Kline is exploring the oten tial of real time anal- ysis of nonsp eec audio input from the en viron- men t, coupled with \secondary" sp eec harac- teristics suc as in ection, pauses and monoton to allo the computer to exp erience its orld listening to it in uc the same umans do. etter explore oth informational enco ding in sound and user erception of concurren audio pre- sen tations, app has implemen ted protot yp (and as et unnamed) system whic allo ws the same ob ject to represen ted in arious auditory structures includ- ing sp eec h, earcons, and auditory icons (real orld sounds). When clien application requests that an ob ject displa ed, the ailable system ho oses one of the represen tations but ma then ossibly alter it efore presen tation to the user. Decisions ab out when (in time) and in whic form an auditory ob ject is to displa ed are based up on consideration of parameters suc as latency priorit and user preferences. Although in tended for ultimedia systems de- signed for the general user comm unit en visage that meta widgets will pla an esp ecially cen tral role in future assistiv tec hnology systems. Th us, Wise presen ted an erview of his ork this past summer at the 18th Ann ual Conference of the Rehabilitation Engineering So ciet of North America (RESNA) in ancouv er. urthermore, Glinert (together with Shi{ Kuo Chang of the Computer Science Departmen in the Univ ersit of Pittsburgh) is organizing orkshop on the topic \Adaptiv Multimedia ec hnologies for eople with Disabilities" in San rancisco in conjunc- tion with CM’s MUL TIMEDIA’95 conference. Pro ject References Publications generated during the past ear include the follo wing: 1. Ephraim P. Gliner (modera tor), Meera M. Bla ttner, Shi{Kuo Chang and vid J. Kur- lander: Visual Languages and Programming in the ear 2004 (panel osition pap er). In Pr c. 1994 IEEE Symp osium on Visual anguages (VL’94) St. Louis, Octob er 4{7, pp. 162{166. 2. Meera M. Bla ttner, Alber L. app and Ephraim P. Gliner t: Sonic Enhancemen of Tw Dimensional Graphic Displa ys. In uditory Dis- play: Soni�c ation, udi�c ation and uditory In- terfac es (Gregory Kramer, Editor), pp. 447{470. San ta Institute Studies in the Sciences of Com- plexit olume XVI I. Addison esley Publishing Co., Reading (Mass.), 1994. 3. Meera M. Bla ttner: In Our Image: In terface Design in the 90’s. IEEE Multime dia (1):15{26, 1994. 4. Richard L. Kline and Ephraim P. Gliner t: Im- pro ving GUI Accessibilit for eople with Lo Vi- sion. In Pr c. 12th CM SIGCHI Conf. on Human actors in Computing Systems (CHI’95) Den er, Ma 6{11, pp. 114{121. 5. Alber L. app and Meera M. Bla ttner: Cen tralized Audio Presen tation Manager. In Pr c. 2nd International Conf. on uditory Display (ICAD’94) pp. 231{237. San ta Institute Studies in the Sciences of Complexit San ta Institute, 1995. 6. G. Bo wden Wise and Ephraim P. Gliner t: Meta widgets for Multimo dal Applications. In Pr c. 18th Conf. of the ehabilitation Engine ering So ciety of North meric (RESNA’95) ancouv er (Canada), June 9{14, 1995, pp. 455{457. 7. Jo quim A.P. Jor ge and Ephraim P. Gliner t: Online arsing of Visual Languages using Adjacency Grammars. In Pr c. 1995 IEEE Computer So ci- ety Symp osium on Visual anguages (VL’95) Darm- stadt, Septem er 5{9, 1995, pp. 250{257. 8. Meera M. Bla ttner: Multimedia In terfaces: De- signing for Div ersit app ear in Multime dia Systems and Applic ations (Bork urh t, Editor). Klu er Academic Publishers, Bo ca Raton, 1995. 9. Meera M. Bla ttner and Andre D. Milot a: Multimo dal In terfaces using en and oice Input. In Pr c. IEEE International Conf. on Systems, Man and Cyb ernetics ancouv er, Octob er 1995. Related Program Areas and oten tial Pro jects An one of the six program areas �t ell with the Meta widgets pro ject. art of the ork men tioned is with sp eec comm unication, particularly dialogue mo dels and ho they are in tegrated with other mo dal- ities. Nonsp eec audio has een cen tral to the ork Blattner and her studen ts are doing for the last ten ears. Glinert is leader in the �eld of computers for those with disabilities and sev eral curren pro jects are in this area of researc h. The meta widgets team mak es usabilit studies of the protot yp ed pro jects, in particular, Blattner has sev eral studen ts (not men- tioned ab e) that are using con textual design and ethnographic metho ds for in terviewing users. These and other tec hniques used in uman factors analysis can used in studying meta widgets as ell. these represen tations. Meta widgets naturally de�ne an ob ject orien ted hierarc according to the yp of information they are designed to con ey to the user. The ys in whic information pac ets can manifest themselv es in giv en en vironmen comprise second ob ject orien ted hierarc in whic there is oten tial ultiple inheritance of prop erties relating to eac of the sensory mo dalities that the en vironmen is capa- ble of stim ulating. The meta widget team of six mem ers from the Univ ersit of California, Da vis (UCD), and Rensse- laer olytec hnic Institute (RPI). The uniform hard- are platform for all ork describ ed ab consists of en tium{based IBM PC’s or compatibles. eam mem ers are in email comm unication; six of them (Meera M. Blattner, UCD; Ephraim Glinert, RPI; Ric hard L. Kline, RPI; Andre D. Milota, UCD; Al- ert L. app I, UCD; and G. Bo wden Wise, RPI) met at CHI ’95 in Den er where extensiv discussions ere held. Kline, Milota, app, and Wise are do c- toral studen ts at their resp ectiv institutions. An- other team mem er, Joaquim A.P Jorge, RPI, re- cen tly completed his dissertation. 2.2 The Arc hitecture of Meta widgets Wise has de�ned and iterativ ely re�ned the funda- men tal arc hitecture of meta widgets based systems. He has also written detailed sp eci�cations for the ari- ous core soft are comp onen ts of suc systems, includ- ing the resource consumption monitor, the presen ta- tion manager, the ultimo dal presen ter libraries, and the user preferences �les. The resource monitor is resp onsible for determin- ing the con tribution to the total cognitiv load imp osed eac application running in the en- vironmen t. The tric ky part is to measure those attributes whic are meaningful in terms of eo- ple, et whic ma not coincide with ev en ts eas- ily detectible or alues readily ailable to the computer. The presen tation manager’s task is to assure that the information on displa is distributed appro- priately among the sensory mo dalities so that the user do es not ecome erloaded. In some cases this will necessitate the transformation of infor- mation to an alternativ mo dalit y; the system is exp ected to handle suc hores in transparen manner. Both of these to ols will run in the bac kground and co- exist with user meta widget applications. Eac meta w- idget con tains set of represen tations (usually in dif- feren mo dalities) and metho ds to select among them. 2.3 Meta widgets for en and oice In parallel with this e�ort, Jorge extended his ork on the use of gestures and en based input, and as able to obtain signi�can results (b oth in terms of con- cepts and algorithms) relating to the use of gestural input. In particular, he has dev elop ed fast incre- men tal parsing algorithm for broad class of visual \languages" whic con tain no erlapping elemen ts. The algorithm is based on the concept of adjacency grammars, where adjacencies are de�ned so as to en- compass oth spatial and logical constrain ts. Mea- surably e�cien online parsing of diagram{lik input, with observ ed linear run times for large (visual) sen- tences, is ac hiev ed. Other erful recognition algo- rithms are based on ideas deriv ed from fuzzy logic, whic allo ws Jorge to quan tify degrees of am biguit and imprecision in visual sen tences in more mean- ingful than is ossible using crisp form ulations. In his scribble system, Milota is in estigating the com bined and complemen tary use of sp eec and ges- tures (via en) for input. The goal is to understand the mec hanisms that, at least for certain application classes, allo us to ac hiev results sup erior to those at- tainable using either input mo dalit alone, et adapt- ing eac mo dalit to the con text of its en vironmen t. scribble is natural language with limited cabu- lary com bined with gesture to comm unicate with the computer. Eac command or query has sev eral dif- feren forms. Whenev er ossible, one of these is purely gestural ersion and another pure oice er- sion. arious com binations of the mo dalities are also pro vided where appropriate. 2.4 Meta wigets and Audio app and Kline are oth exploring asp ects of aural input. app is seeking to understand ho can con- curren tly presen ultiple information items au- rally so that those whic are \more imp ortan t" receiv suitable prominence er those whic are \less imp ortan t" without obscuring them alto- gether. He plans to use suc kno wledge as foundation for designing new and e�ectiv aural to olkits for meta widgets MUL TIMOD AL COMPUTING ENVIR ONMENTS: THEOR AND APPLICA TIONS (NSF Con tract #IRI 9213823) Meera M. Blattner Ephraim Glinert Pro ram Area Adaptiv Human In terfaces Ke ords and Phrases ultimo dal displa spaces; ultimo dal displa algorithms; ultimo dal UIMS; meta widgets, en and oice; en systems; earcons; audio managemen t. Area Bac kground Multimedia systems try to tak adv an tage of uman senses to facilitate our comm unication with one an- other or with the computer. The desire to ac hiev natural and expressiv in teraction has giv en rise to man input devices that transform uman expression, suc as gaze, oice, gesture, to bits and ytes. ul- timo dal in terface exploits di�eren user senses, suc as touc h, hearing, and seeing. The greatest inno ations in hardw are and soft are dev elopmen to da stem from adv ances in our un- derstanding of the ys eople use computers. The hanging fo cus of in terface dev elopmen has shifted researc from erceptual and motor issues to cogni- tiv issues cen tered on learning and using systems. Multimedia in terface dev elop ers face the additional problems of in tegrating media and designing mo dels for time{v arying systems. First author’s con tact information: Univ ersit of Cal- ifornia at Da vis La wrence Liv ermore National Lab ora- tory Liv ermore CA 94550; blattner@llnl.gov Second author’s con tact information: Departmen of Computer Science, Rensselaer olytec hnic Institute, ro NY 12180; glinert@cs.rpi.edu Pro ject Summary 2.1 In tro duction The proliferation in recen ears of erful and af- fordable in terface tec hnology has led to ushro om- ing in terest in so{called ultimo dal or ultimedia en- vironmen ts. Exploration of this new and erful yp of en vironmen is still in its infancy In partic- ular, attempts to rigidly allo cate certain output to the visual hannel or to the audio hannel will not ac- commo date users’ cognitiv requiremen ts. Some users need to accommo date disabilities. Conditions in the orkplace often imp ose limitations on what kinds of output are acceptable. Users can �nd it di�cult to understand certain information when it is presen ted in the \wrong" mo dalit Viewing the visual hannel alone as one extreme of con tin uous sp ectrum and the audio hannel alone as the other, users should able to con trol the prop or- tion of information they are receiving via eac h, and erhaps its nature as ell. Indeed, real{w orld ob jects (whic will imp ortan in virtual realities) can and do undergo metamorphoses. Some can normally heard but not seen (e.g., the engine in our car as driv e), while others can seen but not heard (e.g., the telephone erc hed on our desk). Ho ev er, when lift the car’s ho can see the engine; when the phone rings can hear it. So, as the ork session progresses, it ust ossible for oth system and user to revise the initial hoice of displa mo dalit for giv en information, as conditions ma dictate. Observ ations suc as these led us recen tly to pro- ose new class of ob jects in the in terface called metawidgets These are abstractions of the widgets with whic are familiar, in that they are clusters of alternativ represen tations for some \information pac et" (e.g., men u, graph, an image, an icon, etc) along with built{in metho ds for selecting among