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ABSTRACT

This paper describes an application scenario and system design for group navigation on the web.  The overall approach, described in [1], is the design and realization of an unobtrusive Group Adaptive System (GAS) for cooperative navigation. The goal is to promote knowledge exchange among users in the same work group through collaborative and adaptive navigation and information sharing on the web.
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SCENARIO 

Different users working in the same environment often share common objectives, common interests, and common experiences.  For instance, suppose there is a group of seven developers working together on a fairly large software project. Of course, there are different competencies and skills in the group, and group members routinely exchange information and knowledge about work-in-progress and about common and daily activities. Information is normally exchanged by e-mail, through formally organized meetings, and also through informal chatting and gathering that occurs normally in the workplace. The information that a certain development tool has just been released or updated, for example, might be learned by group members through either informal interaction (e.g., one person seeing it on another’s screen) or by explicit actions (e.g., one person broadcasting a message via email to the group).  Thus, exchange of information among group members is not always systematic and is often complementary what people do while working. 

Web navigation is one useful experience to share with colleagues. Unfortunately, due to limitation of current tools, research that each group member performs on the web is often private, and email and face-to-face contact are not always sufficient to explain (remember) and deliver everything that has been discovered. Moreover, it is not always easy to situate a piece of information in context, for instance, as it naturally flows during a web browsing session. In addition, having different competencies, group members might not always know which other group members might benefit from a certain piece of information.  

To enable effective sharing of information, and particularly of information gathered through web navigation, we will consider the design of a collaborative environment to support web navigation among a small group of users bound by common interests. Our goal is to allow each participant in the environment to communicate knowledge acquired during navigation, make others aware of paths followed and resources discovered, and enable participants to use the same trails and information for their goals. One advantage of designing a collaborative web navigation environment is that users can rely on the same system for searching, acquiring, and exchanging information. A collaborative view, for example, lets users send resources to others without changing what they are doing (e.g., switching from browsing the web to sending email). 

A system for collaborative web browsing must record relevant resources found by group members, and make these resources available to others. It must also examine and categorize the information navigated by each group member to organize a common view of information that will be presented to the group. Group members might use this information presentation as a resource organized by topic to begin personal navigation and to discover what the group knows.  To facilitate this sort of topic-based organization, it is useful if users can annotate information as they come across it, adding indications of topic areas and keywords as appropriate. In this way, information relevance can be determined by user actions, and relevant information can help guide users in navigation. 

For example, if users can annotate contents of web pages they visit, others can discover and become aware of information and the activities of the rest of the group.  Providing a common view of group browsing activity can let members to communicate implicitly, indicating that particular information has been found, what sorts of things one is up to, or what news is important and ought to be read today. This kind of group interaction can be contrasted with what must be done today when one user wants to tell another about a resource found on the web.  In this case, the user might send an e-mail message that specifies the URL. This works best if the user does not need to comment on the resource itself, in which case the e-mail message must contain proper references to the parts of the web page. A common view of the navigation space can enable users to annotate documents in the proper places. 

The sort of collective navigation provided by a common view of the resources discovered by the group might save users time by letting them avoid the effort of browsing documents not tailored to their needs. In fact, following the paths of other users in the same group might quickly lead to the right information in many cases.  By enabling the sharing of information resources and browsing histories, we intend to create a system that not only passively tracks users but also allows users to annotate information they have found and the paths by which information has been found.  In addition, by keeping track of what topics and activities the group is interested in, others can be made aware of browsing activities in the group automatically when one group member discovers resources that others might be interested in. 

RESEARCH DIRECTIONS 

The primary questions we intend to investigate concern how people discover information in the activity of others and how we can build systems to facilitate this information discovery process.  More precisely, we want (a) to learn how people might share information when working on the web by watching and interacting with one another, and (b) to find the structure in their web behavior so that we can develop algorithms and systems that support information sharing and collaboration.  Toward these ends, our approach is to develop the kind of group adaptive system sketched previously to experiment with user awareness and interaction techniques.

For example, maintaining trails of user interactions in the system allows us to examine group behavior, including whether and under what conditions users really want to share knowledge with others, or whether and under what conditions users trust the choices others have made. Because users will have a limited set of possible actions to choose from, we can systematically vary the elements in this limited set to try to discover the structure in behavior through analysis of actions taken. In the end, we hope that we can find structure that can serve as a basis for automatically tailoring resources. 
System requirements. In creating our group adaptive system, we will begin by using a web browser window as the user interface. It will be composed of three views:

1) Common view. Displays shared information group members have accessed and allows them to start new navigations.

2) Toolbar view. Provides the set of tools available to users.  These can annotate documents, define relevance, search on paths using user’s history or keywords, and choose the type of navigation to perform.  

3) Document view. A separate window that displays the documents. Group members can use the document view to navigate inside documents, either new or selected from the common view.

One of the primary system requirements is the ease of use. It must present information clearly. Users must be able to distinguish among documents they have seen and documents others have seen. The system should adapt its information presentation to the set of participants but must also be able to discriminate individual users to help orientation (for example, eliminating what the user has already seen).

In addition, the displays should be as compact as possible. Users are presented with a common view of the resources the group has accessed.  There are obvious reasons (e.g., screen space and cognitive overload) why the common view cannot show all of the users' interactions with web resources and with the system itself.  Nevertheless, we intend to be able to compactly display graphs and paths of user navigation. So that users can determine context before accessing information. 

Along the same lines, interactions with the system must be fast and focused appropriately. For instance, if the goal is to “find needed information”, the user ought to spend time searching rather than teaching the system what it ought to display. In general, the system must learn what information is useful for the group. Group members should be able to provide explicit directions to the system, but the goal is to provide implicit adaptation of resources to the group. 

Finally, we envision two types of navigation support: cooperative navigation and free navigation. In cooperative mode, users navigate among resources using the common space provided by the system. In free navigation mode, users can browse resources outside the system (e.g., on the web in general).  In either case, the user should be able to make the browsing available for others to see or the user might choose not to make browsing public. 

Awareness. We begin by making a classification of the resources discovered by users based on relevance in the user’s current topic of interest, on time of their existence in the system, or on explicit user actions. This will enable users to chose information according to well-defined parameters, as well as allow the system to recognize relevance and present information accordingly. 

In addition, resources might also be distinguished on the basis of who discovered them.  The system might adapt the display to how users browsed and otherwise interacted with these resources.  For example, the system as well as the user might take account of: 

1) Who discovered new relevant information?

2) Who has recently navigated relevant web sites? 

3) Who downloaded these documents? 

4) Who made relations among these resources? 

The hope is that this kind of tracking of users in the group will enable others to understand the nature of the work the group is performing at a certain time. 

Creating Awareness through Annotation.  The set of explicit actions the user can choose are fundamentally based on annotations.  They express a user’s suggestions of what others might do when viewing a resource or when selecting resources from the common space.  There are three aspects of annotations:

1) User annotation. Annotations can identify which user created them or whom they refer to.

2) Resource annotation.  Annotations can express additional facts about a resource in several ways: (a) through links, expressing how linked-to information is related to the current resource or among other resources, and (b) through time, expressing whether resources have been seen and when (in what context) they ought to be seen.

3) Relevance annotation. Annotations could be used to make explicit the relevance of a resource.

Navigating New Resources. Depending on the actions participants take in the system, we will be able to understand how they share information. We want to investigate under what conditions resources should be automatically added to the common view.  If most users make their own annotations, this might suggest that they do not rely on system choices, perhaps because the system is not meeting their needs or because the system is easy enough to use, allowing a high degree of interaction. 

Navigating in the Common View. When a user starts navigating from the common view (following information already stored by the system), they confirm the validity of other participants’ choices. We can examine how they follow group navigation in exploring topics or group interest.  For example, we might design our system to be able to rearrange the presentation of popular (among group members) web sites so that they are presented according to the navigation criteria and patterns followed by group members, that is, as the product of people's activities in an information space [4].

SOME IMPLEMENTATION DETAILS

It seems that a distributed architecture is dictated by the group adaptive system's characteristics [1]. People will need to access different servers (we hope to provide group adaptation on the web independent of server) with different clients (laptop, as phone, as pc) and still utilize the system. To achieve this we have chosen to implement the system using a programmable proxy. A proxy knows the client-server protocol and can manipulate information exchanged during transactions. A proxy is not constrained to run at a specified location, but can be placed anywhere [3] along the information stream. Specifically, our group adaptive system will be implemented using the Web Intermediaries (WBI) framework [2,3]. 

ACKNOWLEDGMENTS

We thank Paul Maglio, Vittorio Scarano, Stephen Farrell and Tom Erickson for helpful discussion and comments.

REFERENCES
1. Barra, M.: ''Distributed Systems for Group Adaptivity on the Web'' In Proc. of AH2000 Inter. Conf. on Adaptive Hypermedia and Adaptive Web-based Systems. August 2000. ITC/IRST Trento, Italy.
2. Barrett R., Maglio P.: "Intermediaries: New Places for Producing and Manipulating Web Content". In Proc.  of  7th  International WWW Conference. 1998.
3. Barrett R., Maglio P.: ``WebPlaces: Adding people to the Web.'' In 8th International WWW Conference. Canada 1999.
4. Murno A. J., Hook K., Benyon D.: ``Computer Supported Cooperative Work. Social Navigation of Information Space'' Springer-Verlag G. Britain 1999.

Maria Barra holds a Laurea degree in Computer Science from University of Salerno and is a PhD Student in Computer Science at the Dip. of Informatica and Appl. ``R. M. Capocelli'' of the University of Salerno (Italy).

In May 2000, she joined the User Group at IBM Research, where she continues to work on her PhD thesis. She is studying on how people use information spaces such as World Wide Web, in order to design a Group Adaptive System for Navigation on the Web.  Previously, she has worked on Adaptive Hypermedia Systems and Cooperative Workgroup System for teaching and learning on the World Wide Web and Adaptive System for Electronic Commerce.  

