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ABSTRACT


Freeing users from the desktop is now a practical reality in many environments. The implications for mobility are both far-reaching and under-realized in many of the current scenarios we have seen. Our work has focused on the integration of user input into the iterative design process used to develop a contextually aware application for use in an educational environment. We discuss the design and development of Semaphore, a contextually aware tool for use in wireless networked environments, and the unique opportunities an iterative design process presents for our work.
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INTRODUCTION


As computing devices grow smaller and wireless networking technologies become more reliable we begin to see the vague outlines of a truly ubiquitous computing environment. The ability to attach information to physical location begins to move the users interface away from the device itself to the physical environment [2].   A completely new realm of usage scenarios appear and the total set of tasks possible with a mobile device broadens enormously.  For example, a mobile laptop can be taken outdoors or used in a spontaneous group meeting.  A palm top or hand-held device can be used at a bus stop, or pulled out in the supermarket.  

















In a reliable wireless networked environment users can seamlessly access both private and shared resources, and collaborate in real time. Memory constraints become less of an issue when information can be stored on other networked computers and obtaining current up-to-date information is easier. Devices currently on the market come equipped with software that merely replicates desktop software on a small scale.  These mobile devices are little more than portable desktop computers or glorified electronic planners.  





Our research has looked at two new models of computer usage that pertain specifically to mobile, networked devices.  The first model is context-aware computing. This is a networked environment where information is made available to a user dependent upon specific environmental factors. These factors can include location, time, user and device type.  Our second model encompasses social navigation. Social navigation integrates the experiences of previous users, making that knowledge available to the currently connected user.  In unifying these two models a connected device can make visible what is invisible in the users environment by drawing upon the collective knowledge of previous users. This knowledge is made available to indicate what is relevant and interesting about the physical space or the task at hand.


CONTEXT-AWARE COMPUTING


Context-aware computing is a field of study researchers have just begun to explore.  There are only a few concrete applications built and tested.  The idea behind context-aware computing is that the users environment, including where they are, who they are with, and what they are doing, can inform the computing device.  This added knowledge results in changed interaction between the user and device.  Individuals associate places with events and activities so the information and tasks presented to the user can be filtered for their location. [4].  The device may present the user with information relevant to the location, or limit the possible tasks they can perform.  For example one concept attaches notes to contexts along the lines of post-it notes.  This can be used to design a guided tour of Disney World where specific notes pop up at relevant locations or times.  The notes can be attached to a variety of things, physical locations, people, or times and can consist of information, actions, or other forms of content [5].  Similarly, the Cyberguide developed at Georgia Tech provides a guided tour of Atlanta which provides information about restaurants and other places which are close by given the user’s current location [1].  A similar system called C-MAP provides information based on awareness of a user’s location in an exhibit combined with a personal guide agent and the ability to communicate with other visitors [6].  The most famous example of context-aware computing is the Xerox Parctab project.  The Parctab devices support a host of context-aware capabilities such as user location and interaction tracking [7].  The tie between context-aware computing and mobile devices is strong.  A device that is constantly changing locations and is present in a wider variety of situations will have very distinct contexts of use.  


SOCIAL NAVIGATION


Social navigation extends context-aware computing to the world of computer-mediated communication.  Existing context-aware systems usually rely solely on the actions of the user, or of a system administrator.  Social navigation has been defined as “the process of using cues from other people to help you find information and potentially to more fully understand what it is that you have found,” [8].  This involves using the preferences and advice of others to help determine what is relevant about the information currently being dealt with.  This information can be the users current location, documents they are looking at, who they are with, etc.  The concept of history ties in neatly with social navigation.  Individuals may encounter they same context at different times, but if information about these encounters can be recorded, the history of interaction can be used to inform future users [8].  Social navigation can be used in any networked system where multiple users are interacting with their environment and this information can be recorded in some way on a central server.  Combining social navigation with context-aware computing can result in location-mediated communication, document-mediated communication, or event-mediated communication.  This ties the invisible usage of objects in the environment with their history of use to the benefit of users.


