CHI’95 workshop on formal specification of user interfaces, Denver (Colorado), USA, April 1995CHI’95 Workshop onFormal Specification of User InterfacesPosition paperTITLE: FORMAL SPECIFICATION OF MULTIMODALITYAUTHORS :Laurence Nigay, Francis Jambon, Jo�lle CoutazLaboratoire de G�nie Informatique (IMAG)BP 53, 38041 Grenoble Cedex 9, France{laurence.nigay, francis.jambon, joelle.coutaz}@imag.frABSTRACT :We propose two topics for discussion at the workshop and describe one of our contributions to the field. Oneactivity relevant for the workshop would be to classify current formalisms and provide recommendations forusing a particular class of notations given a goal and a specific development context. The second issue toconsider is the difficult problem of interoperability between notations. Our contribution to the field covers theformal definition of properties useful for characterizing multimodal interactive systems in terms of design,usability and implementation.CV’S : THE POSITION PAPER WILL BE PRESENTED BY LAURENCE NIGAYLaurence Nigay is a Ma�tre de Conference (Assistant Professor) at the University Joseph Fourier where shereceived her Ph.D. in 1994. She is a researcher in the group �Engineering for Computer Human Interaction� atLGI-IMAG. In summer 1992, she was a scientific visitor at Carnegie Melon University where she developed anearly experience with multimodal interactive systems using speech and direct manipulation. In 1993, she hasbeen accepted to present her Ph.D. work at the INTERACT�93 doctoral consortium. She participates to theAmodeus ESPRIT Basic research project since 1989 and is a member of the Working Group 2.7 of IFIP since1992. In France, she is part of the research group �Multimodal man-machine communication� of the nationalprogramme PRC Man-Machine Communication. In 1994, Laurence Nigay won the prize Best Youngresearcher� awarded by the City of Grenoble.Francis Jambon is a Ph.D. student in the group �Engineering for Computer Human Interaction� at LGI-IMAG.His research interest includes predictive usability testing of critical groupware systems. He is in charge of theworking group "Formalisms for User Interfaces" in the national programme PRC Man-MachineCommunication.Jo�lle Coutaz is Professor of Computer Science at Universit� Joseph Fourier Grenoble, France, and director ofthe group �Engineering for Computer Human Interaction� at Laboratoire de G�nie Informatique (LGI-IMAG).She has authored two books in the domain of man-machine interface as well as more than 40 articles ininternational conferences and journals. She has given tutorials in user interface software design in internationalconferences such as ESEC, ICSE, EuroGraphics, Interact, and International IFIP Conferences. She is member ofthe Working Group 2.7 of IFIP. In France, she has created the research group �Multimodal man-machinecommunication� of the national programme PRC Man-Machine Communication. She is also member of theCNRS research group Cogniscience.

