Multiple representations of navigable worldsCODATA Euro-American Workshop Visualization of Information and DataLaurence Nigay, Fr�d�ric VernierLaboratoire CLIPS_IMAGBP 53, 38041 Grenoble Cedex 9, FRANCE+33 4 76 51 44 40{Laurence.Nigay, Frederic.Vernier}@imag.fr http://iihm.imag.fr/nigay, http://iihm.imag.fr/vernierINTRODUCTION: DESIGN METHODOur work focuses on the design of visualization andinteraction techniques for large information spaces. Ourdesign approach is based on a conceptual study of usersand their tasks [4]. To face the diversity of users and taskswe adopt an interaction-centered approach and focus onnavigation tasks. Based on the characteristics ofnavigation, we develop ergonomic criteria that need to besatisfied by the designed navigational techniques. One ofthe criteria, representation multiplicity, is crucial in orderto accommodate the diversity of needs. We illustraterepresentation multiplicity with our own system,VITESSE [7, 10] that runs on the WWW. In the designmethod, the last step before coding, is softwarearchitecture modeling. In the context of VITESSE, wedemonstrate the suitability of our architectural modelPAC-AMODEUS for representation multiplicity.CHARACTERISTICS OF NAVIGATION ANDERGONOMIC CRITERIAFigure 1 shows our framework to characterize navigation.It underlines the spatial activities involved in navigation.Additionally the time dimension has also been shown tobe crucial [3]. Space and time strategies define intertwinedcharacteristics involved in navigation.PathLocationLocomotion meansPastPresentFuture

Figure 1: A framework to characterize navigation.In [1] we provide a structured classification of ergonomiccriteria to guide the design of interactive systems. Basedon our framework to characterize navigation, we selectedthe ergonomic criteria that should be verified by thedesigned navigational techniques. One of the criteria isrepresentation multiplicity.REPRESENTATION MULTIPLICITYRepresentation multiplicity involves flexibility ofinformation space rendering in order to face the diversityof user’s characteristics and tasks. Multiple representationsbetter support different tasks. Representation multiplicityrelies on output multimodality: In [5, 6] we define amodality as the coupling of a physical device d with arepresentational system r: <d, r>. Here we illustrateoutput multimodality using the same device (i.e., thescreen) and multiple representations of the navigationalspace. Representation multiplicity must be distinguishedfrom "interactive" externalizations [8] in which features ofthe data are made salient as and when required ("filtering"approach). Representation multiplicity and "interactive"externalizations are two complementary approaches forfacing the diversity of user’s tasks. Based on thecharacteristics of navigation, we developed three designrules related to the representation multiplicity criterion:R1. Easy to change visualization.R2. Continuity while changing visualization.R3. Reusability of the navigational tools.THE VITESSE SYSTEM:Visualizing the World Wide WebAs shown in Figure 2, VITESSE visualizes the results ofa query submitted to a search engine on the WWW. Figure3 illustrates the representation multiplicity criterion inVITESSE. The user can freely switch from onevisualization to another one (R1). Animation is computedto guarantee visual continuity between views (R2) and thesame navigational tools are provided at any time (R3).The definition of a view is based on the followingdistortion function d [2]:

d(x) = x (x_2 + z_2 )(r_2 − (z− o)_2 )+ z_2 (z− o)_2 + z(z− o) x_2 + z_2

The viewing algorithm handles planar and/or polartransformations on both the X and Y-axes.Transformations can be d, as defined above, d-1(transformation reciprocal) or a combination of functions.We applied the PAC-Amodeus software architecture modelfor the software design of VITESSE. In [9], we show howto verify the three design rules of the representationmultiplicity criterion within the PAC-Amodeuscomponents.CURRENT WORKWe are currently preparing experiments for evaluating themultiple representations. We will evaluate the VITESSEsystem based on particular scenarios. The independentvariables or factors of the experimental design are themultiple views. The experiment will be carried out on theWWW using CGI scripts to capture user’s events.In one research avenue we will further exploit outputmultimodality to enhance visualization and navigation.Multiple representation is one case of multimodalityusing one output physical device (i.e., the screen). Weenvision the use of different output modalities (bothmultiple representations and devices). For example inVITESSE we are developing dynamic sonic landmarks:sonic landmarks vary according to the focus of the user.

Figure 2: A snapshot from the VITESSE system.CONTRIBUTION TO THE WORKSHOPTo provide a better understanding of the following:¥Design method of visualization techniques andinteraction techniques.¥Ergonomic criteria of interaction techniques.¥Multimodality (design spaces and softwarearchitecture models).¥Representation multiplicity of large informationspaces and its software architecture.REFERENCES1.G. Abowd, J. Coutaz, L. Nigay. Structuring theSpace of Interactive System Properties. IFIPTransactions A-18, Engineering for the Human-Computer Interaction, 1992, 113-128.2.V. Hovestadt, O. Gramberg and O. Deussen.Hyperbolic user interface for computer aidedarchitectural design. Proc. of CHI�95, 304-305.3.J.D. Mackinlay, G.R. Robertson, S.K. Card. Theperspective wall: Detail and context smoothlyintegrated. Proc. of CHI ’91, 173-179.4.P. Mulhem and L. Nigay. Interactive InformationRetrieval Systems: From User Centered InterfaceDesign to Software Design. Proc. of SIGIR’96, 326-334.5.L. Nigay, J. Coutaz. A design space for multimodalinterfaces: concurrent processing and data fusion.Proc. of InterCHI�93, 172-178.6.L. Nigay, J. Coutaz. A Generic Platform forAddressing the Multimodal Challenge. Proc. ofCHI’95, 98-105.7.L. Nigay and F. Vernier. Navigable worlds. CHI’97Workshop on Navigation in Electronic Worlds,http://iihm.imag.fr/nigay/WK-NAVIGATION.8.L. Tweedie. Characterizing InteractiveExternalizations. Proc. of CHI�97, 375-382.9.F. Vernier and L. Nigay. Repr�sentation Multipled�une Grande Quantit� d�Information. Submitted toIHM’97.10.VITESSE http://iihm.imag.fr/vernier/Vitesse.html.

(d) (e) (f)Figure 3: Representation multiplicity of the information space in VITESSE. (a) Planar transformation (b) Polartransformation (c) Planar transformation on the X-axis and polar transformation on the Y-axis (d) Planar transformationon the X-axis and reciprocal polar transformation on the Y-axis (e, f) Combinations of distortion functions.