Past, Present and Future of

User Interface Software Tools

Brad M yers, Scott E. Huds on, and Randy Pausc h

Human Co mputer Interaction Inst itute

SchoolofCo mputer Science

Carnegie Mello n Universit y

P ittsburgh, PA 15213-3891

{ bam, hudson, pausch}@cs.cmu. edu

Sept ember 15 , 1999

** DRAFT 10**

Abstract

A user int erfacesoft waretool helps developers design and implement theuser int erface. Research on past tools has had enor mous impact on t oda y´s developers˙virtually all applications today wer ebuilt using some for mof user int erfacetool. In this paper, weconsider cases of bot h success and failurein past user interfacetools. Fromthesecases we extract a set of themes which can serveas lessons for futurewor k. Using t hesethemes, past tools can be characterized by what aspects of theuser int erfacethey addressed, their threshold and ceiling, what path of least resistancet hey offer, how predictable they are to use, and whet her they addressed a target that beca meirrelevant. Webelievet helessons of thesepast themes areparticularly important now, becauseincr easingly rapid t echnological changes arelikely t o significantly changeuser int erfaces. Weareat thedawn of an era wher euser interfaces areabout to break out of the

^deskt op~ box wher ethey havebeen stuck for thepast 15 years. Thenext milleniumwill open with an increasing diversit y of user int erfaces on an incr easing diversity of comput erized devices.

Thesedevices include hand-held personal digital assistants (PDAs), cell phones, pagers, comput erized pens, comput erized not epa ds, and various kinds of desk, and wall-sizecomput ers, as well as devices in everyda y objects (such as mount ed on refrigerators, or even embedded in truck tires). Theincreased connect ivit y of comput ers, init ially evidenced by theWorld-Wide

Web, but spreading also wit h technologies such as personal-area net works, will also ha vea profound effect on theuser int erfaceto comput ers. Anot her important forcewill berecognitionbased user int erfaces, especially speech, and ca mera-based vision syst ems. Other cha nges wesee arean incr easing need for 3D and end-user customization, programming, and scripting. All of thesechanges will requiresignificant support fromtheunder lying user int erfacesoft waretools.

CR CATEGORIES AND SUBJECT DESCRIPTORS: D.2.2 [ Software E ngineering ]: Tools and Techniques- User Interfaces ; H.1.2 [ Models and Principles ]: User/MachineSyst ems- Human

Factors ; H.5.2 [ InformationInterfaces and Presentation ]: User Int erfaces- User Interface

Management Systems, Windowing Systems ; K.2 [ History ofComputing ]: Software

ADDITIONAL KEYWORDS AND PHRASES: User Int erfaceSoft ware, Toolkits, Int erface

Builders, User Int erfaceDevelopment Environments, Event Languages, Scripting Languages.

GENERAL TERMS: Human factors, Languages.

** draft of 09/16/99 **

1. Intr oduction

Ther eis no question that research in thearea of user inter facesoft waretools has had an enor mous impact on current practiceof soft waredevelopment. Virtually all applications today arebuilt using window ma nagers, toolkits and int erfacebuilders that havet heir roots in ther esearch of the

70´s, 80´s and 90´s.

Theset ools ha veachieved a high level of sophistication due in part to thehomogeneit y of t oda y´s user int erfaces, as well as thehardwareand soft wareplatforms they run on. Whereas the70´s saw a tremendous amount of experimentation with a variet y of input devices and user int erfacestyles, much of t hediversit y is now gonefr omuser int erfaces. Almost all applications on Windows,

Unix or theMacint osh look and work in a ver y similar fashion, primarily using a small set of constructs invent ed 15 or mor eyears ago. Thespecific techniques of graphical user int erfaces that werefirst shown to havetremendous commercial impact by theMacint osh (starting in 1984), havebeen widely adopt ed wit h only small variations, and a relatively slow growt h of new techniques. Further, thecomput ing platfor mhas largely stabilized on t henow fa miliar deskt op machine˘ onewit h a large(typically color) bit map screen, a keyboard, and a mouse(wit h bet ween oneand thr ee buttons).

This stabilit y has had important posit ivebenefits. For end users, theconsist ency of int erfaces now availablema kes it possiblefor themt o build skills which largely transfer bet ween applications and platfor ms ˘ knowing onegraphical user int erfaceprovides skills that apply to ma ny ot hers. For tool builders this relativelack of changehas also allowed t hemt o go through significa nt refinement of concepts. In ma ny respects tools havebeen ableto matureand ^catch up~ wit h an ot her wisemoving target.

However, many feel that significant opportunities for improved int erfaces arebeing lost to stagnation. In addit ion, conventional GUI (Graphical User Int erface) techniques appear to beillsuit ed for someof thekinds of int eractiveplatfor ms now starting to emer ge, wit h ubiquitous computing devices [72] having tiny and largedispla ys, recognition-based user interfaces using speech and gestures, and requirements for ot her facilities such as end-user programming.

As predict ed by Mark Weiser at Xerox PARC, theageof ubiquitous computing is at hand.

Personal Digital Assistants (PDAs) such as the3ComPalmPilot and personal or ganizers such as

** draft of 09/16/99 **

theSharp Wizard arealready popular. Digital cell phones aremer ging with digital pagers and

PDAs to for mportable, wir eless communication devices that support voice, along wit h electronic ma il, and personal information such as schedules and contact lists. Wall-sizedisplays arealready availableas projection devices such as the SmartBoard 1610 [57] or largeplasma panels such as

ImageS it efromFujitsu , which is 42 inch wide [11] . It is inevitablethat thecosts of hardwarewill cont inueto drop, and t hat new computational opportunities will arise. For example, connect ivity will become easier dueto new wir eless technologies such as the BlueToot h in-roomradio net work [13] .

Int erfaces on thesevery largeand ver y small displa ys cannot typically usethestandard deskt op model, and peoplewill not necessarily expect thesedevices to act like^regular~ comput ers.

Reviews comparing the3C omPalmPilot with Windows CE devices oft en maket hepoint that the

Windows user int erfacestylecr eated for thedesktop does not work well on palm-sizedevices

(e.g., [28] ). And it clearly does not work for a tiny displa y on a phone. Similarly, thestandard

Windows widgets such as pull-down menus arenot appropriateon largewall-sizedisplays since, for exa mple, themenus may belit erally too high for short users to reach [50] . Further mor e, peoplewill beint eracting wit h multipledevices at the same time so thedevices will need t o communicat eand coordinatetheir activities.

Theimplication of thesecha nges is that wecan expect a dramatic increasein thediversity of bot h thetypes of computing devices in use, and thetask contexts in which they operate. This in turn implies that wearepoised for a major changein user int erfaces, and with it dra matic new needs for tools to build thoseint erfaces. It is especially important to explicit ly consider the effects our tools will haveon what wecan and will build, and to creat enew t ools that havetheproperties needed t o meet a new generation of dema nds. Ther earemany exa mples that show that tools ha ve significa nt impact on thestyles of int erfaces that arecreated. For example, in theWorld-Wide

Web, it is actually easier to usepictures as buttons rather than to use^real~ button widgets.

Ther efor e, designers created elaborate, animat ed user int erfaces wit h rich visual design and high product ion values.

Why aretools so important and successful? In general, tools help reducethea mount of codethat programmers need to producewhen cr eating a user int erface, and they allow user int erfaces to be created mor equickly. This, in turn, enables mor erapid prototyping and t her eforemor eit erations of it erativedesign that is a crucial component of achieving high-qualit y user int erfaces [41] .

Past, Present and Future of User Interface Software Tools To appear in ACM TOCHI - 4

** draft of 09/16/99 **

Anot her important advantageof tools is that they help achievea consist ent look and feel, sinceall user int erfaces creat ed wit h a certain tool will besimilar.

This paper briefly discusses thehistor y of successes and failur es of user int erfacesoft waretool research to providea cont ext for futuredevelopments. It then discusses theimplications on tools of theimpending changes. Finally, it discusses therequirements for theunder lying operating syst emto support thesetools. Other papers havealso discussed futureissues in HCI tools, including ther eport of the1996 NSF-ACM workshop on Strategic Directions in Human

Comput er Int eraction [35] and the1991 NSF workshop on HCI research agendas [45] .

2. Historical Perspective

2.1. Themes in Evaluating Tools

In evaluating past and futuretools, wehaveident ified some t hemes that seemt o beimportant in det er mining which aresuccessful.

x The parts of the user interface that are addressed: The tools that succeeded

helped (just) where they were needed.

x Threshold and Ceiling: The ^threshold~ is how difficult it is to learn how to use the

system, and the ^ceiling~ is how much can be done using the system. The most

successful current systems seem to be either low-threshold and low-ceiling, or high

threshold and high ceiling. However, it remains an important challenge to find ways

to achieve the highly desirable outcome of systems with both a low threshold and a

high ceiling at the same time.

x Path of Least Resistance: Tools influence the kinds of user interfaces that can be

created. Successful tools use this to their advantage, leading implementers towards

doing the right things, and away from doing the wrong things.

x Predictability: Tools which use automatic techniques that are sometimes

unpredictable have been poorly received by programmers.

x Moving Targets: It is difficult to build tools without having significant experience

with, and understanding of, the tasks they support. However, the rapid development

of new interface technology , and new interface techniques , can make it difficult for

tools to keep pace. By the time a new user interface implementation task is

understood well enough to produce good tools, the task may have become less

important, or even obsolete.

