1Starfield Information Visualization with Interactive Smooth ZoomingNinad Jog� and Ben Shneiderman*Human Computer Interaction LabInstitute for Systems ResearchUniversity of MarylandCollege Park MD 20742-3255 USAe-mail: ninad@visix.com, ben@cs.umd.edu� Current address: Visix Software, Inc. Reston, Virginia.* Department of Computer ScienceABSTRACTThis paper discusses the design and implementation of interactive smooth zooming of a starfielddisplay (which is a visualization of a multi-attribute database) and introduces the zoom bar, a newwidget for zooming and panning. Whereas traditional zoom techniques are based on zooming towardsor away from a focal point, this paper introduces a novel approach based on zooming towards or awayfrom a fixed line.Starfield displays plot items from a database as small selectable glyphs using two of the ordinalattributes of the data as the variables along the display axes. One way of filtering this visualinformation is by changing the range of displayed values on either of the display axes. If this is doneincrementally and smoothly, the starfield display appears to zoom in and out, and users can track themotion of the glyphs without getting disoriented by sudden, large changes in context.KEYWORDSstarfield display, smooth zooming, animation, zoom bar, dynamic queries, information visualization,focal line.INTRODUCTIONExploring large multi-attribute databases is greatly facilitated by presenting information visually. Thenusers can dynamically query the database using filtering tools that cause continuous visual updates at arate of at least 15 frames per second [5]. Such dynamic query applications typically encode multi-attribute database items as dots or colored rectangles on a two-dimensional scatter gram, called astarfield display, with ordinal attributes of the items laid out along the axes.Geographic applications arise as natural candidates for dynamic queries by representing latitude andlongitude along the axes - thereby making the starfield display a map of locations. Other databasesexploit the starfield display by mapping two ordinal attributes along the axes and using a third to colorcode the dots. Additional attributes can be controlled by widgets such as sliders and buttons.Many applications can employ Visual Information Seeking (VIS) principles [1, 14, 10] to facilitaterapid information browsing and empower users to find patterns and exceptions at a glance. VISprinciples encompass direct manipulation, rapid query filtering using sliders and buttons, immediateand continuous visual updates of results, tight coupling - i.e. interrelating query components to preservedisplay invariants and zooming the starfield display to reduce clutter. The users begin with anoverview, zoom in on areas of interest, filter out unwanted items and then get details on demand.�Unlike traditional applications such as image browsers that do zooming in large fixed stages, zoominga starfield display should be incremental and flicker-free so that users can track the motion of eachrectangle. This gives users a feeling of flying through the data instead of getting disoriented by suddenlarge changes in view. As Bederson and Hollan affirm in their work on Pad++ sketchpad [3], zooming

2should be a first-class interaction technique. This paper deals with the design and implementation ofzooming on a prototype dynamic queries application, the FilmFinder [1].Whereas zooming an arbitrary image in real time necessitates computations at every pixel, zooming astarfield display is a simpler problem because computations have to be done only for the coloredrectangles - not for the background - and there are just hundreds to thousands of rectangles as opposedto a million pixels.THE PROTOTYPE APPLICATIONThe prototype application that we used as a substrate was the FilmFinder (figures 1.1-1.3), which is avisualization of a database of two thousand movies. Each film has multiple attributes such as title,director, year of release, popularity, the lists of actors and actresses, length in minutes, category(drama, comedy, horror, etc.) and rating.

3Clicking on a rectangle pops up an information card that lists the attributes of the selected film andshows a still picture from it. The number of rectangles that appear in the starfield display can becontrolled by selecting attributes of the films (e.g. show just dramas) or by changing the scale on the xand y axes (e.g. show films made between 1940 and 1970).These query filters are implemented using widgets such as toggles for category and rating; AlphaSliders [2] for the title, actors, actresses, director; a range selection slider [5] for movie length and anew widget called the zoom bar for varying the scale on the x and y display axes.GLOBAL AND LOCAL EFFECTS OF VARYING ATTRIBUTESWe distinguish query filters that have local effects and those whose effects are global. For examplefilters such as an Alpha Slider for selecting the name of an actor affect a small number of displayrectangles compared with the total number of films in the database, whereas category toggles have aglobal effect both in terms of the large number of films they affect and the large display area overwhich these changes take place.Since a zooming action changes the scale on one of the display axes, forcing a redisplay of allrectangles, the scale change filter is a global-effect filter. The classification of attributes as global-effectand local-effect ones is highly application-dependent. For example if a query such as "Display all filmswhose directors’ names begin with B" were to be supported, the director would be classified as aglobal-effect attribute. Because changes to global-effect attributes take a longer time to render, specialdata storage and access techniques were designed to speed up the display refresh rate.THE ZOOMING MECHANISMZooming is done by changing the range of attributes on either axis individually - e.g., when the upperlimit of years is continuously decreased from 1993 to 1960, the scale on the x-axis keeps increasing.Rectangles representing recently-made movies keep leaving the display and the ones that are within therange grow in size and move so that the display range occupies the entire width of the starfield, lookinglike a patterned rubber mat getting stretched.On the other hand, varying any of the non-axis attributes such as category or film length causesrectangles to drop out of the starfield or get added to it, but there is no scaling or movement involved.A TAXONOMY OF ZOOMING METHODSAn image can be zoomed continuously or in discrete steps. Zooming in discrete steps is employedwhen substantial computations are involved in drawing the new view (e.g. zooming an arbitrarypicture), or when there is nothing to be gained by doing a continuous zoom, as in changing the viewsize of text in a desktop publishing application.Continuous zooming is important to give the user a feel of flying through a space - say a world of 3-Dgraphical objects as in virtual reality applications, or in an information visualization like a starfielddisplay. This allows users to get more detail in areas of intense interest and preserve the sense oflocation in the surrounding items.Since continuous zooming requires rapid redrawings, the image must consist of simple objects that canbe hierarchically structured. It is difficult to do it on an arbitrary image. Another way of classifyingzooming is based on the effects it has over the entire image.1) Some zooming methods typically use a lens that can be moved over an image. The magnifiedportion appears within the lens boundaries or in a separate window, while the rest of the image staysundistorted. In either case, there is a sharp discontinuity at the boundaries, so users need to mentallyintegrate the two views. Ghostview, an X-Window application for viewing postscript files uses such alens, as does the Magic Lens [4].

42) With a fisheye lens [12], the selected object is magnified the most, and surrounding objects areprogressively diminished in size, giving a perspective view that retains both the focus and the context.Fisheye views free the user of the burden of mentally integrating two discontinuous pictures, but theyalways retain all the information on the screen, making it look cluttered.3) The third type of zooming changes the scale on one or all of the display axes, causing information toleave or enter the viewing area. It changes the amount of information viewed within the focus areawithout changing the focus area size, and is identified as the canonical adjust operation in [9]. This hasthe advantage of uncluttering the screen, but if it is done in big discrete jumps, the user can feeldisoriented.

5