REQUIREMENTSFOR MULTIMODAL WIZARD OF OZ PLATFORMSDaniel Salber, Jo�lle CoutazLaboratoire de G�nie Informatique, IMAGB.P. 53 X,38041 Grenoble Cedex, FrancePhone: +33 76 51 44 40, E-mail: salber@imag.fr, joelle@imag.frABSTRACTThe Wizard of Oz (WOz) technique is a mechanism forthe experimental evaluation of user interfaces. It allowsthe observation of a user operating an apparently fullyfunctioning system whose missing services aresupplemented by a hidden wizard. From our analysis ofexisting WOz systems, we observe that this techniquehas primarily been used to study natural languageinterfaces. With recent advances in interactive media,multimodal user interfaces are becoming popular but ourcurrent understanding on how to design such systems isstill primitive. In the absence of generalizable theoriesand models, the WOz technique is an appropriateapproach to the identification of sound design solutions.We show how it can be extended to the analysis ofmultimodal interfaces and we formulate a set ofrequirements for multimodal WOz platforms. The Neimosystem is presented as an illustration of our earlyexperience in the development of such platforms.KEYWORDS: Multimodal interaction, Wizard of Oz,Evaluation techniques.INTRODUCTIONCommunication between the user and the computer hasbeen shown to be significantly enhanced when differentinput media are simultaneously available [17]. There is ahigh potential for systems allowing the use of combinedinput media but our knowledge for designing, building,and evaluating such systems is still primitive. In theabsence of generalizable theories and models, evaluationtechniques and user observation provide ways to improvethe design of interactive systems.In this paper, we focus on the Wizard of Oz (WOz)experimental evaluation technique. We show how thistechnique can be extended to the analysis of multimodalinterfaces and formulate a set of requirements formultimodal WOz platforms. The Neimo system ispresented as an illustration of our early experience in thedevelopment of such platforms.EVALUATION TECHNIQUES AND WOZEvaluation techniquesEvaluation techniques are twofold. They may be based onpredictions from theory or they may rely on experimentaldata.Predictive models and techniques do not require anysystem implementation nor do they need effective users.Examples of such techniques include GOMS [6] and itsrelated models such as CCT [19], theory-based modelssuch as ICS [4], KRI [21], and the "cognitivewalkthrough" method [20]. Their main benefit is toallow user interface evaluation at an early stage of thedevelopment process. However, such predictions rely ontheoretical hypotheses, not on real data. Thus, predictivemodels and techniques may lack precision or they may belimited in scope when the case study (e.g., multimodalinteraction) is not supported by the underlying theory. Inaddition, the setting and interpretation of such models aresometimes complex and as time consuming as aneffective implementation.At the opposite, experimental techniques deal with realdata observed from real users accomplishing real tasks,and operating a physical artefact. Artefacts may be paperscenarios, mock-ups, computer system prototypes, orWizard of Oz systems. A WOz system allows theobservation of a user (i.e., a subject) operating anapparently fully functioning system whose missingservices are supplemented by a hidden wizard. The subjectis not aware of the presence of the wizard and is led tobelieve that the computer system is fully operational.The wizard may observe the subject by any means suchas a dedicated computer system connected to the observedsystem over a network, an internal video circuit, or acombination of both. When the subject invokes afunction that is not available in the observed system, thewizard simulates the effect of the function. Through theobservation of subjects� behavior, designers can identifysubjects� needs when accomplishing a particular set ofrelevant tasks and they can evaluate the particularinterface used to accomplish the tasks.Existing WOz Systems and Lessons LearnedExisting WOz Systems. Most of existing WOz systemshave been primarily developed to study the usage ofnatural languages for retrieval information systems.Telephone information services such as telephonedirectories, flight or train information and reservationservices, have been an interesting field for experiments[12, 23]. The experimental set-up is quite simple: thewizard answers phone calls and pretends callers aretalking to an automatic information system. In order togive callers the illusion that they are actually talking to acomputer, the wizard’s voice is filtered through adistortion system (e.g., a vocoder) that gives the voice arobotic flavour. Questions and answers are tape-recordedfor later manual transcription and analysis. Other case studies involve databases or advisory systemsinterrogation [15, 18, 27] as well as dialogues withexpert systems [9, 22]. All of them aim at collectingvocabulary corpus in order to tune and augment therobustness of spoken or written natural languagerecognizers. To our knowledge, the platform described in[8] is the only documented attempt that supports