PRELIMINARY USER RESEARCH


Early research was conducted before the application design and development process began. This research explored the use of mobile devices in a library and student use of networked technology. The results of that work informed our development process. The integration of user feedback as well as design sessions has been crucial to all phases of our work. By integrating a diverse spectrum of users we have begun to develop applications which shape themselves to the users specific needs.


User Reaction to Mobile, Networked Devices in the Library


In 1998 we began to design and develop a suite of integrated library tools for use in a wireless environment. [3].  The devices used were a Windows CE-based Vadem Clio and a hand held scanner.  The Clio is a hand held device with a keyboard and pen.  A wireless network card was added to provide network access.  The included software provided access to the online card catalog, access to a personalized MyLibrary system a map of the library stacks, and live chat with staff at the reference desk.  Students were recruited for the study and were asked to fill out survey’s about their views of mobile computing in a library setting and were then studied in the field using the devices and software to support library work.  Following the field studies the same students were interviewed about their experience.  They responded enthusiastically to initial development of a stack map which would aid user navigation in large academic libraries. This map integrated an existing on line catalog with the ability to locate, for the user, the specific location of that volume in the physical library. They also used and appreciated the online chat mechanism which allowed them to direct questions to library staff from anywhere in the library.  Both results demonstrate a positive reaction towards in-context computing.  One student commented that he disliked the disconnect between information and the physical space it is associated with that occurs in the library.  He also commented that using a mobile device in the stacks to search for information removed the layer between the libraries desktop computers and the stacks.  


Observations of Student Technology Use


College students tend to be among the most networked and computer literate individuals in society.  Studying their activities can be helpful in imagining future scenarios where more of society has access to high-speed network connections.  Students also live distinctly mobile lives with a high number of locations associated with distinct activities.  One building might be associated with a specific class, another with work, and another with a specific extracurricular activity.  In designing our application we considered the unique situation of college students and the requirements of their courses and extracurricular lives.  Much of this knowledge came from our observations of student’s current use of technology in course work and their personal lives.  Technology plays a role in many course-related and extracurricular projects that involve collaboration.  Students communicate with each other extensively through e-mail and also use instant messaging applications such as ICQ and AOLIM for more immediate communication.  They often leave these applications running on their computers as a way to indicate they’re availability status.  Students also used a variety of strategies to share digital information in the form of files, simple text messages, graphics, and URLs. Some students stored files on their desktop computers, which are then made available to friends or to the general public.  Using web pages to share information also occurs.  In one example an Organizational Behavior class shared papers by e-mailing them to a student who then organized them by topic and posted them to a web page.  In collaborative efforts documents could be sent back and forth repeatedly as individuals added and changed them. In terms of professor student communication course mailing lists and course web pages are a common way for professors to communicate with their students, but generally leave little room for collaboration or group discussion.  Newsgroups and discussion sites on the web fill this void as a forum for both students and professors to discuss course work, communicate news, and ask for help.


Participatory Design Session


We introduced the concept of context-aware computing to a small group of students who had been using mobile, networked laptops for a few months and were acquainted with some of the issues and capabilities of mobility.  We presented prototypes we had developed which illustrated these ideas and presented some usage scenarios.  We then asked them to brainstorm software applications that included some component of context-awareness.  Several results came from this session.  Students seemed particularly receptive to the idea of location-aware guided tours and course-related information provided by a professor and easily accessible in class.  One student suggested an application that would allow art students to access information about relevant artists in a studio class to supplement the creative work they were in the process of doing.  Another idea involved displaying campus events that were occurring at the user’s location that day to increase awareness and involvement of students.  These ideas are thematically related in that they involved an individual, other than the user, providing context by associating information with a location or event.  In effect they were making visible what was invisible to the user.  This begins to integrate the concept of social navigation.  Students also brought up the idea of tracking the location of people and mentioned the issue of privacy inherent in such a tracking system. Various other ideas presented involved communicating with others by leaving electronic notes at specific physical locations, and an instant messaging system which could reveal user proximity in a visual manner.