2.2. What worked

User int erfacetools arean area wher eresearch has had a tremendous impact on thecurrent

practiceof soft waredevelopment [33] . Of course, window ma nagers and ther esult ing ^GUI

style~ comes fromt heseminal research at theStanford Research Institut e, Xerox Palo Alt o

Research Cent er (PARC), and MIT in the1970s. Interfacebuilders wer einvent ed in research

laboratories at BBN, theUniversity of Toront o, Xer ox PARC, and ot hers. Now, int erface

builders areat least a US$100 million per year business and arewidely used for commercial

soft waredevelopment. Event languages, as widely used in HyperTalk and Visual Basic, wer efirst

investigat ed in research laboratories. Thecurrent generation of environments, such as Microsoft´s

OLE (Object Linking and Embedding) and Java Beans, arebased on thecomponent archit ecture

which was developed in theAndr ew envir onment [47] fromCarnegieMellon Universit y. The

following sect ions discuss thesesuccesses in mor edetail. A morecomplet ehistor y appears

elsewher e [33] and anot her refer encecontains a comprehensivesurvey and explanation of user

int erfacetools [32] .

2.2.1. Window Managers and Toolkits

Many research syst ems in the1960s, such as NLS [10] , demonstrated theuseof multiple

windows at thesa metime. Alan Kay proposed theidea of over lapping windows in his 1969

University of Utah Ph.D. thesis [24] and they first appeared in 1974 in his Smalltalk syst emfrom

Xer ox PARC. Many ot her research and commer cial syst ems picked up theidea fromther e,

notably t heXerox Star, theAppleMacint osh, and Microsoft Windows.

Overlapping windows ha vebeen successful in part because, likeoperating syst ems beforethem,

they help ma nagescarceresources. In this case, however, thescarceresources in question

includebot h resources of thecomput er (e.g., a fairly limit ed number of pixels), and huma n

perceptual and cognitiveresources (such as a limit ed visual field, and the attention of theuser).

By allowing theuser to control a set of overlapping display surfaces, thedisplay can bemadet o

suit thefocus and attention of t heuser´s task [16] . Further, by supporting partial overlap, cues for

huma n memor y can beprovided to help ma keactivit ies such as task switching easier when not all

objects of int erest can bedisplayed at once. By paying careful attention to theproperties of

huma ns, over lapping windows effect ively managet heli mit ed resources of both availablescreen

space, and huma n attention and visual field.

Window managers providea basic programming model for drawing and screen updat e(an

imaging model )and for accept ing user input (an input model ). However, programming dir ectly at

thewindow mana ger level tends to betimeconsuming and tedious [53] . Further, when each

programmer cr eates all int erfacecomponents fromscratch, it is practically impossibleto provide

much widespr ead consist ency for theuser.

To address theseissues, user int erface toolkits weredeveloped on top of theabstractions provided

by window mana gers. Toolkits typically provideboth a library of int eractivecomponents, and an

archit ectural framework t o managet heoperation of interfaces madeup of thosecomponents.

Employing an established framewor k and a library of reusablecomponents makes user int erface

construction much easier than programming int erfaces fromscratch. As first demonstrated by the

AppleMacintosh toolbox [2] , thefact that a toolkit makes theprogrammers job much easier can

beused as leverageto achievet hedifficult goal of maintaining consist ency. Thus by achieving

thegoal of making theprogrammer ´s job simpler, toolkits providea path of least resistance to

also achievethegoal of supporting widespr ead int erfaceconsist ency. Anot her reason for toolkits

success is that they focus on just thelow-level aspects of theuser int erface, that arewell-

recognized as important to haveconsistent and undesirableto r e-implement.

2.2.2. Event Languages

Wit h event languages , theoccurrenceof each significant event ˘ such as manipulation of an input

deviceby theuser ˘ is placed in an event record data structure(oft en simply called an event ).

Theseevents arethen sent to individual event ha ndlers that contain thecodenecessary to properly

respond to that input. Researchers haveinvest igated this stylein a number of syst ems, including

theUniversit y of Alberta User Int erfaceManagement Syst em [12] , Sassafras [17] , and ot hers.

This led to ver y popular uses of the event languagein ma ny commer cial t ools, such as the

HyperTalk languageof Apple´s HyperCard, Microsoft´s Visual Basic, and theLingo scripting

languagein Macromedia´s Dir ector.

Event languages havebeen successful becausethey map well to thedir ect ma nipulation graphical

user int erface. Thesesyst ems generate events for each user action with t hemouseand keyboard,

which aredir ect ed t o theappropriate application that then must respond. Event langua ges also

help encouragethemode-freest yleof int erfaces sincetheuser is in chargeof generating events

that theapplication handles. However, as will bediscussed later, the recognition-based user int erfaces that areemer ging for modalities such as gestures and speech may not map well to this

event-based style, so wema y need a new paradigm.

2.2.3. Interactive Graphical Tools

Anot her important contribution of user int erfaceresearch has been thecr eation of what has come

to becalled interface builders . Theseareint eractivet ools that allow int eractivecomponents to be

placed using a mouseto cr eatewindows and dialog boxes. Examples includeVisual Basic and the

^resourceedit ors~ or ^constructors~ that comewit h Microsoft´s Visual C++ and most ot her

environments. Early research on this class of tools includes Trilliumfr omXerox PARC [15] and

MenuLay fromt heUniversit y of Toront o [6] . Theidea was refined by Jea n-Marie Hullot whilea

researcher at INRIA, and Hullot lat er brought theidea with himt o NeXT, which popularized this

typeof tool with the NeXT InterfaceBuilder.

An important reason for thesuccess of int erfacebuilders has been that they usegraphical mea ns

to expr ess graphical concepts (e. g., int erfacela yout). By moving some aspects of user int erface

implementation fromconventional codeint o an int eractivespecification syst em, theseaspects of

int erfaceimplementation aremadeavailableto thosewho arenot convent ional programmers.

This has allowed ma ny doma in experts to prototypeand implement int erfaces highly tailored to

their tasks, and has allowed visual design professionals to becomemor einvolved in cr eating the

appearanceof int erfaces. Even theprogrammers benefit ed, as thespeed of building was

dramatically reduced.

Theseproperties of int erfacebuilders can bethought of as providing a lowthreshold to use, and

avoiding a steep learning curve(at least initially). In thesesyst ems, simplethings can bedonein

simpleways.

2.2.4. Component Systems

Theidea of creating applications by dyna mically combining separately writt en and compiled

components was first demonstrated in theAndr ew syst em [47] fromCarnegieMellon

University´s Infor mation Technology C ent er. Each component controlled its rectangleof the

screen, and ot her components could beincorporated inside. For example, a drawing insidea text

document would becontrolled by a drawing component, which would beindependent of thet ext

edit or component. This idea has been adopt ed by Microsoft´s OLE and Act iveX, Apple´s

OpenDoc, and Sun´s Java Beans [22] . Onereason for thesuccess of thecomponent model is that

it addr esses theimportant and useful aspect of application building: how to appropriately

modularizethesoft wareint o sma ller parts, whilestill providing significant capabilit ies and

int egration to users.

2.2.5. Scriptinglanguages

It is no accident t hat thefirst toolkits wer edeveloped using programming la nguages that wer e

int erpret ed: S malltalk [64] and then Dlisp [63] , which wer edeveloped by researchers at Xerox

PARC had small toolkits. Theint erpret ed la ngua geenables thedeveloper to rapidly protot ype

differ ent user int erfaceideas and immediat ely makecha nges, which provides fast turn-around.

Wit h theriseof C and C++, most user int erfacedevelopment migrated to compiled languages and

thesecapabilities wer elost. Researchers haveinvestigat ed ways to bring theseadvantages back,

result ing in scripting la nguages such as tcl/ tk [ Ouster hout 1991] , Python [29] and Perl [70] . Now,

theseresearch la nguages areseeing incr easing commercial use, and popular languages such as

Visual Basic and Javascript areproviding int erpret ed capabilities.

Weobservet hat any scripting la nguagethat achieves wideuseseems to requiregeneral-purpose

control structures, such as variables, loops and conditionals. Alt hough int ended for non-

professional progra mmers, theselanguages nearly always are used to go beyond what the

languagedesigners originally had in mind, so full programmability inevitably proves necessary.

In fact, when someonedevelops any languaget hat is supposed to be ^simplified~ (froma general-

purposeprogramming langua ge), users always seemt o want it to havemor epower. Thefull

rangeof control structures therefor egenerally creeps back in. This seems t o bea trade-off

dilemma that is impossiblet o get around.

Combining scripting capabilities wit h components and an int erfacebuilder has proven to bea

particularly powerful approach. For example, ther earethousands of components for Visual

Basic availablefr om third-party vendors. Using theint erfacebuilder of Visual Basic for the

layout and theVisual Basic languagefor scripting the^glue~ that holds everyt hing toget her

enables peoplewho arenot professional programmers to cr eatesophisticat ed and useful

int eractiveapplications. Visual Basic shows that a littlepr ogra mming ˘ if packaged properly ˘

can makeit possiblefor doma in experts to createint erfaces that reflect their doma in and task

knowledge.

2.2.6. Hypertext

TheWorld-WideWeb (WWW) is another spectacular success of research on user int erface

soft wareand t echnology. It is based on t he hypertext idea. Ted Nelson coined t het er m

^hypert ext~ in 1965 and worked on oneof thefirst hypert ext systems called t he^Hypertext

Editing Syst em~ at Brown University. TheNLS syst em [9] also had hypert ext features. The

University of Maryland´s Hyperties was thefirst system wher ehighlight ed it ems in thet ext could

beclicked on to go to ot her pages [26] . HyperCard from Applewas significant in helping

popularizetheidea for a wideaudience. For a morecomplet ehistory of Hypert ext, see [42] .