theobservation of graphical direct manipulation combined tonatural language.Although limited in scope, results from WOzexperiments already form an interesting body ofknowledge about subjects, wizards, and evaluators.Lessons Learned about Subjects. When subjects believethey are talking to a computer, the complexity of thelanguage is much lower than in natural human to humancommunication [9, 10, 23]. The following experimentdescribed in [5] confirms this result: some of the subjectswere told that the computer system was simulated (i.e.,they knew they were interacting with a human being) andother subjects were not aware of the simulation. Thewizard did not know whether the current subject wasaware or not of the �man behind the curtain�; so, thewizard behaved in a consistent way for both types ofsubjects. The results showed remarkable differences in thelanguage used by each category of subjects.Lessons Learned about Wizards. A second interestingresult from WOz experiments is that wizards� tasks,although apparently simple, are cognitively expensive.The realism of the apparatus requires wizard�s actions tobe consistent in content, style, and pace. In particular,¥in similar contexts, a given command from the subjectmust trigger the same behavior from the wizard,¥response time must comply to the subject�sexpectation: if the wizard is too slow at reacting, thesubject may avoid using simulated functions or maybelieve that the system is overloaded.In summary, wizards cannot afford improvisation. Toachieve an acceptable consistent behavior, wizards mustbe trained at well defined tasks, and must be assisted bypowerful tools. To this end, some WOz systems includelimited but useful mechanisms such as a set of predefinedreplies or menus containing prestored parts of answers[7].In order to alleviate cognitive overload, recent studiessuggest a two-wizard configuration where one wizard isspecialized in I/O whereas the second one performs tasklevel processing [1]. The I/O wizard acquires subject’srequests and transmits simulated answers; the task wizardinterprets the requests translated by the I/O wizard andgenerates the answers to be formulated by the I/O wizard.This collaborative task sharing is more likely toguarantee consistency. It doesn’t add noticeably to theresponse time provided that the wizards are appropriatelytrained. Another experiment using a two-wizardconfiguration has proven to be successful [11].Tools for Analysis. The third lesson learned from WOzexperiments is the need for analysis tools that efficientlysupport evaluators�tasks. Manual analysis of a large bodyof data requires expertise and is time-consuming. Whencollected data is recorded electronically, the analysis canbe partly automated. For example, in natural languagedialogues, the use of pronouns can be identified [7] or, asin the Wizard’s Apprentice, the dialogue structure can beanalysed [9]. Although the apparatus described in [16] isnot a WOz platform, it provides a precise searchablerecord of subject�s behavior: events related to graphicalmenus and buttons are captured and aggregated intohigher abstractions, then linked through timestamps tovideotape frames. Although this system tracks directmanipulation actions, the salient features of subjectbehavior must be extracted by hand.In summary, most of existing WOz systems have beendeveloped on a case-per-case basis and support theobservation of one modality only. Similarly, automatedanalysis tools are limited in scope and are rarelyintegrated into the WOz platform from the start.Although [8] is intended for the combined use of graphicsand natural language, the system is limited by technicalconstraints and supports one wizard only. There has beenno attempt to produce a generic, multiwizard, reusableWOz platform that would make possible the observationand analysis of multimodal interaction. With multimodalinteraction, new problems arise with specificrequirements.REQUIREMENTS FOR MULTIMODAL WOZPLATFORMSRequirements for multimodal WOz platforms can bedefined from the users� perspective (i.e., the wizards andthe evaluators) as well as from the software point ofview. Before discussing these issues, we must introducethe notion of multimodal interaction.Multimodal InteractionMultimodal interaction is characterized by the possibilityfor a user to exploit multiple communication channels. Itrequires the system to represent and manipulateinformation at multiple levels of abstraction includingthe dynamic maintenance of meaning in the task domain[3, 14].As discussed in [3, 14], multimodal interaction may becharacterized along two dimensions:¥the temporal use of modalities (i.e., communicationchannels) which can be sequential or concurrent,¥the level of fusion between modalities: modalities maybe used in a combined way (e.g., the �put that there�paradigm) or used independently.The usage of multiple modalities along the fusion andtemporal constraints have direct implications on softwaredesign as well as on users. The wizard is one such user.Requirements from the Wizards� PerspectiveFrom the wizard�s perspective, multimodality increasesthe complexity of the task as well as informationbandwidth.

