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Concept Maps: Theory, Methodology, Technology Proc. of the Second Int. Conference on Concept Mapping
 A. J. Cañas, J. D. Novak, Eds. San José, Costa Rica, 2006
 INTERACTIVE CONCEPT MAPPING THROUGH GESTURE RECOGNITION ON A TABLETOP
 Stefano Baraldi, University of Florence / Natural Interaction, Italy Alberto Del Bimbo, University of Florence, Italy
 Alessandro Valli, Natural Interaction, Italy Email: [email protected], [email protected], [email protected]
 Abstract. We present an interactive workspace featuring hand gesture recognition that allows multiple users to collaborate in the creation of a concept map. The workspace integrates web-based and face-to-face scenarios in knowledge-building activities, brainstorming and problem solving sessions. A wiki serves as the repository for knowledge elements, which are presented to co-located users in form of a concept map projected on a meeting table. A computer vision module recognizes multiple hands and fingers on the table surface from an overhead camera, using fingertip detection and tracking algorithm, and map elements can be manipulated using a natural gesture language. Also smart devices, like PDAs or tablets, can be connected to the system and participate in the interaction with their local input. The concept map and the wiki are synchronized in real-time, providing notifications to both co-located and distributed users, allowing a community shared awareness that enhances and enriches the knowledge building experience.
 1 Introduction
 Knowledge Building (KB) (Scardamelia, M. and C. Bereiter, 1994) refers to creation of new cognitive structures as a result of collective discussion, exchange of previous knowledge and synthesis of ideas. Nowadays such activity is at the core of many processes in different organizational contexts, from scientific research to education and corporate processes. KB is increasingly fulfilled using Computer Supported Cooperative Work (CSCW) tools that provide the users shared environments where the knowledge can be accessed and organized both in distributed and in face-to-face scenarios.
 In distributed scenarios, where users can collaborate any time and any place and computers mediate the
 interaction, the emerging tools for collaborative KB activities are wiki web sites (Cunningham and Leuf, 2001), as demonstrated by the success of the WikiPedia web encyclopedia project. In wikis, the Knowledge Model (KM) ( Cañas, Hill et al., 2004) is constructed in form of a dynamic web site where each page can be edited without restrictions by the users, and community-awareness functions stimulate the building process keeping track of versions and supporting discussions.
 Wikis are increasingly gaining importance among the core tools of corporate and scientific knowledge
 management practices (Twiki Success Stories), where they become a living memory of the community internal processes, but they are also used in transient collaborative events, like conferences and meetings. In these scenarios a wiki can be used as a “back channel” to promote discussion and create knowledge artifacts that could persist after the event. In these scenarios the inherent distributed nature of wikis is in contrast with the co-located collaboration that is going on: users must use a personal device to access the knowledge base and temporarily isolate themselves dividing their attention between the wiki and the live event.
 There has been interest in applying the wiki collaboration model in face-to-face scenarios where multiple
 physically co-located users are engaged in shared activities like meetings or brainstorming sessions. Research in this field produced interesting results with the creation of a new class of applications called Single Display Groupware (SDG) (Tse, and Greenberg, 2004). One of the crucial points of these systems, in which user activities are focused on the same information area, is the multiple user interaction that should be carefully designed to favor the natural flow of the session while providing advanced data manipulation functions.
 Recent advances in electronic whiteboards brought to the market successful devices like SmartBoard
 (http://www.smattech.com/) featuring touch-driven interaction on any kind of application, but lacking support for simultaneous users. To overcome this problem, there exist an active research and development on multi-touch devices (Dietz, P.H.; Leigh, D.L, 2001) (Rekimoto, J., 2002) and novel multi-user interaction frameworks (Tse and Greenberg, 2004) (Shen, Vernier, Forlines and Ringel,, 2004). Our goal is to create a bridge between distributed and
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face-to-face contexts, designing a common workspace where users can build knowledge exploiting the useful scenario-specific characteristics.