USAGE SCENARIOS


To develop an application out of this research we discussed several usage scenarios.  This first was a classroom where each student has a mobile, networked laptop and the professor conducts lecture and discussion using a similar networked laptop projected onto a large screen.  This is the current scenario for the classes in the mobile computing study.  The dynamics of sharing information between professor and students inside and outside of class was especially considered.  Another scenario was a group of students meeting to work on a project with the networked laptops and similarly conducting research individually for the project.  How information could be shared effectively between individuals was of special interest.  Two scenarios did not relate specifically to class work, but to the campus environment in general.  We considered a new student exploring campus and thought about what information they would be most interested in.  We also thought about resource oriented campus issues, such as trying to catch a bus.


SEMAPHORE: A CONTEXT-AWARE COLLABORATIVE APPLICATION


Semaphore is the Java application we have developed out of this process.  The Semaphore system is composed of a centralized database and a small client application.  For the first version of Semaphore we chose to define context along three dimensions, location, date/time, and user.  The database stores a collection of links to web sites and documents.  Each link is defined in terms of the user who created it, whether it is shared or private, what location it is associated with, and the date and time range it should appear within.  When the user is on the campus wireless network and opens the client application it first determines their physical location using a standardized network protocol SNMP (Simple Network Management Protocol).  Then it contacts the database and filters through the links returning only those that are relevant to the users location and date/time context which are then displayed to the user.  In this sense it is similar to the concept of context-awareness as a method of filtering through information like a lens, bringing into focus what is relevant to the current environment [5].  Semaphore supports social navigation in several ways.  When the client application displays links to the user, there are two folders visible, the shared context links folder and the personal context links folder.  The shared context links folder contains links to web sites or documents configured by anyone with the proper permissions.  This could be a professor, department administrator, or designated student.  Permissions are determined on a location-by-location basis, so a professor might be granted permissions to edit shared links only in the vicinity of her classroom.  Shared context links are viewed by everyone who enters the location.  Links can also be configured to appear only during a given time range.  If the user chooses to add a link that is stored on his local computer it will be automatically uploaded to a server so that it is accessible to other users.  





Tying this into our first scenario a professor might add links for that day’s course lecture that will be visible to every student who enters the class with their wireless laptop.  One of these links might be a MS-PowerPoint slide show from her computer which is automatically uploaded to a server that students have access to.  To reduce clutter she configures the links to disappear a day or so after the class when they are no longer part of the current date/time context.  Similarly, a link to information about a campus event could be configured at the location of the event by a student organizer.  The event link would appear a day or two before the event and disappear as soon as the event was over.  The second set of links are stored in the personal links folder.  These links are defined by the user and are viewed only by him.  This allows the user to associate a different location with different types of information that is only relevant to him.  For example a user might add work-related links at his work location and links related to a professional organization he is involved with in the vicinity of the organization’s office.
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WORK IN PROGRESS


A second version of Semaphore currently in development defines context in terms of objects in a variety of categories.  The information that defines context (links to events, links to local resources, etc.) has greater benefit to the user if it is given some sort of organizational structure [4].  The current categories we use to define context include location, person, event, and group.  Each instance of an object and a category has a set of links and files associated with it which the user can access.  These objects are displayed to the user when they are contextually relevant.  For example a location object appears to the user when they are at the location, an event object appears to the user the day of the event and at the location of the event, and a person object appears when that person is nearby.  This version has added features which expand support for social navigation.  Anyone can form a group and anyone who is a member of a group can add links to the group object.  In this way individuals can collaboratively share information.  Group formation and information association reflects our second scenario of use where groups meet and collaboratively research topics.  Document annotation features will also be added so that any user can associate notes with a document that other users can view when accessing the document through Semaphore. ���
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IMPACT


Semaphore has been released to a few test users.  Links created both as shared and personal links reflect users own knowledge and associations with different locations on campus.  Some of the types of shared links associated with a location include web sites for departments housed in the building and for classes that meet in the building, bus schedules for buses that pickup close by, links to library information in the libraries, and links to local resources such as computer labs and dining halls.  Personal links also reflect the users context.  Some users have created work-related links that show up only at their work places.  One user who is a member of the research team put links to statistics pages related to the local wireless network infrastructure.  Among other things the statistics page shows a list of other users who are at that location. 