Task Complexity. In a traditional WOz system, the wizardsupplements a single missing service such as theinterpretation of typed natural language. Within aninteraction where the subject can use multiple modalitiesconcurrently, the wizard must simulate more complexfunctions such as the synergistic combination ofmodalities. Thus, the wizard must have available veryefficient means for observing the subject. As shown byearly experiments in face-to-face communication, internalvideo circuits are not accurate enough to track everyoneof the subject�s actions [13]. Clearly, the wizard musthave a dedicated computer of his own. The computer isless prone to tracking failure than the human wizard and,as discussed above, it can provide ready for use answersor encapsulate elementary subject actions into higherabstractions such as commands.Information Bandwidth. In a multimodal system, thesubject has many ways for providing inputs. The samesemantic content may take multiple forms. Thus, theamount of information to be conveyed to the wizard islikely to be much more important than in a traditionalsystem. The required input processing bandwidth maybecome too high for a single wizard and may result ininconsistent behavior with respect to content, form, andresponse time. Thus a multiwizard configuration seems areasonable way to go.Multiwizard Configuration. With a multiwizardconfiguration, the difficulty is to organize thecollaboration between the wizards in a way thatguarantees consistent behavior. Ideally, the workloadshould be equally distributed among the wizards.However, the workload is difficult to estimate a priorisince it heavily depends on the subject’s behavior. Inthese conditions, it should be possible for the wizards todynamically change their respective roles. In addition, wefeel the need for a specialized wizard who would act as asupervisor. This superwizard would not accomplish anyregular wizard task but would regulate wizards� behavior,monitor the session, and make proper decisions in case ofsystem malfunction.Task allocation among wizards has not been investigatedor reported in the literature. Although we know that itdepends on the peculiarities of the experiment, we areworking on a set of general features that could help insupporting task distribution. For example, we have founduseful to structure a typical wizards� task in three steps:acquisition, interpretation, and formulation.¥acquisition consists of analyzing the message issued bythe subject, and of extracting the relevant informationin the problem space,¥interpretation corresponds to the task level problemsolving in the domain,¥formulation covers the form and emission of an answerto the subject.Modelling a wizard�s task as a three step process suggeststhe allocation of a combination of steps to differentwizards. The I/O wizard and the task wizard discussedabove are one such possibility. However, when multiplemodalities have to be combined, the fusion processrequires an extra acquisition step that complements theacquisition over each communication channel. In thiscase, it might be wise to define a specialized wizard forperforming the fusion of multiple modalities.Requirements from the System PerspectiveThe overall property of a platform for multimodal WOzexperiments is performance and flexibility. In turn,flexibility covers configuration issues as well as softwarecommunication protocol.Performance. As discussed above, the wizard is animportant element in response time conformance.However, if the system is slow, the wizard cannotcompensate the flaw. Thus the system has to provide theeffective foundations for efficiency.Configuration Flexibility. Configuration flexibility is theability of the system to support a variable number ofwizards as well as a variety of I/O devices. Multiplewizards, each equipped with a dedicated computer, arerecommended when task overload must be shared.Consequently, a WOz platform should be envisioned as amultiprocessor distributed system. In addition, amultimodal WOz system should be flexible enough toaccept new interaction devices. The adjunction of a newdevice should simply result in the implementation of amodule that would allow the subject to use the newmodality and let the wizards track, interpret and simulateits operation. By doing so, devices that are not yetsupported by the software under test could beconveniently simulated by a wizard.Communication Protocol Flexibility. In an ordinary WOzsystem, communication between the subject’s computerand the wizard’s computer is a major issue. In amultimodal WOz system, this point is even more criticalfor two reasons. First, such a system may requiremultiple wizards with multiple workstations possiblyexchanging information with each other. Second, ageneric multimodal WOz platform requires that theinformation exchanged over the communication channelsmust be of any level of abstraction. As an illustration,consider the design of a drawing program wheremodalities available to the subject are mouse pointingand voice-enabled commands. Designers should be able toperform the following experiments:¥in the very first step, the tested program wouldimplement mouse gestures only, and voice recognitionwould be performed by wizards. In this experiment,low level events should be transmitted to the wizards�workstation (e.g., mouse movement in terms of �x,y�coordinates along with the replication of the subject’sutterances).¥in a further development stage, the program would beenhanced with a speech processing system. Events of ahigher level of abstraction such as the recognizedsentence and the identification of the selected object,should be sent to the wizards� computer.This example shows the need for a flexiblecommunication protocol, allowing communicationbetween the subject and the wizard systems, as well ascommunication between the wizards. This protocolshould also be flexible enough to allow easytransmission of any level of information, from low-leveluser events up to high-level information of any kind.

Requirements for Evaluators: Analysis ToolsA long-term goal for multimodal WOz systems is toinclude computerized automatic evaluation tools. Thisobjective, however, still requires theoretical research. Inthe short run, it is realistic to provide an integrated wayto retrieve and manipulate data collected during theexperiment. With this perspective in view, we proposethe following requirements:¥data should be collected on the same physical support;a support that allows recording from different mediasand that offers great flexibility is a computer file.Since we intend to have a fully-computerized WOzsystem, integration of all history data into computerfiles is a natural choice.¥data should be correctly and automatically synchronizedto allow real time replay and analysis.¥automatic processing should be used wheneverpossible; for example, if speech is recorded in historydata, detection of syllables should be performedautomatically while analyzing the history data.¥a powerful filtering mechanism should be available toprovide an efficient way to reduce the amount of data tobe analyzed, or to allow focussing on a particularaspect of the experiment. For example, in the case ofthe voice-controlled drawing program, one should beable to focus on the choice of modalities used fordrawing new objects; the analysis tool would locate theinstants of the session where the subject decided todraw a new object and would display the modalitiesused.¥statistical computations on history data should also beintegrated. For example, one would be able to detectand study �maximal repeating patterns� from thesubject�s behavior [25].NEIMO, A MULTIMODAL WOZ PLATFORMBased on the requirements described above, we havedesigned and developed Neimo, a WOz platform toobserve and analyze multimodal interaction [2]. Thissection presents the system configuration used in Neimoto conduct our current experiments as well as thesoftware organization and kernel services provided tosupport WOz requirements.System ConfigurationAs shown in Figure 1, the hardware configuration ofNeimo consists of a workstation for the subject, andseveral wizard workstations. Modalities currentlysupported are: 2D-pen gesture, speech, and facialexpressions [26]:¥pen gesture recognition is based on Rubine�s work[24]. A "pen wizard" controls the correctness of therecognition and supplies interpretation for ambiguousgestures.¥speech recognition and interpretation is simulated by adedicated "speech wizard". Subject’s utterances aredigitized and saved in history files using a sounddigitizing board.¥a CCD camera is focussed on the subject�s face andconnected to a video acquisition board. The "facewizard" can observe the subject�s face digitized in realtime and interprets facial expressions. The result of theinterpretation may be recorded and/or transmitted toother wizards to help them in their task.Our first test application is the simulation of an"electronic paper calculator": the subject draws anarithmetic operation on the tablet and the result isautomatically computed and displayed. The pen wizardchecks that the drawn numbers have been accuratelyrecognized by the system. To do this, the pen wizard canobserve the drawn figures in a window of his own, clicka button in a dialog box to validate the result, or, ifrecognition has failed, type in the correct value. The facewizard detects specific facial expressions that will be usedas a redundant or complementary information for furtherevaluation. Simple commands such as "new blank page"or �erase all�, can be expressed with voice and aresimulated by the speech wizard.