 This paper describes the Natural Knowledge Building (NKM) workspace, a hardware and software infrastructure we implemented in order to bring a wiki-style collaboration featuring interactive concept mapping in face-to-face sessions. The interaction metaphor is driven by concept maps, as an approach to the visual management of knowledge structures. Co-located users, physically located in the same room, in front of a wall-sized display or a table, can directly manipulate the knowledge elements (Concepts and Relations) synchronized with a wiki. The interaction can happen either using personal devices (PDAs, Tablets) as input methods or through hand gestures performed on the presentation surface.
 In order to realize a setup that could be easily installed in existing meeting rooms or conference lounges without
 expensive equipment, the bare hand interaction is accomplished with computer vision gesture recognition and analysis through the implementation of custom algorithms.
 Vision-based interactive systems are unobtrusive to the users, allowing the realization of a natural interaction,
 and normal tables or walls can be easily turned into cheap interactive surfaces to carry on the KB activities.
 2 The Natural Knowledge Building Workspace
 Wiki collaboration is based on the incremental editing of a collection of web pages, having a meaningful name coincident with the page title, and an hypertextual content providing detail and links to other wiki pages and external resources. While this interface is well suited for distributed users, co-located users typically need a different modality for interacting with data, one that has a higher level of abstraction and is less bound to textual input. This is because in face-to-face sessions the main communication channel is verbal and visuals serve as an aid for symbolic reasoning.
 In general, cognitive maps are the natural way of handling knowledge visually, and the concept mapping formalism showed particularly useful and effective in knowledge building activities using collaborative desktop-tools like CmapTools. Within our workspace concept maps are used as a visuospatial container of knowledge elements, suitable to portray views of knowledge model subsets.
 Every wiki page is focused on a different topic represented by the page name, in this way it can be considered a
 concept, while the hyperlinks to other pages present in the page contents correspond to relations. The actual textual content of the page, instead, is not directly mapped and shown in the high level map structure.
 Wiki Concept Map page name concept
 page hyperlinks relation page content -
 Table 1. Mapping wiki structures to concept maps
 Face-to-face session participants use maps to spatially arrange concepts and visually “draw” the relations
 between them constructing a form of directed graph and effectively enriching the wiki hypertextual model with spatial meta-data and relation labels. Through this map-building activity users can also introduce new concepts and relations at a visual level and make it available to distributed users. The wiki users can then visualize the maps and use them as a navigation tool to visit a particular view of the knowledge model, detailing and integrating elements introduced in previous sessions.
 The multi-user interactivity needed in face-to-face sessions is realized using the SDG component of the
 workspace called wikiTable.
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2.1 The wikiTable
 The wikiTable is a SDG infrastructure, consisting of a hardware and software setup installed in a shared social space that visually presents Concept Maps on a flat surface, typically a normal desk or table. The system can manage multiple simultaneous inputs coming from different devices in order to make the map interactive. Session participants can interact in two different modalities: using remote devices and manipulating elements with their own bare hands on the table.
 Figure 1. The wikiTable system schematics (a) and a screenshot of the actual application showing the direct manipulation of knowledge structures wih bare hand interaction (b)
 Participants can connect to the system using Smart devices (like tablets, PDAs or laptops) equipped with a
 wireless interface and capable of providing a “pointer” input. Users can join a session through a web page served locally by the embedded wikiTable web server and have their personal pointer projected to the interactive surface. In this manner they are free to move around the table while maintaining their attention focused on the single shared map. The local PDA screen is also employed as a mini-interface through which some actions on the map elements can be engaged, visualizing menus that are dependent on the current pointer position and therefore keeping the shared map interface clean of graphical widgets.
 Users close to the table can also use hand gestures to interact with the map elements, gaining a richer and more
 expressive manipulation language compared with the “point and click” GUI paradigm and a more natural interaction with the visual objects whose affordance becomes similar to that of real objects. Input flows coming from both modalities are continuously merged and the input events are analyzed by device-dependent interaction languages. The outputs of this phase are the following map-manipulation actions carried on the visualized elements:
 • Add and delete Concepts.
 • Draw, modify and delete Relations between Concepts.
 • Spatially Arrange Concepts and Relations labels.
 • Move the Map viewport
 2.2 Synchronizing maps with the Wiki
 The wikiTable embeds a component dedicated to the two-way synchronization with the wiki repository. The protocol is composed of simple directives to query and edit the wiki’s status and contents, implemented over the http protocol.