1FORMAL SPECIFICATION OF MULTIMODALITYLaurence Nigay, Francis Jambon, Jo�lle Coutaz,Laboratoire de G�nie Informatique (IMAG)BP 53, 38041 Grenoble Cedex 9, France{laurence.nigay, francis.jambon, joelle.coutaz}@imag.frKEYWORDS: Multimodal interaction, complementarity, assignment, redundancy,equivalence, usability.ABSTRACT: We propose two topics for discussion at the workshop and describe one ofour contributions to the field. One activity relevant for the workshop would be to classifycurrent formalisms and provide recommendations for using a particular class of notationsgiven a goal and a specific development context. The second issue to consider is thedifficult problem of interoperability between notations. Our contribution to the field coversthe formal definition of properties useful for characterizing multimodal interactive systemsin terms of design, usability and implementation.1.˚INTRODUCTIONFormal specification of user interfaces is anemerging area of research. Although promising, thisdomain appears like a mosaic of approaches whichcalls for structure. The multiplicity of approachesand notations is quite acceptable but users of formaltechniques need to know which notations to use fora particular design goal in a specific developmentcontext. One way of structuring the "formal notationspace" is to consider the software developmentprocess and, for each step, identify the appropriatecandidates relative to some criteria (purpose,coverage, readability, etc.).Given a formal notation space, we need then toconsider the interoperability between notations.Clearly, in user interface design the �one notationfits all� principle is not conceivable. Each scientificcommunity involved in the development of aninteractive system should be able to keep itspreferences for better performance but thesepreferences should be expressable in termstransferable to other partners. It is our belief thatmechanisms that insure the interoperability betweenexisting notations is one concrete way for bridgingthe gap between developers and designers withdifferent background, and also for avoiding loss ordistorsion of information through the developmentprocess.At LGI, we have developed Siroco, an object-oriented conceptual model of the interactionsupported by a specification language [10]. A Sirocodescription is compiled to produce an executableuser interface on top of Motif. Siroco is one of thefirst model-based rapid prototyping tools like UIDEand Humanoid. Recently, we have deviated fromusing formal specifications for user interfacegeneration to consider predictive evaluation. Weare currently studying predictive evaluation forcritical situations in groupware [4] as well as formultimodal interaction. This paper focusses on ourcontribution to the formal definition of propertiesthat characterize the usage of modalities within auser interface.2. MULTIMODALITYMultimodal user interfaces support interactiontechniques which may be used sequentially orconcurrently, and independently or combinedsynergistically [7]. Novel aspects of interactionsmust be considered, such as the fusion and fission ofinformation, and the nature of temporal constraintson the interactions. Numerous formal notations arededicated to user interface design including the FSM(Formal System Modelling) analysis [3], the LIMapproach (Lotos Interactor Model) [12] or morerecently the ICO formalism based on Petri Nets[11]. Although they consider temporal constraints,these formalisms do not cover the specifics of newinteraction technology such as multimodal userinterfaces.In this paper, we propose a notation to formalize theCARE properties as a simple way of specifying andassessing aspects of multimodal interaction: the

Complementarity,

Assignment,

Redundancy, and

Equivalence that may occur between the interaction

2techniques available in a multimodal user interface.Equivalence expresses the availability of choicebetween multiple modalities while assignmentdesignates the absence of choice. Redundancy andcomplementarity go one step further by consideringthe combined used of multiple modalities undertemporal constraints. Redundancy is defined by theexistence of redundant information specified alongdifferent modalities and complementarity ischaracterized by cross modality references.Our motivation for formalizing the notion ofmultimodality in terms of the CARE properties istwo-fold:1- Multimodal interaction is complex andunderspecified. New concepts are emerging andexpressed informally [5]. As observed in [6], theimprecision of informal definitions opens the way tointerpretation, errors and omissions. In order tocommunicate effectively with designers andimplementers, we have defined some of thedimensions of multimodality in an unambiguousway.2- Formal specifications can help designers todiscover inconsistencies and usability problemsbefore the interface is developed. They also makeexplicit the consequences on softwareimplementation. In this article we will consider theusability issues of the CARE properties.Implications on software design are discussed in[9].The next section provides the formal definitions forthe CARE properties. In the last section, we use thenotion of compatibility between user preferencesand system properties to show how the CAREproperties interact with user modelling and predictusability during system design.3.˚CONCEPTS AND FORMAL DEFINITIONS:THE CARE PROPERTIESThe formal expression of the CARE properties relieson the notions of state, goal, modality, and temporalrelationships that are crucial concepts to definemultimodality.A state is a vector of observables, that is, a set ofproperties that can be measured at a particular timeto characterise a situation. A goal is a state that anagent intends to reach. An agent, e.g., a user, or thesystem, or a component of the system, is an entitycapable of initiating the performance of actions.A modality is an interaction method that an agentcan use to reach a goal. To model the expressivepower of a modality m, that is, its capacity to allowan agent to reach state s’ from state s in one step, weuse the function Reach(s,˚m,˚s’). A sequence ofsuccessive steps (or states) is called an interactiontrajectory.A temporal relationship characterises the use overtime of a set of modalities. The use of these modal-ities may occur simultaneously or in sequencewithin a temporal window, that is, a time interval.Alternatively, only one modality from a set may beused. Let Pick(s,˚m,˚s’) be a predicate that expressesthe use of m among a set of modalities to reach s’from s.Modalities of a set M are used simultaneously (or inparallel) if, within a temporal window, they happento be active at the same time. Let Active (m, t) be apredicate to express that modality m is being used atsome instant t. The simultaneous use of modalitiesof a set M over a finite temporal window tw can beformally defined as:Parallel (M, tw) � (Card (M) > 1) � (Duration(tw)„ ¥) � ($t˛tw Æ "m˛M Æ Active (m, t))where Card (M) is the number of modalities in setM, and Duration(tw) is the duration of the timeinterval tw.Sequential events may have to occur within atemporal window to be interpreted as temporallyrelated. If they occur outside this window, then theymay be interpreted differently. Modalities M areused sequentially within a temporal window tw ifthere is at most one modality active at a time, and ifall of the modalities in the set are used within tw:Sequential (M, tw) � (Card (M) >1) � (Duration(tw)„¥) � ("t˛tw Æ ("m, m’˛M Æ Active(m, t) �´Active(m’, t)) � ("m˛M Æ $t˛tw Æ Active(m, t))Temporal windows for parallelism and sequentialityneed not have identical durations. The importantpoint is that they both express a constraint on thepace of the interaction. For example, using multiplemodalities simultaneously may be appropriate forthe user but may require extra processing resourcesfrom the system side or imply a specific softwarearchitecture [9]. The absence of temporal constraintsis treated by considering the duration of thetemporal window as infinite.

3m1m2...mn

TRss’TWTgFigure 1: A notation for expressing CARE properties.Figure 1 shows the relationships between theconcepts used in CARE: an agent having reachedstate s, may have (or has) the goal g to reach state s’by means of the non-empty set of modalitiesM={m1, m2 ... mn}. These modalities are linked bytemporal relationship TR (TR::=||‰;‰1, forparallelism, sequentiality, and selection of oneinteraction technique respectively), and constrainedby a temporal window TW (TW::=<interval>‰¥).The symbol T at the upper left denotes the CAREproperty (T::=C‰A‰R‰E).Equivalence: Modalities of set M are equivalent forreaching s’ from s, if it is necessary and sufficient touse any one of the modalities. M is assumed tocontain at least two modalities. More formally:Equivalence (s, M, s’) � (Card(M) >1) � ("m ˛ MReach (s, m, s’))Equivalence expresses the availability of choicebetween multiple modalities but does not imposeany form of temporal constraint on them.Assignment: Modality m is assigned in state s toreach s’, if no other modality is used to reach s’ froms. In contrast to equivalence, assignment expressesthe absence of choice: either there is no choice at allto get from one state to another, or there is a choicebut the agent always opts for the same modality toget between these two states. Thus we can definetwo types of assignment:StrictAssignment (s, m, s’) � Reach (s, m, s’) � ("m’˛ M. Reach(s, m’,s’) � m’=m)AgentAssignment (s, m, M, s’) � (Card(M) >1) �("m’ ˛ M. (Reach (s, m’, s’) � (Pick (s, m’, s’)) �m’=m) )Redundancy: Modalities of a set M are usedredundantly to reach state s’ from state s, if theyhave the same expressive power (they areequivalent) and if all of them are used within thesame temporal window, tw. In other words, theagent shows repetitive behaviour without increasingits expressive power:Redundancy (s, M, s’, tw) � Equivalence (s, M, s’)� (Sequential (M, tw) � Parallel (M, tw))Complementarity: Modalities of a set M must beused in a complementary way to reach state s’ fromstate s within a temporal window, if all of them mustbe used to reach s’ from s, i.e., none of them takenindividually can cover the target state. To expressthis adequately, we need to extend the notion ofreachability to encompass sets of modalities:REACH(s,M,s’) means that state s’ can be reachedfrom state s using the modalities in set M.Complementarity (s, M, s’, tw)� (Card(M) >1) � (Duration(tw)„ ¥) �("M’˛PM (M’„M � ´REACH (s, M’, s’))) �REACH (s, M, s’)� (Sequential (M, tw) � Parallel(M, tw))Deictic expressions, including the "put that there"paradigm, are examples of complementarity. Asource of complexity for software designers is thatdistinct actions produced within the same temporalwindow through different modalities are notnecessarily complementary. Elsewhere [8] [9] wedescribe how these issues can be supportedconsistently through a reusable softwaremechanism.To be complete, we need to discuss issues ofcoverage and refinement. Coverage is defined bythe set of states for which a particular propertyholds. Coverage of a property over states can beused as a metric for assessing consistency. TheCARE properties can also be applied at multiplelevels of refinement for examples in terms ofdevices and interaction languages, as well as interms of goals [8].Designers can exploit the recursive nature of thedefinition of CARE to reason about multimodality atthe appropriate level. For example, in the early stageof the life cycle, one may reason at a coarse grain toflesh out the most salient requirements aboutmultimodality. Once the system is designed, onemay need to go into more details to make soundpredictive assessments. Once the system isimplemented, effective use of the system can beobserved and interaction traces may be analyzed atfairly low level of details. In all of thesecircumstances, the CARE properties apply.4. USABILITY ASSESSMENTAs explained in [2], the CARE properties of thecomputer system have a counterpart incorresponding properties of the user: the User-CARE properties. As with the system CARE