FUTURE RESEARCH AND DEVELOPMENT


Our situation has given us a very fertile test bed for our development. The academic environment provides us with a knowledgeable user base, as well as extensive technical resources. The use of laptops in a course emphasizing teamwork has allowed us to observe computer mediated collaborative efforts among students.  The inclusion of some members of that class in the design and development process has altered the design cycle, shortening the time needed to understand and incorporate user input.





A new version of Semaphore, incorporating features developed as a result of design sessions, will be released to students in two classes and patterns of use will be observed.  Group formation, link association, and link visitation will all be important in understanding not only how students receive a context-aware application, but also what they associate with a given context.  How users configure groups, events, and the links they choose to associate with these objects may reveal new ways of perceiving context and give us ideas about how to enhance later versions of Semaphore.  The use or lack of use of various features should also be revealing. 





During a series of ongoing design sessions we will expose users to the results of our research and development. It is our belief that this iterative process will allow us to capture the needs of the users and integrate them into our development. 





Future plans for Semaphore include porting this application to smaller Windows CE devices.  A simple application linking locations to a single URL ties the physical campus to a web-based campus tour.  This application runs on a small tablet CE device and is nearly completed.  With more portable devices location-based reminders could become very useful.  For example, a reminder that appears (or beeps) when you are in the vicinity of the campus store could remind you to buy a specific book you meant to get.  A new standard for short-range wireless networks called Bluetooth may be used for new applications along the lines of Semaphore that allow more fine-grained location-awareness.  For example, using this standard a mobile device might recognize any available printer to which a user has access in any given room.


 


CONCLUSION


As with any iterative design process this is very much a work in progress. Our initial results have reinforced our belief that the development of contextually aware applications is a vital area that will see growth over the next 5 years. Our continued research in this area will include the further development of Semaphore across an array of different device types and user communities. Of particular interest for our future work will be the distribution of contextually aware software applications in a mixed user environment, bringing together students, faculty and staff to participate in broad based usability testing and conceptual design.


 


The ongoing growth and development of wireless networking and mobile information appliances will increase access to networked resources and necessitate continual refinement of the tools available for users. An iterative process helps ground development work insuring that the needs and requirements of the user remain the prime motivating factor in the development process.


�ACKNOWLEDGMENTS


This project was generously funded by Intel Corporation.


�REFERENCES


Abowd,G.D. et al. Cyberguide: A mobile context-aware tour guide.. Wireless Networks 3, ( 1997), 421-433.


Gellersen, H.W., Biegl, M., and Schmidt, A., Environment-Mediated Mobile Computing. Proceedings of the 1999 ACM symposium on Applied computing, (September, 1997, Langdale,Cumbria United  Kingdom)  ACM Press, 416-418


Jones., M., Reiger,R.H., Treadwell, P., and Gay, G.K., Live From the Stacks: User Feedback on Mobile Computers and Wireless Tools for Library Patrons.(Forthcoming) ACM Conference on Digital Libraries 2000


Mark, W. Turning pervasive computing into mediated spaces, IBM Systems Journal 38,4 (1999) Riverton NJ, 677-692


Pascoe, J. The stick-e note architecture: extending the interface beyond the user.  Proceedings of the 1997 International Conference on Intelligent User Interfaces, (1997), 261-264


Sumi et al. C-MAP: Building a Context-Aware Mobile Assistant for Exhibition Tours. Community Computing and Support Systems, Springer-Verlag, Berlin, (1998), 137-154


Want et al. (1995) The PARCTAB Ubiquitous Computing Experiment [WWW Document]. URL http://www.ubiq.com/parctab/csl9501/paper.html


Wexlelblat,A., Communites through Time: Using History for Social Navigation. Community Computing and Support Systems, Springer-Verlag, Berlin, (1998), 281-298


�






