Hearing Aid: Adding Verbal Hints to a LearningInterfaceElizabeth StoehrMedia LaboratoryMassachusetts Institute of TechnologyCambridge, MA 02139, USA+1-617-225-6516liz@mit.eduHenry LiebermanMedia LaboratoryMassachusetts Institute of TechnologyCambridge, MA 02139, USA+1-617-253-0315lieber@media.mit.edu

"Hold picture"

"Keep size"

never be perfect. Like a human student, a learningsystem sometimes misunderstands the teacher.Suppose the user defines the command gen-ex, using theprogramming by demonstration system Mondrian(Figure 1). The user modifies the original rectangle,shown at top left of Figure 1, to create an L-shape (topright). The system could use one of manyinterpretations when applying the gen-ex definition on anew rectangle (shown lower left of Figure 1). The top Lis constructed proportional to the new rectangle. Themiddle preserves the width of the vertical leg and theheight of the horizontal. In the last, (the width of firstleg) : (height of second leg) ratio created in the definitionis repeated in each new L. All three are validinterpretations.

Fig. 1:Top: The user demonstrates how to createan Lfrom anoriginal rectangle. Bottom: Shows how Mondrian couldpotentially translate gen-ex into a multitudeof differentlyshapedL’s.

L-Shape

Originalrectangle

New rectangle

DifferentinterpretationsTo alleviate this confusion, a system designer often willhardwire a single interpretation into the learningmechanism. Alternately, the user may be given theability to choose one interpretation from a list of manygeneralizations. Learning systems which can producedifferent generalizations from the same input are said tohave dynamic bias. This allows the same keystrokecombinations to be adapted differently depending on asecond command. Unfortunately, choosing aninterpretation can interfere with the demonstrationprocess itself. Past attempts to allow multipleinterpretations often included large tables or menus fromwhich a user selected a specific generalization. Thesemenus can become so large that they are more confusingthan helpful. A typical example from Kurlander’s andFeiner’s Chimera system [3] follows (Figure 2).

Fig. 2: The menu specifies different interpretations forDavid Kurlander’s and Steven Feiner’s Chimera system.

Click at (27, 52)Click at (112, 52)and Drag to (149, 217)

Remember-Action

Remember-Point

Draw a rectanglefrom the left top corner of the first argument, toa point 1/3 of the width of the first argument, and whoseheight is 165 pixels

Mouse input

Context of graphical objects

Speech input

"Maintain height"

Fig. 3: Information from the mouse, the graphical editor, and the speech recognizer together describe the user’sprocedure. The Mondrian learning mechanism selects the appropriate interpretation through Hearing Aid’sverbal constraints.The pixel positions of the start and end point of the dragoperation, the color, and the name are sent to a group of"Remember Functions" that generalize the data intoCLOS code.To determine size, Mondrian’s generalization processdepends on its interactive graphical context. Whenconstructing gen-ex’s first leg, Mondrian notices that thestart point of the drag is approximately the same as theupper left corner of the defining rectangle. To apply thecompleted definition to a new rectangle, however, theupper left corner of the new rectangle is used instead.Without Hearing Aid, Mondrian’s generalization processwould be "hardwired" to interpret the object’s height andwidth are remembered as proportions of the definingobject. When recalled, the definition produces an objectwith the same proportions to the calling rectangle’s usedin the defining process.Hearing Aid Adds Multiple InterpretationsHearing Aid influences Mondrian’s learning mechanismby changing how Mondrian remembers objects or actions(Figure 3).For example, the Mondrian function, "remember-point-on-object" translates a point’s pixel position into a keyvertex: left-top or right-bottom. Each vertex is drawn inreference to an object within the graphical editor. Todetermine height or width, "remember-point-on-object"first specifies a vertex on the reference object. The sizeis a product of the reference object’s height or width andthe distance between the new vertex and the referencevertex.In one scenario, Hearing Aid adds the interpretations"maintain height", "maintain width", and "double height"to Mondrian’s generalization vocabulary. Thesecommands alter how remember-point-on-objectfunctions. The two maintain commands rememberheight or width as equal to the defining object’s sizerather than a proportion. Independent of the size of therecalling object, "maintain as" definitions will generateobjects with the same height or width used in thedefining process. The double-height generalizationmultiplies whatever proportional distance remember-point-on-object generates by two.Spoken Commands Select InterpretationsSimple vocal commands were chosen that could beapplied to multiple situations (Figure 4). Thecommands constrain which facets of an object or actionthe user expects Mondrian to remember when re-applyinga user’s demonstration. The verbal advice is veryincomplete. For example, the commands, "maintainheight," "maintain width," and "double height," constrainHearing Aid’s size definition. The specific height orwidth attributes, however, must be specified by mouse orkeyboard.

Fig. 4: This is one Hearing Aid vocabulary,expressed as Plaintalk speech macros. Thissimple vocabulary deals with size constraints.

"MaintainHeight"

"DoubleHeight"

Fig. 5A: Top: The defining rectangle. Middle: themaintain height interpretation showing the M marker.Bottom: the double height interpretation showing thedouble lines symbolThe completed definition is applied to a new callingrectangle. Three rectangles of different sizes result(Figure 5B).

.

Fig. 5B: The completed definition is applied to a newobject. The 3 generated rectangles were described bythe same mouse commands but different verbalcommands.A MORE PRACTICAL SCENARIO: PICTURECONSTRUCTIONThis scenario deals with a more realistic problem thanthe rectangle example. A user is given a group ofdifferently sized car pictures. The goal is to blendseparate sections of these pictures together into oneuniformly sized car.The application takes advantage of Hearing Aid’s abilityto store information and use multiple input techniques.If rectangle dimensions can be stored, so can size,graphics, and text information. A mouse drag operationencircles the area of a graphic from which Mondrianmust glean information. A concurrent spoken commandtells Mondrian which information is important. Later,the pieces of information are manipulated with a verbalcommand to create an entirely new picture.Mondrian has a primitive for picture composition, called"New Part." New Part selects an area of a picture andapplies rectangle characteristics to it. This "picture-part"can be moved, selected, resized etc. Hearing Aid endowsNew Part with the ability to store information about thepicture’s size or its graphic. The verbal commands,"keep size" and "hold picture" differentiate the two typesof storage.

"Keep size"

Fig. 6: The Hearing Aid constraint, "keep size," causesthis New Part call to store the picture-part’s size.

"Hold picture"

Fig. 7: The Hearing Aid verbal constriant, "hold picture," causesNew Part to save the graphic information of this picture-part.The user then says "hold picture" and selects the sedancar’s front (Figure 7). A similar update command storesthe graphic information of the picture-part. Thisgeneralization causes the learning mechanism toremember that the "hold picture" constraint must beapplied to this New Part call.

To shrink the large sedan car’s graphic to fit the smallerstation wagon’s size constraint, we added a new commandto Mondrian called Patch. The Patch command is unique.It cannot be invoked without a speech command.Each of three input methods, keyboard/mouse alone,keyboard/mouse and speech, and speech alone, is optimalin different situations. While Hearing Aid focuses onkeyboard/mouse and speech dual input, Patchexperiments solely with speech input. Patch tellsMondrian how to merge two pieces of information thatMondrian already has stored. A keyboard/mousecommand, which normally specifies location or liststextual information, is unnecessary. Here, a speechcommand is not a replacement for keyboard/mouse input,but the most efficient way to signal a predefined process.To construct the composite picture-part, the user says"patch" and clicks on some area of the defining object(title photo). The click is necessary to jump start theMondrian learning mechanism. The patching processmay be repeated to create a collage of picture parts. Aftersaving, the definition can be called later to patch togetherother car pictures.In the L-shape example, the user selects differentmethods of remembering length with verbal commands.Similarly, Hearing Aid alters New Part’s function toinclude graphic information storage as well as graphicselection. Hearing Aid modifies how an action and anobject is remembered by Mondrian’s learningmechanism.PROBLEMS WITH SPEECH RECOGNITIONFirst, Hearing Aid is hampered by the flaws of currentspeech recognizers. Presently, a user must wait forHearing Aid to recognize each spoken command, send thecorrect command to Mondrian, and wait for Mondrian’sresponse. As an experimental model, the wait is notexcessive, but it would be cumbersome in the workplace.New technology may be the only solution. With moresophisticated recognition programs that have largervocabularies and quicker response times, oral commandscould become more accurate and the wait less obvious.Second, an oral vocabulary can grow too large to useeasily. To foster interactive programming sessions, oralcommands should be simple, so the user can recall themfrom his or her own memory. Narrow definitions forspecific applications should be built from broad"building block" commands the user creates.Speech recognizers have an unfortunate tendency torecognize extraneous speech. Commands need to bechosen that will not trigger a computer response by dayto day "office talk." On/off switches that separateHearing Aid from normal work times may preventactivation of unwanted interpretation commands during adesign process.RELATED WORKSeveral programming by demonstration systems havetackled the multiple generalization problem. DavidKurlander’s and Steven Feiner’s Chimera [3] is anexample based graphical editor which allows multiplegeneralizations for its learning process. Chimerachooses what it believes is the most likelygeneralization. The user may override the computer’sdecision by selecting the correct interpretation from atext list. A visual display of the demonstration session’shistory allows a user to redefine a generalization at anypoint in the process. Although effective, Chimeracauses a user to search a list of generalization commandswith a mouse, potentially causing the "interfacegridlock" we were trying to avoid.Daniel Halbert’s SmallStar [2] applies programming bydemonstration techniques to the office system, Xeroxstar. When learning a definition, it creates a datadescription sheet listing the patterns the learningmechanism finds important. If the user feels that it isstudying the wrong information, the user can change itslearning technique by updating the data sheet. BecauseMondrian deals with simpler processes than office mailflow, its generalization process could be influenced in amore step-by-step fashion.David Maulsby [5] implemented a facility for speechhints to generalization in a graphical editor, Moctec.Maulsby’s system provided a rich vocabulary thatincluded hints like "pay attention to..." and "ignore..." toindicate salience of graphical properties. This was theonly other system where speech input affected thegeneralization process. However, Moctec was aninteractive mockup rather than a full programming bydemonstration system.Closest to our work was that of Alan Turransky [6], whoused speech to specify an interpretation of position, alsoas an extension to Mondrian. It specified where to placelines around a textual string (Figure 8, compare toFigure 3). The system was implemented with VoiceNavigator, a single-word, speaker-dependent speechrecognizer.

Click at (27, 52)Click at (112, 52)and Drag to (149, 217)

Mouse input

Remember-Action

Remember-Point

Context ofgraphical objects

Speech input

"Align left"

Turransky’sspeech inputsystem

Click at (27,52)Click at (139, 74)and Drag to (114, 237)

Intent

Fig. 8: In Turransky’s vocal application to Mondrian,voice input changes mouse input rather than affecting theactual generalization process.In Turransky’s system, voice input immediately affectedthe graphical objects. The coordinates were modifiedbefore passing them to Mondrian’s learning mechanism,but Turransky’s system did not change the generalizationprocess itself. While useful, it changed the raw materialthe learning mechanism "observed". Our goal was toguide Mondrian’s learning mechanism with multiplegeneralizations.FUTURE WORKJust as programming by demonstration systemsmanipulate simple graphical objects to create morecomplex definitions, they could potentially build morecomplex verbal commands. For example, oneinterpretation may remember a rectangle’s height versusits color, or a picture’s size rather than its graphic.Armed with a small vocabulary of possible constraints,Mondrian could learn more complex vocal commandssuch as "double maintained height" by observing theuser’s vocal actions. Because the interpretations wouldbe designed by the user, the complexity could not gobeyond what he or she understands. This preservesMondrian’s simplicity while giving a new adaptiveability to its learning process.SPEECH RECOGNITION ENHANCES (NOTREPLACES) MOUSE COMMANDSMulti-modal systems like Hearing Aid can help a userfeel more at ease with computer communication. In ourinteraction with other people, we are used to using bothverbal and visual means of communication. Furthermore,the verbal and visual modes interact, since people talkabout things they see, and show others objects they talkabout. By contrast, most computer activities, such aselectronic mail or programming, are limited to the singlemode of typed text.Even in many other applications of speech recognitionthat we have seen, speech and visual modes rarelyinteract. Speech recognition has served primarily as asubstitute for typing or icon selection. With a responsivespeech recognizer, this can help a user significantly.However, we are interested in the ability of voice toperform tasks that are difficult for a keyboard alone.In addition to speech input, Mondrian also uses speechoutput. Mondrian contains a set of narration functionsthat verbally describe the user’s actions during the entiredefinition. Combining the visual design processconstrained by verbal commands with a narration of theprocess accented by visual markers, creates an essentialverbal and visual feedback loop.Also, supplementing a simple command with a secondinterface allows more complex commands to evolve froma few. The system is kept simple because bothvocabularies are small. However, the language can adaptto many applications because commands are created bymerging new combinations of verbal and keyboardcommands. For programming by demonstration to betruly useful in the real world it needs the ability to adaptto more complex tasks, and speech recognition hasproven effective in increasing the power and flexibility ofthe interface.ACKNOWLEDGMENTSSupport for this work comes in part from research grantsfrom Alenia Corp., Apple Computer, ARPA/JNIDS, theNational Science Foundation, and other sponsors of theMIT Media Lab.REFERENCES1.Cypher, Allen. Bringing Programming to EndUsers. Watch What I Do: Programming byDemonstration. Allen Cypher ed. MIT Press,Cambridge, MA 1993.2.Halbert, Daniel. Smallstar: Programming byDemonstration in the Desktop Metaphor. WatchWhat I Do: Programming by Demonstration. AllenCypher ed. MIT Press, Cambridge, MA 1993.3. Kurlander, David and Feiner, Steven. A History-BasedMacro by Example System. Watch What I Do:Programming by Demonstration. Allen Cypher ed.MIT Press, Cambridge, MA 1993.4. Lieberman, Henry. Mondrian: A Teachable GraphicalEditor. Watch What I Do: Programming byDemonstration. Allen Cypher ed. MIT Press,Cambridge, MA 1993.5. Maulsby, David. Instructible Agents. PhD Thesis.University of Calgary, 1994.

6.Turransky, Alan. Using Voice Input toDisambiguate Intent. Watch What I Do:Programming by Demonstration. Allen Cypher ed.MIT Press, Cambridge, MA 1993.