 During co-located sessions Concept Maps are created as special wiki pages containing the map structure in XML format. In the wiki web interface these pages are then visualized in vector graphics format through a custom XML to SVG conversion (figure 2). In this way also distributed users can use the maps for navigating to the pages containing the Concepts details. Relations between Concepts made explicit in maps augment the knowledge model
 projector
 webcam Infrared
 illuminator
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and the hypertextual relations drawn in maps are visualized with icons linking to the related map page. This gives wiki users an extra level of meta-data useful for the knowledge building process.
 If page A includes a link to page B, and one or more maps exist in which relations between A and B have been
 defined, links to the involved maps are presented next to the normal hyperlink to B and the relation name is shown as a tooltip on the map link. Wiki systems support tags that expand in the page text and layout. Custom tags can be defined to embed in the page panels in which all the relations from/to A are listed, introducing another navigation tool.
 Figure 2: maps are rendered in the wiki through an XML to SVG conversion that retains their visual layout. Face-to-face users are notified about asynchronous activities performed by distributed users. When the wiki
 pages are accessed or changed, visual notification are presented on the wikiTable. New Concept and Relation elements are shown as visual objects slowly fading away, in this fashion co-located users can consider concept integration in the current map. Other kinds of visual notifications inform session participants that a distributed user has logged in or out of the wiki.
 3 Gesture based interaction with the map
 Natural Interaction claims that visual objects, in this case map elements, should be manipulated like real objects. This is accomplished using gesture recognition of multiple hands and fingers on the table by means of computer vision algorithms applied to the video stream of the surface. The input events are interpreted from the posture of multiple hands moving on the table, their orientation and the state of the stretched-out fingers.
 Concepts and Relations are represented by their own textual labels. Concepts are created by selecting them from the KM or by entering text directly, this is accomplished using a shared virtual keyboard widget which recognized key presses of single-fingered hands on key areas (figure 3a). The created words can instantly become Concepts (creating a page for in the wiki) or remain in a neutral state, this way they can be used as notes or later to rename a Relation.
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Figure 3: (a) virtual text entry widget for label creation, (b) the Map scrolling action. Concepts can be moved around (figure 4a) grabbing them with a two-finger gesture. Once grabbed, the object is
 controlled only by the user starting the action. A change in the gesture causes the action to end and the object to be positioned in the reached position.
 Relations are created engaging a Concept with a single-finger gesture and moving the created arrow until it collides with another Concept (figure 4b). The resulting line is a spline curve with a single control point in the middle represented by the Relation textual label. Existing relations can be modified in a similar way, grabbing their final arrow and moving it next to another Concept.
 Figure 4: (a) moving a Concept, (b) drawing a Relation between Concepts.
 Relation labels can either be implicit (suggested by the KM from hyperlinks in the Concept detail page) or explicit by assigning a textual label grabbing a free word and bringing it on the label region (figure 5b).
 Once created, Relations arcs are bound to the positions of the belonging Concepts, only the label can be moved
 with the same two-finger gesture to better arrange the graph. The Map viewport can be moved (figure 3b), allowing the building of large maps, with a specific three-fingers
 gesture and the map position under the hand is used as a reference point for the scrolling.
 Figure 5: (a) moving relation label to modify the arc appearance, (b) renaming a relation with a new textual label.
 3.1 Finger detection algorithm
 The wikiTable setup embeds a computer vision system to perform the needed gesture recognition process. In our setup a ceiling-mounted overhead camera targets the table area and captures video that is analyzed by means of image processing techniques. The area is lit by an infrared illuminator and the camera is equipped with a near infrared (830nm) pass filter, in order to capture only the users limbs and not the projected graphical interface, allowing a simpler analysis phase.
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The image is first segmented in background and foreground regions through a common background subtraction algorithm and the obtained foreground mask is processed by a finger recognition algorithm based on the work of J.Letessier, F.Bérard and C.Hardenberg (2001,2004) for a quick early classification of finger point candidates on the whole foreground mask. For the subsequent phases we developed our own association, tracking and classification techniques.
 Fingers are tracked over frames with a nearest-neighbour association approach extended with position
 prediction using a simple weighted linear predictor, this technique helps reducing the number of mismatches between different hands’ fingers. Hands are then created clustering compatible fingers according to their position and direction, and applying heuristics and estimations on the hand morphology.