the SubjectSpeech WizardFace WizardPen WizardFigure 1. A typical Neimo hardware configuration.Software OrganizationAs shown in Figure 2, a Neimo configuration consists ofa Neimo kernel and of several client programs. In turn,the Neimo kernel includes a communication kernel,NeimoCom, and specific libraries that allow clientprograms to exchange information through NeimoCom.Clients are the application under test and the wizardsoftware. We claim that this organization is necessary tosupport the flexibility and performance requirementspresented above.NeimolibraryNeimolibraryNeimolibraryWizard ClientsNeimoComHistoryFilesNeimolibraryApplicationclientFigure 2. The software components of the Neimoplatform. Dimmed areas denote the common servicesprovided by Neimo; white areas represent specificcomponents within client programs.

NeimoCom. NeimoCom is the communication controlcenter of the platform. All of the messages exchangedbetween client programs transit through this dispatcher.This approach has multiple advantages. First,NeimoCom can be used to determine the time-base forthe whole system. Consequently, messages are time-stamped in a consistent way. Second, it can recordpertinent information in history files. Third, it can handlenetwork-related errors and failures. Finally, it canarbitrate possible conflicts between clients and managethe dynamicity of the whole system in a consistent way.In particular, it can dynamically support any number ofwizard clients. This feature allows human wizards tocome into play when needed during an experiment.Neimo libraries. Neimo libraries provide client programswith access to the communication services.Communication is handled through messages. A messageis a time-stamped container. It has a sender client andpossibly multiple receivers. Its type, i.e., the format ofthe content, is client-defined. More precisely, Neimosupports a set of standard message types for utilityfunctions and usual modalities, but application-specificor modality-specific messages can also be defined. Thismechanism guarantees the flexibility of the platform andallows for future evolution.On the application client side, the library allows theapplication under test to send and receive messages, aswell as saving information in history files. Sincemessage types are client-defined, these can be of any levelof abstraction. On the wizards side, the library providesthe following services:¥reception of messages from the application under test.A dynamic subscription mechanism allows the wizardclients to express their interest in specific categories ofmessages. For example, the speech wizard client wouldsubscribe to the speech message type in order toreceive the subject�s utterances. Note that the abilityfor wizard clients to dynamically subscribe to messagetypes allows human wizards to change roles during theexperiment.¥emission of messages to the application under test.These messages may then be interpreted by theapplication client as operations to be performed. Thisfacility allows human wizards to remotely control theobserved application.¥saving interesting information into history files, e.g.,the result of the interpretation of facial expressions, orwizards� actions if wizards� behavior needs to beanalyzed.¥exchange of messages between wizards. Up to now,only a Unix talk like exchange tool has been designedto allow the communication of short typed messages.We plan to provide wizards with the ability toexchange audio and video messages.The wizard clients. As shown in Figure 2, each humanwizard is attached to a wizard client program that suitshis specific needs. Specific modules can be plugged ontoa wizard program to provide specific services. Everymessage type sent by the application program under testhas a corresponding module in one of the wizards’programs. For example, the speech wizard programincludes a speech module that processes speech messages;it allows the wizard to hear the subject�s utterances andperform a set of possible actions in response to a spokencommand. A wizard program can accept many plugged-inmodules that allow the human wizard to play multipleroles at once or successively during the session.Analysis of History DataAs emphasized above, the analysis of recorded data is aheavy task. The Neimo platform provides fundamentalservices from which sophisticated