Hypert ext did not attain widesprea d use, however, until thecr eation of theWorld-WideWeb

syst emby Berners-Leein 1990, and theMosaic browser a few years later. Someof theelements

of thesuccess of theWWW arethe easeof useof Mosaic, thesimplicit y and accessibility of the

ht ml langua geused to author pages, the easeof making pa ges accessibleon theweb, and the

embedding of pictures wit h thet ext. TheWWW provided a lowthreshold of usefor both viewers

and authors. Viewers had a simplemecha nismt hat provided access to many of the existing

net work resources (e.g., ftp, telnet, gopher, etc.) within a hypert ext framewor k, and authors used

thever y simpleht ml t extual specification language. This allowed thesyst emto beused by

cont ent providers with a minimumof learning. Second, thesuccess of theMosaic browser

clearly demonstrated thepower and compelling natureof visual ima ges (and mor egenerally, rich

cont ent wit h high product ion values).

2.2.7. Object-Oriented Programming

Object-orient ed programming and user int erfaceresearch havea long and int ertwined hist ory,

starting with S malltalk´s motivation to makeit easy to cr eateint eractive, graphical programs.

C++ becamepopular when programming graphical user int erfaces beca mewidely necessary wit h

Windows 3.1. Object-orient ed progra mming is especially natural for user int erfaceprogramming

sincethecomponents of user int erfaces (buttons, sliders, etc) aremanifest ed as visibleobjects

with t heir own state(which corresponds to instancevariables) and their own operations (which

correspond to met hods).

2.3. Promising Approaches That Have Not Caught On

In addition to thelessons learned from successes, a great deal can also belearned from looking at

ideas which init ially seemed t o show gr eat promise, but which did not in theend succeed (or at

least havenot yet succeeded) in delivering on that promise. Many of thesesuccumbed to the

moving-target problem: as thesesyst ems wer ebeing researched, thestyles of user int erfaces wer e

cha nging towards today´s standard GUI. Further more, ma ny of theset ools wer edesigned t o

support a flexiblevariety of styles, which beca meless important wit h thestandardization. This

section considers several such exa mples including theconcept of a User Int erfaceManagement

System(UIMS), language-based approaches, constraints, and model-based syst ems.

2.3.1. User Interface Management Systems

In the early 80´s, theconcept of a user interface management system (UIMS) [65] was an

important focusing point for thet hen-for ming user int erfacesoft warecommunit y. Thet er m^user

int erfacema nagement syst em~ was coined [23] to suggest an analogy to databasemanagement

syst ems. Databasemanagement syst ems implement a much higher and mor euseableabstraction

on top of low level concepts such as disks and files. By providing this abstraction, they allow

independencefromlow-level details, automat e(or simply hide) many previously ver y tedious

tasks, and generally makethetask of creating data reposit ories much simpler and morerobust.

Similarly, user int erfacemanagement syst ems wer eto abstract thedetails of input and output

devices, providing standard or automatically generated implementations of int erfaces, and

generally allowing int erfaces to bespecified at a higher level of abstraction.

However, this separation has not worked out well in practice. For every user int erface, it is

important to control thelow-level pragmatics of how the int eractions look and feel, which these

UIMSs tried to isolatefromt hedesigner. Further more, thestandardization of theuser int erface

elements in thelate1980´s on thedeskt op paradigm made theneed for abstractions fromtheinput

devices most ly unnecessary. Thus, UIMSs fell victimto themoving target problem.

2.3.2. Formal Language Based Tools

A number of the early approaches to building a UIMS used techniques borrowed fromfor mal

languages or compilers. For example, ma ny syst ems wer ebased on statetransition diagrams

(e.g., [21, 40, 71] ) and parsers for cont ext freegrammars (e.g., [44] ). Initially theseapproaches looked ver y promising. However, theset echniques did not catch on for several important reasons

that can serveas important lessons for futuretools.

Theuseof for mal langua getechniques was driven in part by an early emphasis in UIMS work on

thetask of dialog management . At thetimet hat these early user int erfacemana gement syst ems

wer ebeing conceived, thedominant user int erfacestylewas based on a conversational metaphor

(in which thesyst emand user areseen as conversing about theobjects of int er est). In this sett ing,

dialog management takes on a very central role, and in fact a number of for mal la nguagebased

syst ems did a very good job of supporting that central task. Unfortunately, just as these early

syst ems wer ebeing developed, thedirect ma nipulation styleof int erface [56] was quickly coming

to prominence. In dir ect manipulation int erfaces, therole of dialog management is greatly

reduced becausestructuring of thedialog by thesyst em is typically detrimental to theconcept of

directness. As a result, these early user int erfacetools quickly beca meones which ha d donea

very good job of solving a problemt hat no longer mattered, thus falling vict imto themoving

target problem.

Ther eareother problems wit h this class of tools. In thesesystems it is ver y easy to express

sequencing (and hard to express unorder ed operations). As a result, they tend to lead the

programmer t o createint erfaces wit h rigid sequences of requir ed actions. However, froma dir ect

ma nipulation point of view, required sequences arealmost always undesirable. Thus, the path of

least resistance of thesetools is detrimental to good user int erfacedesign.

Anot her reason that somesyst ems did not catch on is that had a high threshold for using them

becausethey requir ed programmers to learn a new specia l purposeprogramming la nguage(in

addition to their primary implementation languagesuch as Pascal, C, or C++). Moreimportantly,

for mal la nguagebased syst ems oft en required theprogrammers to usenew progra mming

concepts. For example, someof thesesyst ems used grammars to express sequencing in dia logs.

However, many programmers wer enot adept at thinking in ter ms of grammars. Even though the

dramatically improved power of thetools seemed t o justify a steep learning curve, many pot ential

users of thesesyst ems did not adopt themsimply becausethey never got past initial difficulties.

2.3.3. Constraints

Many research syst ems have explored theuseof constraints , which arerelationships that are

declared onceand then maintained automatically by the syst em, for implement ing several differ ent aspects of a user int erface. Examples includeSket chpad [61] , ThingLab [5] , HIGGENS

[19] , CONSTRAINT [68] , Garnet [34] , Rendezvous [18] , Amulet [36] , and subArctic [20] .

Wit h constraints, thedesigner can specify, for exa mple, that a linemust stay attached t o a

rectangle, or that a scroll-bar must stay at theright of a window. Similarly, onecould declarethat

thecolor, size, or position of objects in multipleviews bederived fromt heva lueof an object in

theapplication, or that oneapplication object´s valueber elated to another based on a formula.

Oncet heserelationships ha vebeen declared, a constraint solving system responds to cha nges

anywher ein thesyst emby updating any values needed t o maintain thedeclared constraints.

Constraint syst ems offer simple, declarativespecifications for a capabilit y useful in implement ing

several differ ent aspects of an int erface. Further, a rangeof efficient algorithms havebeen

developed for their implementation. However, constraint systems haveyet to bewidely adopt ed

beyond research syst ems . Oneof thecentral reasons for this is that programmers do not likethat

constraint solvers aresomet imes unpredictable .

Oncea set of constraints is set up, it is thejob of thesolver to find a solution ˘ and if ther eare

mult iplesolutions, thesolver may find onethat theuser did not expect. If ther eis a bug in a

constraint met hod, it can bedifficult to find. A relat ed problemis that, especially with themor e

sophist icated solvers, to build a set of constraints that can behandled by thesolver, the

programmer ma y need t o ensurethat theset of constraints is of a particular for m, such as acyclic

or linear only, or may need to learn thedetails of how thesolver works, which presents a high

threshold . Further mor e, thedeclarativenatureof constraints is oft en difficult to mast er for people

used to programming in imperativelanguages˙ it requir es them to think differ ent ly about their

problems, which also contribut es to ha ving a high threshold.

Onearea of user int erfacedesign for which constraints do seemsuccessful is the layout of

graphical elements. Systems such as NeXTStep and Galaxy [69] provided a limit ed for mof

constraints using themetaphor of ^springs and struts~ (for stretchy or rigid constraints) which

could beused to control layout. Theseand other metaphors havefound wider acceptancebecause

they provided a limit ed for mof constraints in a way that was easier to learn and mor epredictable

for programmers.

2.3.4. Model Based and Automatic Techniques

Anot her thread of user int erfaceresearch that has shown significant promise, but has not found

wideacceptance, is theinvestigation of automatic t echniques for generating int erfaces. Thegoal

of this work is generally t o allow thedesigner to specify int erfaces at a ver y high level, with t he

details of theimplementation to beprovided by thesystem. Motivations for this includet hehope

that programmers without user int erfacedesign exper iencecould just implement thefunct iona lit y

and rely on thesesyst ems to cr eatehigh-qualit y user interfaces. Thesyst ems might allow user

int erfaces to becreat ed wit h less effort (sinceparts would begenerat ed automatically). Further,

ther eis thepromiseof significant additional benefits such as automatic portabilit y across mult iple

types of devices , and automatic generation of help for theapplication.

Early exa mples of model-based tools includeCousin [14] and HP/Apollo´s Open-Dialogue [55]

which provided a declarativelanguagein which thedesigner list ed theinput and output needs of

theuser int erface. Thesyst emt hen generated thedialogs to display and request thedata. These

evolved int o model-based syst ems, such as Mike [43] , Jade [67] , UIDE [60] , ITS [74] , and

Humanoid [62] . Thesesyst ems used t echniques such as heurist ic rules to automatically select

int eractivecomponents, layouts, and ot her details of the int erface.

Aut omatic and model based techniques havesuffer ed fromtheproblems of unpredictabilit y. In

fact, becauseheurist ics areoft en involved, theconnection bet ween specification and final result

can bequit edifficult to understand and control. Programmers must also learn a new la nguagefor

specifying themodels, which raises thethr eshold of use . In addit ion, model based syst ems havea

low ceiling. Becauseautomatically generating int erfaces is a very difficult task, automatic and

model based systems ha ve each placed significant limitations on thekinds of int erfaces they can

produce. A related problem is that thegenerat ed user int erfaces wer egenerally not as good as

thosethat could becreat ed wit h convent ional programming t echniques. Finally, an important

mot ivation for model-based t echniques was to provideindependenceof theinput-output

specification fromt hedetails of thespecific user int erfacecharacteristics, but wit h the

standardization of theuser int erfaceelements, this separation beca meless important. As wewill

discuss later, a new requir ement for deviceindependenceis emerging, which may raisetheneed

for model-based or relat ed techniques in thefutur e.

2.4. Discussion of Themes

Returning to thet hemes introduced in section 2.1 , themost successful tools focused on a

particular part of theuser int erfacethat was a significa nt problem, and which could beaddressed

thoroughly and effectively. Thelong stability of deskt op paradigmand dir ect manipulation user

int erfacestylehas enabled maturing of tools, alleviating themoving target problem that affect ed

the earliest tools. However, as discussed next, wepr edict a new phaseof increased

experimentation and changein user int erfaces in thefuture, which will maket hemoving target

probleman important issueagain.

Thedual problems of thr eshold and ceiling effects aregeneral among user int erfacetools. Oneof

theperennial challenges for user int erfacetool wor k is how to apply very powerful approaches

and still ma kethem accessibleand understandableto typical developers. Ther eis oft en a

temptation to feel that thepower of an approach justifies a steep learning curve. In many cases, a

simplecost / benefit analysis may even indicatethis. Further, sometechniques for achieving the

power needed for high ceiling syst ems seemt o ha vethe effect of raising thet hreshold. Similarly,

ma ny attempts at lower ed thr eshold ha vebeen at the expenseof powerful features that allow for a

high ceiling. Systems such as SUIT [49] wereableto providever y low thr esholds, but provided

access to higher-ceiling support only via the^trap door~ approach of allowing general call-outs to

theunder lying progra mming language. Futuretrends will call for new and powerful techniques

(high ceiling) to deal wit h theant icipated dra matic increasein user int erfacediversit y. The

lessons of past tools indicatethat in practicehigh-t hr eshold syst ems havenot been adopt ed

becausetheir int ended audiencenever ma kes it past theinit ial threshold to productivity, so tools

must providean easy entry and smoot h path to increased power. Whilevery challenging, creating

syst ems wit h bot h a low thr eshold and a high ceiling is possible, and will continueto bean

important goa l for futuretools.

Anot her issueis that of thepath of least resistanceoffered by a tool. Our tools havea profound

effect on how wet hink about problems. It will rema in imperativethat our tools ma ke^doing the

right thing~ easy (in prefer encet o ^doing thewrong thing~). This applies bot h to thestructureand

organization of thecode, as well as to theuser int erfacethat results fromthecode. In ot her words,

thetools should ma kecreating high-quality user int erfaces easier than creating low quality ones.

3. Future Prospects and Visions

Thenext sections discuss someof our predictions and observations for thefutureof user int erface

tools. It is impossiblet o discuss thetools without discussing t heuser int erfacechanges t hat will

requir ethenew tools. Ther efor e, thesesections areorganized around thenew user int erface

paradigms that weseeemer ging. Weseeimportant implications fromcomput ers becoming a

commodit y, ubiquitous comput ing, themovet o recognition-based and 3D user int erfaces, and

end-user customization.

3.1. Computers Becoming a Commodity

As Moor e´s law continues to hold, comput ers availableto thegeneral public havebecomefast

enough to perfor manything that researchers´ comput ers can do. Thetrick that has been used by

comput er scienceresearchers of buying expensive, high perfor ma ncecomput ers to investigat e

what will beavailableto t hepublic in fiveor ten years no longer works, sincethecomput ers

availableto t hepublic areoft en as fast or faster than ther esearcher´s. This may havea profound

impact on how and what comput er scienceresearch is performed. Further mor e, thequant itative

cha ngein incr eased perfor ma ncema kes a qualitativechangein thekinds of user int erfaces

possible. For example, it has now enabled t heproduction of inexpensivepalm-sizecomput ers,

and singlechip microprocessors thepower of a 68000 that cost only about 30 cents and can be

embedded in various devices. Anot her impact of thehigh perfor manceis that user int erfaces are

becoming more cinematic , with smoot h transitions, animation, sound effects, and ma ny ot her

visual and audio effects.

3.2. Ubiquitous Computing

Theidea of ubiquit ous computing [72] is that computation will beembedded in many differ ent

kinds of devices, on many differ ent scales. Already weareseeing tiny digital pagers and phones

with embedded computers and displays, palm-sizecomput ers such as thePalmP ilot, not ebook-

sizepanel comput ers, laptops, deskt ops, and wall-sizedispla ys. Further more, comput ing is

appearing in moreand mor edevices around thehomeand office. An important next wa vewill

appear when thedevices can all easily communicatewit h each other, probably using radio

wireless t echnologies like HomeRF [39] or BlueToot h [13] . What aretheimplications of these

technologies on thetools that will beneeded? Thenext sect ions discuss someideas.

3.2.1. Varying Input and Output Capabilities

Virtually all of toda y´s int eraction t echniques havebeen highly opt imized over thelast twenty

years to work with a fairly largedispla y and a mousewit h one t o thr ee buttons. Virtually noneof

thedevices envisioned for ubiquit ous computing havea mouse, somehaveno truepointing

devices at all, and ma ny havediffer ent kinds of displays. Thefirst important issueis how the

int eraction techniques should changeto takethesevarying input and output hardwareint o

account.

Themost obvious impact is that developers will now havet o creat euser int erfaces that work wit h

vastly differ ent sizes and characteristics of displays. Whereas screens on deskt op machines have

only varied from640x480 to 1280x1024 pixels (a factor of 4) and their screen vary fromabout 8

inches to about 20 inches in dia gonal (a factor of 2.5), in thefuture, screens will befromcell

phonedisplays (60x80 pixels at about 2 inches in diagona l) to wall sizedisplays (the DynaWall in

the i-La nd project [58] is about 3000x1000 pixels at 4.5 met ers long and 1.1 met ers tall. A wall-

sizedisplay at Stanford is using a screen that is 3796x1436 pixels and 6 feet by 2 feet [75] ).

Thesevariations arefactors of about 625 in resolution and 100 for size. Current techniques have

oft en ma deimplicit assumptions about devicecharacteristics. For example, standard widgets like

pull-down menubars cannot generally beused, sincet hey may not fit on small screens and on

largescreens, they might betoo high for someshort users [50] . Therearestarting t o be exa mples

of ^real~ 3D volumetric displays (e. g., [1] ) , that will clearly requireentir ely differ ent int eraction

techniques.

Also theinput modalit ies differ˙cell phones havea numer ic keypa d and voice, palm-size

displays havetouch-sensit ivescreens and a stylus but no keyboard, other PDAs havetiny

keyboards, and wall-sizedisplays can oft en betouched or point ed at. Changing froma mouset o a

stylus on a touchpad r equir es differ ent int eraction t echniques. Somedevices will also provide

high-qualit y speech, gestureand ha ndwriting recognition. Many tools cannot ha ndlea differ ent

number of mousebuttons, let alonet hechangefroma mouse to a stylus, and themovet o new

input modalities such as speech, gestures, eyetracking, video cameras, and biofeedback (e.g., [4] )

is complet ely out of thequest ion for such tools.

Thus, thesameuser int erfaces obviously cannot beused on all platfor ms. If a developer is

creating an application that should run on a variety of platfor ms, it becomes much moredifficult

to hand-design thescr eens for each kind of displa y. Ther eis not yet even standardization wit hin devices of thesa meclass. For example, differ ent kinds of PDAs ha vequit ediffer ent display

characteristics and input methods.

This may encouragea return to thestudy of some t echniques for device-independent user

int erfacespecification, so that developers can describetheinput and output needs of their

applications, vendors can describet heinput and output capabilit ies of their devices, and users can

specify their prefer ences. Then, thesyst emmight chooseappropriateint eraction t echniques

taking all of t heseint o account.

3.2.2. Tools to Rapidly Prototype Devices , not just Software

An important consideration for thenew devices is unlikedeskt op ma chines that all ha vethesa me

input and output capabilities (mouse, keyboard, and color screen), therewill bea great variety of

shapes, sizes, and input-output designs. Much of theuser int erfacewill bein built into t he

hardwareitself, such as thephysical buttons and switches. Therefor e, thedesigner will haveto

takeint o account not only thesoft ware, but also thephysical properties of thedevices and their

capabilit ies. Thus wewill need tools that support ther apid design and protot yping of the

hardware. It will not besufficient to usescr een based techniques for prototyping thehardware

sincethepragmatics and usabilit y cannot beevaluated solely froma simulation on a screen.