 Figure 6: model used in hand recognition
 A maximum of 5 postures are then recognized, named p1 (hand with single pointing finger) to p5 (opened hand) according to how many fingers are extended. We use the posture classification to build a simple sign language where the semantics is not based on the hand shape, but the number of stretched out fingers.
 The acquisition of postures during time creates a flow of input atoms that are passed to the application
 controller module. The next step is the interpretation of the input flow by means of a chosen interaction language to generate the application actions.
 In choosing the hand interaction language we were driven by the nature of the manipulated objects on the table:
 both Concept and Relation elements have the textual label as reference area and their size is comparable to an opened hand on the table.
 As a general principle to provide a natural interaction we choose to keep the mapping between the interactive
 events and the actions as direct as possible. This means that we did not use menus and operations were defined by simple gesture transitions, of course this constraint forced us to find meaningful mappings between gestures and actions.
 We used a language of three gestures (see table 2) considering also transition times in order to detect the
 persistence of a posture. This is needed because in our implementation no other sensor but the camera is used, and therefore the contact event of the hands touching the table is not detected. The following table illustrates the mappings for actions on the Map elements:
 gesture context action
 Posture p1
 Concept, Relation
 arrow
 Create/modify relation,
 Write text
 Posture p2
 Concept and Relation
 labels move
 Posture p3
 an empty area of the
 Map
 move Map viewport
 Table 2: gesture language.
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In general we considered Gesture1, the typical pointing hand, to be the most useful for directly accessing the
 functions of a two-dimensional visual element. The reason for this assumption is that Gesture1 is commonly used to highlight or select an element, both in non verbal communication and in many touch interfaces, and it is the most precise giving a single point of reference. Therefore, in our language Gesture1 has been used to create new relations and modify existing ones, and also to press the keys of the virtual keyboard. Gesture2 is used to grab and move concepts and relation labels in the map. The two fingertips define a line region between them that is enough precise to manipulate also the smallest possible objects. Gesture3 is dedicated to scrolling the Map viewport in order to show other parts of the Map. We used this gesture because the map scrolling is performed on an empty area of the map, and a precise reference point is not needed for the relative movement.
 For the deletion action we used the common metaphor of moving an element on a visual recycle bin object.
 Even if this is a GUI metaphor it is compatible with our need for a direct mapping of actions.
 4 Results and future work
 We tested the hand interaction system with more than thirty people of different age and computing skills during a six months period. Users were given the task to arrange a reference map from a spatial layout to another. A quick training on the interaction language was provided, in which users were shown the interface usage. Then we observed the video recordings of the map-building session and for every action we determined the average success ratio (measuring the times in which the action was successfully recognized by the system) and the average time duration (indicating the average time spent to complete the action).
 For the duration we measured time elapsing from the first moment in which the user intention was clear, up to
 the time in which the task was succesfully completed. These measures are in direct relationship respectively with the effectiveness and efficiency of the system expounded.
 We proceeded with two test scenarios: a single user scenario, and a co-located scenario in which three users
 were asked to complete the task. The results of the observations are shown in table 3.
 avg. success ratio
 avg. time duration (sec) action
 single multi single multi create label or
 concept 98% 91% 6.7 8.4
 create relation 94% 87% 5.6 7.5 move object 99% 93% 5.2 5.9
 scroll viewport 82% 63% 6.3 15.3
 Table 3: results of user observations Single users managed to quickly arrange the map and were only annoyed by the time persistence of 500ms to
 simulate the click. Multiple users were at first reluctant to interact simultaneously, but then found the co-located map-building experience to be exciting. The only one-user action, viewport scrolling, created some confusion. We believe that a careful design of tabletop system should avoid such exclusive actions.
 With the proposed Natural Knowledge Building workspace and the wikiTable SDG system, we addressed the
 integration of two different collaboration contexts: face-to-face sessions and web-based knowledge building using wikis.
 Further work is ongoing, concerning the definition of other map-manipulation actions (like zooming and map nesting) and a real-time synchronization between remotely placed tables in a scenario where multiple groups of co-located users are geographically displaced when working on the same maps.
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