analysis tools may bedeveloped. These services come in the form of a library,the �history library�, that allows the manipulation ofhistory files.History files collect and synchronize messages recordedduring the Neimo experiments. Since message types areclient-defined, history files must be processed by theclients that are aware of these types. The history libraryallows client programs to read and perform selectivebrowsing operations within history files. Selectivebrowsing is achieved using the �view� mechanism. Aview acts as a filter on history files. It is defined by atemporal window of interest (i.e., a start and stop date),an origin that specifies the source of the recordedmessages (i.e., wizard or subject), and a list of themessage types of interest (e.g., face and speech). Theview mechanism allows for the dynamic specification ofthe region of interest discarding irrelevant information.A Few TechnicalitiesThe Neimo system runs on Apple Macintosh Quadrasconnected through an Ethernet network. It is written in Cand C++, and is developed with MPW (MacintoshProgrammer’s Workshop) and MacApp [28], an object-oriented application framework. Communication relieson Apple Events [29], a powerful high-level inter-application communication protocol introduced by Applewith System 7. History files use a QuickTime-basedformat; QuickTime [30] is an extension provided byApple for manipulating and storing time-based data fromdifferent medias. The wizard clients take advantage ofDinker [31], a dynamic linking facility for applicationswritten with MacApp. Implementation of the Neimosystem on other platforms (Sun, NeXT) is currentlyunder study.CONCLUSION AND PERSPECTIVESWe have defined a set of requirements for multimodalWOz platforms. With Neimo, we have shown how theserequirements can be fulfilled within software design. Thegenericity and extensibility of the Neimo platformconstitutes a unique attempt in the domain of the WOztechnique. In particular, it is characterized by thefollowing interesting properties:¥messages from different medias are processed andrecorded in a uniform way within a common time-base.This integration provides a sound basis for buildinghistory files and defining useful operations such as theview filter mechanism;¥message formats are client-defined. This facility allowsNeimo experimenters to define the granularity and thelevel of abstraction of the information to be recordedranging from low-level events such as mouse clicks, tohigh-level commands and facial expressions;

¥messages are automatically broadcasted and dispatchedaccording to their type and the subscriptions made bythe wizard clients;¥wizard clients are provided with flexible services suchas the dynamic subscription to message types, thedynamic connection to the kernel, and the possibilityto record human wizards� actions. This flexibilitymakes it possible to test multiple configurationsincluding a varying number of wizards possiblychanging roles dynamically.Two major areas however need further investigation.First, the organization of the wizards’ tasks requires a lotof testing and experiments. The design of the Neimoplatform is intended to test multiple configurations fromwhich we plan to identify a set of rules that would helpconfigurate wizards’ operations most efficiently. Second,the tools for analyzing history files must be enhanced inorder to reach higher levels of abstraction with fullautomation (e.g., detection of subject�s intention, andusability problems). As a first step in this direction, weare currently developing a critique which, from recordedsubject�s actions, detects behavioral patterns anddeviations from a data flow-oriented task model [3].ACKNOWLEDGEMENTSThis work has been supported by project ESPRIT BR7040 AMODEUS as well as by the ProgrammeCogniscience of the CNRS, France. We would like tothank B. Noz and G. Ambone (LGI) for theirparticipation in the design and development of the Neimoplatform. J. Caelen (ICP, Grenoble), R. Amalberti andC. Valot (CERMA), J-M Francony and E. Kuijpers(CRISS, Grenoble) were kind enough to share their skillsand experiences.REFERENCES1.R. Amalberti and C. Valot: "Le Magicien d’Oz",CERMA, 1992.2.G. Ambone, B. Noz, D. Salber: "Projet Neimo,Sp�cifications Externes", internal technical report,�quipe IHM, LGI-IMAG, 1992.3.S. Balbo, J. Coutaz and D. Salber: "TowardsAutomatic Evaluation of Multimodal UserInterfaces", Workshop on Intelligent User Interfaces’93.4.P.J. Barnard, �Cognitive Resources and the Learningof Humnan-Computer Dialogs�, in InterfacingThought, Cognitive Aspects of Human-ComputerInteraction, J.M. Carroll Ed., MIT Press Publ.,1987, pp.112-1585.S.E. Brennan: "Conversation as DirectManipulation: An Iconoclastic View", in The Art ofHuman-Computer Interface Design, B. Laurel ed.,1990.6.S.K. Card, T.P. Moran and A. Newell: "ThePsychology of Human-Computer Interaction",Lawrence Erlbaum Associates, 1983.7.N. Dahlb�ck and A. J�nsson: "Empirical studies ofdiscourse representations for natural languageinterfaces", Fourth Conference of the EuropeanChapter of the ACL, proceedings 291-8 1989.8.N. Dahlb�ck, A. J�nsson and L. Ahrenberg: "Wizardof Oz studies � why and how", Third Conference onApplied Natural Language Processing, Trento, Italy,31 march�3˚april 1992.9.D. Diaper: "The Wizard’s Apprentice: A Program toHelp Analyse Natural Language Dialogues", Peopleand Computers V, proceedings of the 5th Conferenceof the British Computer Society, 1989.10.P. Falzon: "Ergonomie Cognitive du Dialogue",Presses Universitaires Grenobloises, 1989.11.J.-M. Francony, E. Kuijpers and Y. Polity:"Towards a methodology for Wizard of Ozexperiments", Third Conference on Applied NaturalLanguage Processing, Trento, Italy, 31 march�3˚april 1992.12.N. Fraser, N. Gilbert and C. McDermid: "The Valueof Simulation Data", Third Conference on AppliedNatural Language Processing, Trento, Italy, 31march�3˚april 1992.13.R.S. Fish, R.E. Kraut, R.W. Root: "EvaluatingVideo as a Technology for InformalCommunication", in the CHI�92 ConferenceProceedings, ACM Press Publ., 1992, pp. 37-4814.A. Gourdol, L. Nigay and D. Salber: "MultimodalSystems: Aspects of Event Fusion and aTaxonomy", IFIP Congress ’92 Proceedings, Madrid.15.R. Guindon and K. Schuldberg: "Grammatical andUngrammatical Structures in User-AdviserDialogues; Evidence For Sufficiency of RestrictedLanguages in Natural Language Interfaces toAdvisory Systems", proceedings of the 25th AnnualMeeting of the Association for ComputationalLinguistics.16.M.L. Hammontree, J.J. Hendrickson, B.W. Hensley,�Integrated Data Capture and Analysis Tools forResearch and Testing on Graphical User Interfaces�,in the CHI�92 Conference Proceedings, ACM PressPubl., 1992, pp. 431-43217.A.G. Hauptmann: "Speech and Gesture for GraphicImage Manipulation", CHI ’89 Proceedings, pp.241-245.18.A. J�nsson and N. Dahlb�ck: "Talking to AComputer is Not Like Talking To Your BestFriend", Proceedings of the Scandinavian Conferenceon Artificial Intelligence ’88, pp. 53-68.19.D. Kieras, P.G. Polson: �An Approach to theFormal Analysis of User Complexity�, InternationalJournal of Man-Machine Studies, 22, 1985, pp. 365-39420.C. Lewis, P. Polson, C. Wharton, J. Rieman:"Testing a Walkthrough Methodology for Theory-Based Design of Walk-Up-and-Use Interfaces", CHI’90 Proceedings, pp. 235-241.21.J. L�wgren and T.Nordqvist: "A Knowledge-BasedTool for User Interface Evaluation and its Integrationin a UIMS", Human-Computer Interaction�INTERACT ’90, pp. 395-400.22.Y. Polity, J.-M. Francony, R. Palermiti, P. Falzon,S. Kazma: "Recueil de dialogues homme-machine enlangue naturelle �crite", Les Cahiers du Criss, n� 17,1990.23.M. Richards & K. Underwood: "How Should Peopleand Computers Speak to Each Other", Proceedingsof Interact ’84 � First IFIP Conference on Human-Computer Interaction, pp. 268-273.24.D. Rubine: "The Automatic Recognition ofGesture", Ph.D Thesis, School of Computer

Science, Carnegie-Mellon University, CMU-CS-91-202, 1991.25.A. Sochi & D. Hix, �A study of Computer-Supported User interface Evaluation Using MaximalRepeating Patern Analysis�, in Proceedings of theCHI�91 Conference, ACM Press, pp. 301-305,1991.26.M. Turk and A. Pentland: "Eigenfaces forrecognition", Journal of Cognitive Neuroscience,Vol. 3, No. 1, pp. 71-86, 1991.27.S. Whittaker and P. Stenton: "User Studies and theDesign of Natural Language Systems", FourthConference of the European Chapter of the ACL,proceedings 291-8 1989.28.MacApp Programmer’s Manual, Apple ComputerInc.29.The Event Manager, in New and Improved InsideMacintosh, Apple Computer Inc.30.QuickTime Reference Guide, QuickTime CD, AppleComputer Inc.31.Dinker User’s Manual, E.T.O. #7 CD, AppleComputer Inc.