3.2.3. Tools for Coordinating Multiple, Distributed Communicating Devices

Wit h theriseof theuseof theInt ernet and World-WideWeb, thecomput er is becoming a

technology for communication morethan for computation. This trend will significant ly incr ease

with t heriseof ubiquitous comput ing. Many of thedevices (cell-phones, pagers) arealready

designed for communication fromoneperson to another, and thecomputation is bringing added

funct ionality and int egration. As room-area wireless networ ks increasingly enablemultiple

devices t o communicat e, it will bemoreimportant that comput ers no longer areused as islands of

computation and storage, but rather as part of an int egrated, multi-ma chine, multi-person

environment. Further mor e, as peopleincr easingly distribut etheir own computation across

devices in their office, their home, their car, and their pocket, therewill bean incr easing need for

peopleto communicat ewith themselves on differ ent devices. Supporting collaboration wit h ot her

peoplewill bemorecomplicat ed than wit h current multi-user applications such as GroupKit [51]

or Microsoft NetMeet ing, sinceit can no longer beassumed t hat all thepeopleha vecomparable

comput ers. Instead, someusers might beon a cell-phone froma car whileothers areusing PDAs on thetrain, or wall-sizedisplays at home. Somet imes, users may have multiple devices in useat

thesamet ime. For exa mple, theP ebbles project is investigating how PDAs can beused

effectively at thesametime as PCs [38] . Devices and peoplewill havediffer ent levels of

connect edness at differ ent times, fromdisconnect ed, to connect ed with slow links, to being on a

high-speed net work. Decisions about what infor mation is to besent and shown to theuser should

bebased on theimportanceand timeliness of theinformation and thecapabilities of thecurrent

connection and devices. Further mor e, theuser´s int eraction will beneed to takeint o account

infor mation fromt heInt ernet and infor mation generated by sensors and peoplefromall over the

world. Thestatus fromt heenvironment should also betaken int o account (some call these

^cont ext-aware~ user int erfaces [8] ).

The implications of all this on tools are profound. It will beimportant for tools to provide

facilit ies to managedata sharing and synchronization, especially sinceit must beassumed that the

data will go out of dat ewhiledisconnect ed and need to beupdat ed when reconnect ed. Sincedata

will beupdat ed automatically by theenvir onment and by ot her people, techniques for not ification

and awareness will beimportant. Furthermor e, thetools will beneeded to help present the

infor mation in an appropriateway for what ever deviceis being used. If theuser has mult iple

devices in useat thesamet ime, then thecont ent and input might bespread over all theactive

devices. All applications running in this futureenvironment should becogniza nt of multiple

peopleand sharing, so that group work can be easily accommodat ed. This implies that security

issues will become increasingly important, and bett er user int erfaces for monit oring, specifying

and t esting security settings will becrucial.

Sincet hesecapabilities should beavailablet o all applications, it will beimportant for them to be

provided at a low level, which suggests that thesupporting capabilit ies beincluded in the

underlying operating syst emor toolkits.

3.3. Recognition-Based User Interfaces

Wher eas most of t oday´s tools providegood support for widgets such as menus and dialog boxes

which usea keyboard and a mouse, thesewill bea much smaller proportion of theint erfaces of

thefuture. We expect to seesubstantially mor euseof techniques such as gestures, handwrit ing,

and speech input and output. Thesearecalled recognition-based becausethey r equir esoft wareto

int erpret theinput streamfromt heuser to ident ify thecont ent.

Thesenew modalities will funda mentally changehow int erfaces aredeveloped. To createspeech

user int erfaces today requires learning about vocabularies, parsers, and Hidden-Markov-Models

(HMMs). To creategestural int erfaces, theprogrammer ma y need t o know about HMMs, feature

vectors, and/or Mahalanobis distance 1 (depending on the r ecognit ion technology). Tools will be

needed t hat hideall of this complexity and providean easy-t o-useint erfaceto programmers.

Beyond getting a speech int erfaceto work for a singleapplication, it will benecessary for

applications to support many differ ent kinds of modalit ies. Wher ethefor mand modeof the

output generated by comput er-based syst ems is current ly defined by thesyst emdesigner, a new

trend ma y beto increasingly allow the user to det er mine t heway in which thecomput er will

int eract and to support multiplemodalities at thesametime. For instance, theuser may det er mine

that in a given situation, textual natural languageoutput is preferred to speech, or that pictures

ma y bemoreappropriatethan words. Thesedistinct ions will bemadedyna mically, based on the

abilit ies of theuser or thelimitations of thepr esentation envir onment. For example, ther eis

evidencet hat users should beencouraged to switch moda lities (e. g., fromspeech to handwriting)

if thesyst emis having difficulty int erpret ing their input [59] . As thecomputing environment

used to present data becomes distinct fromtheenvironment used to cr eateor storeinfor mation,

int erfacesyst ems will need t o support infor mation adaptation as a funda mental property of

infor mation deliver y.

Recognition-based int erfaces havea number of funda mental differ ences fromt oday´s int erfaces.

Theprimary differ enceis that theinput is uncertain˙ther ecognizer can make errors int erpreting

theinput. Therefore, int erfaces must contain feedback facilities to allow t heuser to monitor and

correct theint erpretation. Further mor e, int erpret ing theinput oft en requir es deep knowledge

about thecont ext of theapplication. For example, to interpret ^movet hered truck to her e,~ the

syst emneeds access to theobjects in t heapplication (to find thered truck) along wit h timing

infor mation about pointing gestur es (to find ^her e~).

Ther earesignificant implications for tool design. First, a conventional event-based model ma y no

longer work, sincer ecognition syst ems need t o provideinput cont inuously, rather than just in

discret eevents when t hey arefinished. For example, when encircling objects with a gestureand

cont inuing to move, theobjects should start moving immediat ely when theboundary is closed,

1 Used by the popular Rubine recognizer [54] .

rather than waiting for theend of thegesture. Similarly, in speech, theint erpretation of t he

speech should begin immediat ely, and feedback should beprovided as soon as possible.

Temporal coordination wit h other modalit ies (such as point ing) requires that thecont inuous

natureof theinput bepreserved.

Anot her issueis theseparation of knowledgeabout theapplication´s cont ents. Today´s user

int erfacetools work without any deep knowledgeabout what theapplication is doing˙t hey only

need t o know thesurfacewidgets and appearance. To support thenew modalities, this will no

longer work. Webelievea n appropriatearchit ectur eis for thetools to haveaccess to thema in

application data structures and int ernals. Otherwise, each application will need t o dea l wit h its

own speech int erpretation, which is undesirable. Incr easingly, futureuser int erfaces will bebuilt

around standardized data structures or ^knowledgebases~ to ma kethesefacilit ies available

without requiring each application to rebuild them. Thecurrent trend towards ^reflection~ and the

^open data model~ is a step in this direct ion, but this is a deep unsolved problemin artificia l

int elligencesyst ems in general, so weshould not expect any solutions in thenear term.

3.4. Three-Dimensional Technologies

Anot her trend is themigration fromt wo-dimensional presentation space(or a 2½ dimensional

space, in thecaseof overlapping windows) to thr ee - dimensional space. Three-dimensional

technologies offer significant opportunities for human-comput er int erfaces. Application areas that

ma y benefit fromthr ee-dimensional int erfaces includetraining and simulation, as well as

int eractive exploration of complex data environments.

Providing tools for 3D is a very difficult problem, as can beseen by thelack of acceptancefor the

Virtual Realit y Modeling Language(VRML), which was to bea 3D standard for theWorld-Wide

Web. For 3D to be effect ive, thenot ions of select ing and int eracting with infor mation will need t o

berevised, and t echniques for navigating thr ough information spaces will need t o beradically

alter ed fromthepr esent page-based models. Researchers arestill at thestagewher ethey are

developing new int eraction techniques, gestur es and metaphors for 3D int erfaces. Wepredict the

need t o settleon a set of 3D int eraction techniques and 3D widgets befor ehigh-level t ools for

int eractivebehaviors will bepossible. Someresearch syst ems, such as Alice [48] are explor ing

how to hidethemat hemat ics, which will beincreasingly important in thet ools of thefuture.

Providing support in a 3D toolkit in 1999 suffers fromtheproblems that 2D toolkits had 15 years

ago. First, theneed for perfor ma ncecauses theunderlying implementation details to bevisible even t hrough higher level abstractions should behiding them. Second, wearenot surewhat

applications will bedeveloped wit h this new style. In this regard, 3D int erfaces areprobably in

worseshapetha n 2D int erfacewer e, because2D int erfaces wer eablet o adopt many paper

convent ions, for example, in deskt op publishing. Unt il a breakthrough occurs in our

understanding of what kinds of applications 3D will beuseful for, it will be extremely difficult

for toolkits to know what abstractions to provide. A central aspect of thr ee-dimensional int erfaces

is ^near-real-time~ int eractivit y, theabilit y for thesyst em t o respond quickly enough that the

effect of dir ect manipulation is achieved. Near-real-timeint eractivity implies strong perfor mance

dema nds that touch on all aspects of an application, from data management t hrough computation

to graphical render ing. Designing int erfaces and applications to meet thesedema nds in an

application-independent manner presents a major challenge t o theHCI communit y. Maintaining

therequired perfor mancein thecont ext of an unpredictableuser-configur ed environment implies

a ^time-crit ical~ capabilit y, wher ethesyst emautomatically gracefully degrades qualit y in order

to maintain performa nce. Thedesign of general algorithms for time-crit ical applications is a new

area and a significant challenge.

3.5. End-User Programming, Customization, and Scripting

Oneof themost successful comput er programs of all timeis thespreadsheet, and theprimary

reason for its success is that end users can program(by writ ing for mulas and macros). 2 However,

end user programming is rarein ot her applications, and wher eit exists, usually requires learning

convent ional programming. An important reason that theWorld-WideWeb has been so

successful is that ever yonecan creat ehis or her own pages. However, for ^active~ pages that use

for ms, animations, or computation, again programming is requir ed, usually by a professiona l

programmer using a programming languagelikePERL or Java. ^Product ivit y applications~ are

becoming incr easingly programmable(e.g., by writing Visual Basic scripts for Microsoft Wor d),

but only t o thosewit h someaffinity for programming. Other systems usewhat arecalled scripting

2 It isinteresting tonote that spreadsheet formulas are a form of constraint and are tremendouslysuccessful,

whereas constraints for programmershave not been successful. We conjecture that thisisbecause

constraints fit with the business person´smental model who just needs a computation and an answer, but

not with theprogrammer´s whoneeds more control over performance and methods. Akeyfor anytool is to

fit with the users´ model.

Past, Present and Future of User Interface Software Tools To appear in ACM TOCHI - 22

** draft of 09/16/99 ** languages , such as Lingo for MacroMedia Direct or, but theseareoft en fairly convent ional

programming languages.

End-user programming will beincr easingly important in thefuture. No matter how successful

int erfacedesigners are, systems will still need to becustomized to theneeds of particular users.

Although ther ewill likely begeneric structures, for example, in an ema il filt ering syst em, that can

beshared, such syst ems and agents will alwa ys need to betailor ed to meet personal requirements.

Bett er int erfaces and understandings of end-user programming areneeded. Further more, these

capabilit ies should not bebuilt into individual applications as is donet oday, sincethis means that

theuser must learn a differ ent programming t echniquefor each application. Inst ead, thefacilities

should beprovided at thesyst emlevel, and ther eforeshould bepart of theunderlying toolkit.

Figure 1: Theint ent of this graph is to try to givea feel for how hard it is to usethetools to createthings of differ ent levels of sophist ication. For example, with C, it is quit ehard to get started, so theY int ercept (thr eshold) is high up. Thevertical walls arewher ethedesigner needs to stop and learn somet hing ent irely new. For C, thewall is wher etheuser needs to learn the

Microsoft Foundation Classes (MFC) to do graphics. With Visual Basic, it is easier to get started, so theY int ercept is lower, but Visual Basic has two wa lls˙one when you ha veto learn the

Basic progra mming language, and anot her when you havet o learn C. Click and Createis a menu based tool fromC orel, and its linestops (so it has a low ceiling) becauseit does not havean ext ension language, and you can only do what is availablefromt hemenus and dialog boxes.

Theimportant research problem wit h scripting and customization is that thethreshold is still too high˙it is too difficult to learn how to program. Thethr eshold and ceiling issueis illustrated by theresearch on ^Gent leSlopeSyst ems~ [7] [37] which aresystems wher efor each incremental incr easein thelevel of customizabilit y, theuser only needs to learn an incremental amount. This is contrasted with most syst ems which ha ve^walls~ wher etheuser must stop and learn many new concepts and techniques to ma kefurther progress (seeFigure1).

Past, Present and Future of User Interface Software Tools To appear in ACM TOCHI - 23

** draft of 09/16/99 **

3.6. Further Issues forFuture Tools

In addition to theissues discussed above, weseesomea ddit ion trends in thenear futurethat will contradict assumpt ions built into t oday´s tools.

x Skill and dexterity levels of users . Most current int erfaces assumean averagelevel of dext erit y and ma nual skill on thepart of theuser. However, based on current demographics weknow that as timepasses ther ewill bema ny moreolder adults using int eractivesyst ems

(not to ment ion younger, but disabled persons). With aging comes an inevitabledeclinein mot or, memor y, and perceptual skills. However, whilesomer etrofitting of graphical int erfaces for special needs users has taken place, only a littlework has been perfor med on specific int eraction techniquesupport for older adults (for exa mple [31, 66, 76] ). This again ma kes thenotion of a singlefixed library of int eractivecomponents problematic and may requir eredesign of many accept ed int eractivetechniques and thetools that support them.

x Non-overlapping layout or rectangular and opaque interactive components . Early toolkits

(such as theMacint osh toolbox) assumed that int eractive widgets such as buttons and t ext fields would not overlap. Other toolkits (most notably thosecoming with theX-windows syst emsuch as xtk [30] and syst ems t hat wer ehea vily influenced by it such as theJava

AWT) inst ead assumed that overlap was possible, but that all components wer erectangular and opaque. Theseassumptions worked well for early GUI int erfaces. However, they have mor erecently become rather limit ing and they typically precludet echniques such as translucency [27] and Magic Lens int eractions [3] which show gr eat promiseand arenow technically feasible.

x Using fixed libraries of interactive components . Most toolkits havelong assumed that a fixed library of int eractivecomponents cover ed thevast majority of int erfaces that wereto bebuilt.

As a result, they haveplaced an emphasis on making components fromthelibrary easy to employ, whilegenerally neglect ing t heissueof making it easy to cr eatenew int eractive components. For example, creating a new widget in thepopular Motif toolkit is very difficult. Theimplicit or explicit assumptions (and in somecases simply poor early design choices [52] ) ma deby a system, significa ntly limit thekinds things that can be(easily) accomplished wit h it.

** draft of 09/16/99 **

x Interactive setting . Much of current user int erfacedesign knowledge(and hencet he supporting tools) also implicit ly makes assumpt ions about thesetting in which a user acts.

For example, most int erfaces assumethat theuser is sitting, has two ha nds available, and can look at theint erfacewhileoperating it. However, someof theseproperties do not hold in ma ny situations in theworld wher ecomputational support could bevaluable(e. g., while driving, or lying under a machinebeing repaired).

x Requiring the user´s full attention . Almost all current int erfaces assumethat they havethe user´s full attent ion˙t hey typically do very littleunless theuser pays attention to them and acts upon them. However, with ubiquitous comput ing, thenumber of devices for each user is mult iplying. If each of thesedema nds a small pieceof theuser´s attent ion, theaggr egate result may bequit eunpleasant. As a result, thereis a clear need for new interaction paradigms that minimizet heamount of attent ion demanded [73] . With theseint erfaces will bea need for tools which explicit ly consider human attention as part of thedesign crit eria.

This may requir ea strong int egration of cognitivescienceknowledgethat to datehas not been directly employed in user int erfacetools.

x Support for Evaluation . Today´s tools focus on thedesign a nd implementation of user int erfaces. However, achieving t hegeneral goa l of supporting rapid it eration of designs requir es rapid evaluation, as well as rapid implementation. Unfortunately, few tools ha ve provided explicit support for evaluation. This is partially becausetools that havetried, such as MIKE [46] discover ed t hat ther earevery few metrics that can beapplied by comput ers. A new generation of tools aretrying to evaluatehow peoplewill int eract with int erfaces by automatically cr eating cognitivemodels fromhigh-level descriptions of theuser int erface

[25] , but this work is very preliminary and much mor eresearch is needed.

x Creating usable interfaces : Going even further, tools might enforceor at least encourageuser int erfaces that wer ehighly usable, rather than today´s stancethat tools should beneutral and leavet hedesign most ly t o thehuma n designer.

4. Oper ating S ystem Issues

What is the^Operating System~ in today´s syst ems? Does theWindow Manager count as part of theoperating syst em? What about thetoolkit that provides access to thestandard drawing capabilit ies and widgets (e. g., Win32 and t heMicrosoft Foundation Classes)? Today, ther eis even a legal debat eabout whet her theweb browser can beconsider ed part of theoperating

** draft of 09/16/99 **

syst em. Further more, thedist inction bet ween thedesign-t imet ools (used for creating theuser int erface) and therun-t imet ools (to execut etheint erface) blur as mor eservices areused by both.

It seems clear that thefacilit ies that areprovided by the^operating syst em~ will continueto expand, and ma ny of thefeatures and tools that this articlediscusses will beincluded in what is called theoperating system, for good or ill.

Someof thecapabilities must beprovided at a very low level. For instance, access to infor mation about theinput, output and communication capabilities of devices must beprovided to t he application soft ware, so it can makeint elligent choices about theuser int erface. For instance,

Windows CE for palm-sizedevices seems t o makeit impossibleto find out what kinds of hardwarebuttons areavailableon thePDA. Another exa mpleis that noneof today´s net working int erfaces makeit possiblefor an application to decidehow fast a connect ion is available. In fact, it is usually impossibleto find out if you areconnect ed at all , so applications freezeup for minut es waiting to seeif thenet wor k might respond, when t heoperating syst emcould easily t ell that themachineis disconnect ed. This is unacceptable. Int erfaces of thefuturewill need t o make int elligent choices based on knowledgeabout thecurrent capabilities of thedeviceand its connections to theenvironment.

Other capabilities might beprovided on top of theoperating syst em, but alternatively might be part of it. For applications to run on a variet y of devices, a portableinfrastructuremust be provided, possibly liket heJava run-timelibrary. Therewill also need to behigh-level protocols for accessing infor mation on distributed files. End-user programming support will beneeded across mult ipleapplications, so this should beprovided in a universally applicablefor m. Ideally, all of t heserequired capabilities will beavailable, but not bundled wit h theoperating syst em.

Moreprogress will bema deif mult iplevendors and research gr oups can compet eto providet he best possiblet ools.

5. Conclusions

Generally, research and innovation in t ools trail innovation in user int erfacedesign, sinceit only ma kes senseto develop t ools when you know for what kinds of int erfaces you arebuilding tools.

Given theconsolidation of t heuser int erfaceon thedeskt op metaphor in thelast 15 years, it is not surprising that tools ha vematured to thepoint wher ecommercial tools havefairly successfully cover ed theimportant aspects of user int erfaceconstruction. It is clear that ther esearch on user int erfacesoft waretools has had enor mous impact on the process of soft waredevelopment.

However, webelieve that user int erfacedesign is poised for a radical cha ngein thenear future,

** draft of 09/16/99 **

primarily brought on by theriseof ubiquit ous computing, recognition-based user int erfaces, 3D and other technologies. Ther efore, we expect to seea resurgenceof int er est and research on user int erfacesoft waretools in order to support thenew user int erfacestyles.

Webelievethat thesenew tools will beor ganized around providing a rich cont ext of infor mation about theuser, thedevices, and theapplication´s state, rather than around events. This will enable end-user programming, recognition-based user int erfaces and thedata sharing needed for ubiquit ous computing. It will beimportant to havereplaceableuser int erfaces for thesame applications to providediffer ent user int erfaces on different devices for ubiquitous computing, and to support customization. This will includehaving a procedural int erfaceto ever ything that can beperfor med by theuser. Werecommend t hat tools aimto havea low thr eshold so they are easy t o use, but still providea high ceiling. Predictability seems to bevery important to programmers, and should not besacrificed to ma kethet ools ^smarter.~ Naturally, themost successful tools will cover themost useful parts of theint erface. All of thesechallenges provide new opportunities and research problems for theuser int erfacetools of t hefuture.

Acknowledgements

Theauthors wish to thank Brad Vander Zanden, Dan Olsen, Rob Miller, Rich McDaniel and t he refer ees for their help wit h this article.

Refer ences

1. 3DTL, ^3D Technology Labs, Phone: (408) 541-8550; Fax: (408) 541-8555; Address: 1243

Rea mwood Ave., Sunnyvale, CA 94089. http://www.3dt l.com/,~ 1999.

2. Apple Comput er Inc., InsideMacintosh. 1985, Addison-Wesley.

3. Bier, E.A., et al. ^ Toolglass and Magic Lenses: The S ee-Through Int erface,~ in Proceedings

SIGGRAPH’93: Computer Graphics. 1993. 25 . pp. 73-80.

4. BioC ontrol Syst ems, ^ BioC ontrol Syst ems, Inc., 2555 Park Blvd., Suite12, Palo Alto, CA

94306. Tel - (650) 329-8494; Fax - (650) 329-8498. http://www.biocontrol.com/ . ~ 1999.

5. Borning, A., ^TheProgramming LanguageAspects of Thinglab; a Constraint-Orient ed

Simulation Laboratory . ~ ACM Transactions on Programming Languages and Systems , 1981. 3 (4) pp. 353-387.

6. Buxton, W., et al. ^Towards a Compr ehensiveUser Int erfaceManagement Syst em,~ in

Proceedings SIGGRAPH’83: Computer Graphics. 1983. Detroit, Mich: 17 . pp. 35-42.

7. Dertouzos, M. and al., e., ^ISAT Summer Study: Gent leSlopeSyst ems; Making Computers

Easier to Use,~ 1992. Present ed at Woods Hole, MA, August 16.

** draft of 09/16/99 **

8. Dey, A.K., Abowd, G.D., and Wood, A. ^ Cyberdesk: A Framework for Providing Self-

Int egrating Cont ext-AwareServices,~ in Proceedings of the 1998 International Conference on

Intelligent User Interfaces (IUI’98). 1998. pp. 47-54.

9. Engelbart, D. and English, W., ^A Research Cent er for Augment ing Human Int ellect .~

Reprinted in ACMSIGGRAPH Video Review, 1994. , 1968. 106

10. English, W.K., Engelbart, D.C., and Ber man, M.L., ^Display Select ion Techniques for Text

Manipulation . ~ IEEE Transactions on Human Factors in Electronics , 1967. HFE-8 (1)

11. Fujitsu, ^Fujitsu Plasma Panel Displays. http://www.fujitsuede.com/products/plasma/01.html,~ 1998.

12. Green, M. ^TheUniversit y of Alberta User Int erfaceManagement Syst em,~ in Proceedings

SIGGRAPH’85: Computer Graphics. 1985. San Francisco, CA: 19 . pp. 205-213.

13. Haartsen, J., et al. , ^ Bluet ooth: Vision, Goals, and Archit ecture . ~ ACM Mobile Computing and Communications Review , 1998. 2 (4) pp. 38-45. Oct. www.bluet ooth.com.

14. Hayes, P.J., Szekely, P.A., and Lerner, R.A. ^Design Alt ernatives for User Int erface

Management Syst ems Based on Experiencewit h COUSIN,~ in Proceedings SIGCHI’85: Human

Factors in Computing Systems. 1985. San Francisco, CA: pp. 169-175.

15. Henderson Jr, D.A. ^TheTrilliumUser Int erfaceDesign Environment,~ in Proceedings

SIGCHI’86: Human Factors in Computing Systems. 1986. Boston, MA: pp. 221-227.

16. Henderson Jr, D.A. and Card, S.K., ^Rooms: TheUseof MultipleVirtual Workspaces to

ReduceSpaceCont ent ion in a Window-Based Graphical User Int erface . ~ ACM Transactions on

Graphics , 1986. 5 (3) pp. 211-243.

17. Hill, R.D., ^Supporting Concurrency, Communication a nd Synchr onization in Huma n-

Comput er Int eraction -- TheSassafras UIMS . ~ ACMTransactions on Graphics , 1986. 5 (3)pp.

179-210.

18. Hill, R.D., et al. , ^TheRendezvous Archit ectureand Languagefor Constructing Multiuser

Applications . ~ ACM Transactions on Computer-Human Interaction , 1994. 1 (2) pp. 81-125.

19. Hudson, S. and King, R., ^A Generator of Direct Manipulation OfficeSyst ems . ~ ACM Trans.

on Office Infomation Systems , 1986. 4 (2) pp. 132-163.

20. Hudson, S.E. and S mith, I. ^Ultra-Lightweight Constraints,~ in Proceedings UIST’96: ACM

SIGGRAPH Symposium on User Interface Software and Technology. 1996. Seattle, WA: pp. 147-

155. http://www.cc. gatech.edu/ gvu/ui/sub_arctic/.

21. Jacob, R.J.K., ^A Specification Languagefor Direct Manipulation Int erfaces . ~ ACM

Transactions on Graphics , 1986. 5 (4) pp. 283-317.

22. JavaSoft, JavaBeans. Sun Microsyst ems, JavaBeans V1.0, 1996, http://java.sun.com/beans.

23. Kasik, D.J. ^A User Int erfaceManagement Syst em,~ in Proceedings SIGGRAPH’82:

Computer Graphics, 16(3). 1982. Boston, MA: 16 . pp. 99-106.

24. Kay, A., The Reactive Engine. PhD Thesis, Electrical Engineering and Comput er Science

University of Utah, 1969, 327.

25. Kieras, D.E., et al. ^GLEAN: A Comput er-Based Tool for Rapid GOMS Model Usability

Evaluation of User Int erfaceDesigns,~ in Proceedings UIST’95: Eighth Annual Symposium on

User Interface Software and Technology. 1995. pp. 91-100.

** draft of 09/16/99 **

26. Koved, L. and Shneider man, B., ^Embedded menus: Selecting it ems in cont ext .~

Communications of the ACM , 1986. 4 (29) pp. 312-318.

27. Kramer, A. ^Translucent Patches: Dissolving Windows,~ in Proceedings UIST’94: ACM

SIGGRAPH Symposium on User Interface Software and Technology. 1994. Marina del R ey, CA:

pp. 121-130.

28. Lasky, M.S., McCracken, H., and Bielski, V., ^Just how helpful are handhelds?~ CNN

Interactive and PC World OnLine , 1998. (September 9) http://cnn.com:80/TECH/computing/9809/09/palmt ops.idg/.

29. Lutz, M., Programming Python. 1996, O’Reilly & Associat es. ISBN: 1-56592-197-6.

http:// www.pyt hon.org/.

30. McCormack, J. and Asent e, P. ^An Over view of theX Toolkit,~ in Proceedings UIST’88:

ACM SIGGRAPH Symposium on User Interface Software and Technology. 1988. Banff, Alberta,

Canada: pp. 46-55.

31. Meyer, B., et al. ^AgeGroup Differ ences in World WideWeb Navigation,~ in SIGCHI’97

Adjunct Proceedings: Human Factors in Computer Systems, Extended Abstracts. 1997. Atlanta,

GA: pp. 295-296.

32. Myers, B.A., ^User Int erfaceSoft wareTools . ~ ACM Transactions on Computer Human

Interaction , 1995. 2 (1) pp. 64-103.

33. Myers, B.A., ^A Brief History of Human Comput er Int eraction Technology . ~ ACM interactions , 1998. 5 (2) pp. 44-54. March.

34. Myers, B.A., et al. , ^Garnet : Compr ehensiveSupport for Graphical, Highly-Int eractiveUser

Int erfaces . ~ IEEE Computer , 1990. 23 (11) pp. 71-85.

35. Myers, B.A., Hollan, J., and Cruz, I., ^Strategic Directions in Human Comput er Int eraction .~

Computing Surveys , 1996. 28 (4) pp. 794-809. December.

http:// www.cs.cmu. edu/~ba m/nsfworkshop/ hcir eport.html.

36. Myers, B.A., et al. , ^TheAmulet Environment : New Models for Effect iveUser Int erface

SoftwareDevelopment . ~ IEEE Transactions on Software Engineering , 1997. 23 (6) pp. 347-365.

June.

37. Myers, B.A., Smit h, D.C., and Horn, B. ^Report of the‘End-User Programming’ Working

Group,~ in Languages for Developing User Interfaces. 1992. Boston, MA: Jones and Bartlett.

pp. 343-366.

38. Myers, B.A., Stiel, H., and Gargiulo, R. ^Collaboration Using MultiplePDAs Connect ed to a

PC,~in Proceedings CSCW’98: ACMConference on Computer-Supported Cooperative Work.

1998. Seattle, WA: pp. 285-294.

39. Negus, K.J., et al. , ^ HomeRF and SWAP : Wir eless Net working for theConnect ed Home .~

ACM MobileComputing and Communications Review , 1998. 2 (4)pp. 28-37. Oct.

www. homerf.or g.

40. Newma n, W.M. ^A Systemfor Int eractiveGraphical Programming,~ in AFIPS Spring Joint

Computer Conference. 1968. 28 . pp. 47-54.

41. Nielsen, J., UsabilityEngineering. 1993, Boston: Aca demic Press.

42. Nielsen, J., Multimedia and Hypertext: the Internet and Beyond. 1995, Boston: Academic

Press Professional. 480.

** draft of 09/16/99 **

43. Olsen Jr., D.R., ^Mike: TheMenu Int eraction Kontrol Envir onment . ~ ACM Transactions on

Graphics , 1986. 5 (4) pp. 318-344.

44. Olsen Jr., D.R. and Dempsey, E.P. ^ Syngraph: A Graphical User Int erfaceGenerator,~ in

Proceedings SIGGRAPH’83: Computer Graphics. 1983. Detroit, MI: 17 . pp. 43-50.

45. Olsen Jr., D.R., et al. , ^Research Directions for User Int erfaceSoft wareTools . ~ Behaviour and Information Technology , 1993. 12 (2) pp. 80-97.

46. Olsen Jr., D.R. and Halversen, B.W. ^InterfaceUsageMeasurements in a User Int erface

Management Syst em,~ in Proceedings UIST’88: ACMSIGGRAPH Symposium on User Interface

Software and Technology. 1988. Banff, Alberta, Canada: pp. 102-108.

47. Palay, A.J., et al. ^TheAndr ew Toolkit - An Over view,~ in Proceedings Winter Usenix

Technical Conference. 1988. Dallas, Tex: pp. 9-21.

48. Pausch, R., et al. , ^Alice: A Rapid Prototyping System for 3D Graphics . ~ IEEE Computer

Graphics and Applications , 1995. 15 (3) pp. 8-11. May.

49. Pausch, R., Conway, M., and DeLine, R., ^Lesson Learned fromSUIT, theSimpleUser

Int erfaceToolkit . ~ ACM Transactions on Information Systems , 1992. 10 (4)pp. 320-344.

50. Pier, K. and Landa y, J., Issues for Location-Independent Interfaces. Xerox PARC, Technical

Report ISTL92-4, 1992, Palo Alt o, CA.

http:// www.cs.berkeley. edu/~la nday/research/publications/LII.ps.

51. Rosema n, M. and Greenber g, S., ^Building R eal TimeGroupwarewith GroupKit, A

GroupwareToolkit . ~ ACM Transactions on Computer Human Interaction , 1996. 3 (1) pp. 66-106.

52. Rosenber g, J., et al. ^X Toolkits: TheLessons Learned,~ in Proceedings UIST’90: ACM

SIGGRAPH Symposium on User Interface Software and Technology. 1990. Snowbird, Utah: pp.

108-111.

53. Rosent hal, D.S.H. ^A SimpleX11 Client Program, or, How Hard Can It Really Bet o Writ e

’Hello World’,~ in Proceedings of USENIX. 1987. pp. 229-233.

54. Rubine, D. ^Specifying Gestures by Example,~ in Proceedings SIGGRAPH’91: Computer

Graphics. 1991. Las Vegas, NV: 25 . pp. 329-337.

55. Schulert, A.J., Rogers, G.T., and Hamilt on, J.A. ^ADM-A DialogueManager,~ in

Proceedings SIGCHI’85: Human Factors in Computing Systems. 1985. San Francisco, CA: pp.

177-183.

56. Shneider ma n, B., ^Direct Manipulation: A Step Beyond Programming Languages . ~ IEEE

Computer , 1983. 16 (8)pp. 57-69. Aug.

57. SmartTech, ^ Smartboards, SMART Technologies, Suite600, 1177 - 11th Avenue S.W.

Calgary, Alberta, Canada, 403.245.0333. http://www.smarttech.com,~ 1998.

58. Streitz, N.A., et al. ^ i-Land: An Int eractiveLandscapefor Creativity and Innovation,~ in

Proceedings SIGCHI’99: Human Factors in Computing Systems. 1999. Pittsburgh, PA: pp. to appear.

59. Suhm, B., Myers, B., and Waibel, A. ^Designing Int eractiveError Recover y Met hods for

Speech Int erfaces,~ in CHI’96 Workshop on Designing the User Interface for Speech Recognition

Applications. 1996.

60. Sukaviriya, P., Foley, J.D., and Griffit h, T. ^A Second Generation User Int erfaceDesign

Environment : TheModel and TheRuntimeArchit ecture,~ in Proceedings INTERCHI’93:

Human Factors in Computing Systems. 1993. Amst erdam, TheNet herlands: pp. 375-382.

** draft of 09/16/99 **

61. Sutherland, I.E. ^ SketchPad: A Man-MachineGraphical Communication Syst em,~ in AFIPS

Spring Joint Computer Conference. 1963. 23 . pp. 329-346.

62. Szekely, P., Luo, P., and Neches, R. ^Beyond Int erfaceBuilders: Model-Based Int erface

Tools,~ in Proceedings INTERCHI’93:Human Factors in Computing Systems. 1993.

Amst erda m, TheNether lands: pp. 383-390.

63. Teit elma n, W., ^A Display Orient ed Progra mmer’s Assistant . ~ International Journal of Man-

Machine Studies , 1979. 11 pp. 157-187. Also Xerox PARC Technical Report CSL-77-3, Palo

Alto, CA, March 8, 1977.

64. Tesler, L., ^TheS malltalk Environment . ~ Byte Magazine , 1981. 6 (8) pp. 90-147.

65. Thomas, J.J., ^Graphical Input Int eraction Technique(GIIT) Workshop Summary .~

SIGGRAPH Computer Graphics , 1983. 17 (1)pp. 5-30. (Summary of first ZBattelleSeattle

UIMS Workshop June2-4, 1982).

66. Tobias, C.L. ^Comput ers and theElderly: A R eview of theLit eratureand Dir ections for

FutureResearch AgeR esearch on Skill Acquisition, Assessment, and Changeand Applications to

Design,~ in Proceedings of the Human Factors Society 31st Annual Meeting. 1987. pp. 866-870.

67. Vander Zanden, B. and Myers, B.A. ^Automat ic, Look-and-F eel Independent Dialog Creation for Graphica l User Int erfaces,~ in Proceedings SIGCHI’90: Human Factors in Computing

Systems. 1990. Seattle, WA: pp. 27-34.

68. Vander Zanden, B.T. ^Constraint Grammars--A New Model for Specifying Graphical

Applications,~ in Proceedings SIGCHI’89: Human Factors in Computing Systems. 1989. Austin,

TX: pp. 325-330.

69. Visix Soft ware Inc., ^Galaxy Application Environment.,~ 1997. (C ompany dissolved in 1998.

Galaxy was bought by Ambiencia Infor mation Syst ems, Inc., Campinas, Brazil, support@ambiencia.com. http:// www.ambiencia.com).

70. Wall, L. and Schwartz, R.L., Programming perl. 1992, Sebastopol, CA: O’R eilly &

Associates.

71. Wasserman, A.I. and Shewmake, D.T., ^Rapid Prototyping of Int eractiveInfor mation

Systems . ~ ACM Software Engineering Notes , 1982. 7 (5) pp. 171-180.

72. Weiser, M., ^SomeComput er ScienceIssues in Ubiquit ous Comput ing . ~ CACM , 1993. 36 (7) pp. 74-83. July.

73. Weiser, M. and Brown, J.S., The Coming Age of Calm Technology. 1996, http:// www.ubiq.com/ hypertext/ weiser/acmfutur e2endnot e. ht m. Revised version of: Weiser &

Brown. "Designing CalmTechnology", PowerGrid Journal, v 1.01, http://power grid. electriciti.com/1.01 (July 1996).

74. Wiecha, C., et al. , ^ITS: A Tool for Rapidly Developing Int eractiveApplications . ~ ACM

Transactions on Information Systems , 1990. 8 (3) pp. 204-236.

75. Winograd, T., A Human-Centered Interaction Architecture. Working paper for theInt eractive

Workspaces Project, Stanford Universit y, 1998, http://graphics.stanfor d.EDU/projects/iwor k/.

76. Worden, A., et al. ^Making Comput ers Easier for Older Adults to Use: Area Cursorsand

Sticky Icons,~ in Proceedings, CHI’97: Human Factors in Computing Systems. 1997. Atlanta,

GA: ACM. pp. 266-271.