4properties, the user properties are concerned withthe choice between different modalities forcommunicating with the computer.The compatibility conditions between CARE andUser-Care properties are defined in [2]. Thoseconditions define the way in which CARE and userCARE-like properties interact in the design of thecomputer system. They provide a framework whichputs the computer and the user on an equal footing,and within which the concrete circumstances of aparticular design can be fleshed out to guide theassessment of usability. An important conclusion isthat neither the properties of the system alone, northose of the user alone, determine usability. Systemmodelling can determine the properties of thesystem, but to understand those of the user, andhence usability, we need to turn to user modellingsuch as the Programmable User Modelling [1].5.˚CONCLUSIONIn this paper we have proposed two topics fordiscussion at the workshop and described one of ourcontributions to the field. One activity relevant forthe workshop would be to classify currentformalisms and provide users withrecommendations for using a particular class ofnotations in a given development context. Thesecond issue to consider is the difficult problem ofinteroperability between notations.REFERENCES[1]Blandford, A. and Young, R. M. (1993).Developing Runnable User Models:separating the problem solving techniquesfrom the domain knowledge.People andComputers VIII, Cambridge University Press.[2]Coutaz, J., Nigay, L., Salber, D., Blandford,A., May, J. and Young, R. (1995). Four EasyPieces for Assessing the Usability ofMultimodal Interaction:The CARE properties.To appear in Proceedings, INTERACT’95,Norway.[3]Duke, D. and Harrison, M. (1993). AbstractInteraction Objects. Computer GraphicsForum. 12,3 . Conference Issue: Proc.Eurographics�93.[4]Jambon, F. & Karsenty, L. (1994).Formalisation des interfaces et travailcoop�ratif : quelles cons�quences? Actes de laconf�rence IHM�94, Lille, d�cembre 1994, pp.163-168.[5] Martin, J.-C. (1994). Cadre d’�tude de lamultimodalit� sur les types et buts decoop�ratrion entre modalit�s. Proc. Interfaceto Real&Virtual Worlds, EC2 Publ., 97-106.[6]Moreira A., Clark, R. (1994). CombiningObject-Oriented Analysis and FormalDescription Techniques. Proc. ECOOP’94,Springer-Verlag, 344-364.[7]Nigay, L. & Coutaz, J. (1993). A design spacefor multimodal interfaces: concurrentprocessing and data fusion. Proc. InterCHI�93ACM: New York, 172-178[8]Nigay, L. (1994). Conception et mod�lisationlogicielles des syst�mes interactifs:application aux interfaces multimodales, PhDdissertation, Grenoble University.[9]Nigay, L. & Coutaz, J. (1995). A GenericPlatform for Addressing the MultimodalChallenge. To appear in Proceedings CHI�95ACM: New York.[10]Normand, V. & Coutaz, J. (1992). Unifyingthe Design and Implementation of UserInterfaces through the Object Paradigm,ECOOP’92, O. Lehrman Madsen Ed., pp. 153-169.[11]Palanque P., Bastide R. (1995). Verification ofan Interactive Software by Analysis of itsFormal Specification. To appear inProceedings, INTERACT’95, Norway.[12]Paterno, F. and Faconti, G. (1992). On the Useof LOTOS to Describe Graphical Interaction.In People and Computers VII, Proc HCI�92.Cambridge University Press, 155-173.