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Abstract

The sentient map is a map that can increase the user's awarenessemsing the user’'s input and generating the
appropriate reactions such as retrieving and ptiegethe relevant information to the user. We diescthe sentient map in
an application as the user interface for the GrgvBook that is a constantly expanding electronickbfor e-learning, and
then discuss the design of the experimental sentiap system.

1. The Sentient Map

The sentient map is a map that can increase the user’'s awarenesersing the user’'s input and generating the
appropriate reactions such as retrieving and ptiegethe relevant information to the user. Sentiewatps can serve as
indexes and lead the user to more informationréttre a sentient map is a gesture-enhancedantefbr an information
system. A companion paper [Chang01] describes thvations for the sentient map paradigm and th&tuge query
language in greater detail. Therefore in the prtepaper we will concentrate on illustrating the e$e¢he sentient map in
one important application area, i.e., e-learning.

First, we repeat here the formal definition of semtient map [Chang01].

A sentient mapn=(type, profile, v, IC) has aype, aprofile, avisual appearance, and a set afleactivities.

A sentient map’sype can be geographical map, directory page, web giggiment and so on.

A sentient map'profile consists of attributes specified by its creatorthis map type.

A sentient map’sisual appearance is defined by a visual sentengewhich is created according to a visual grammar or
a multidimensional grammar.

Theteleactivities of a sentient map is defined by a collectionnoiex cells IC [Chang95]. Each index célt may have a
visual appearance, formingeeaction object. These teleaction objects are usually overlaidame background.

Ignoring the type and profile, a sentient map isidelly a collection of teleaction objects incluglia background
object.

A composite sentient map is defined recursively as a composition of seveeatient maps.

Maps are widely used to present spatial/tempofakimation to serve as a guide, or an index, sotti@viewer of the
map can obtain certain desired information. Oftemap has embedded in it the creator's intendedpdits and/or
purposes. A web page can also be regarded as awitiaphe URLs as indexes to other web pages. dty Bny document
can be regarded as a map in a multi-dimensionakespaoreover, with associated scripts, the mapsatambe made active
[Chang95]. These two notions, that data can bsedeas maps and that maps can be made actives kedpropose a new
paradigm for visual information retrieval - the 8ent map. The natural way to interact with a ssritimap is by means of
gestures. In the companion paper [Chang01] weriesbow simple gestures callegyestures consisting of mouse clicks
and keyboard strokese used to interact with a sentient map.

This paper is organized as follows. For empiridaidg, Section 2 describes an e-learning environngatied the
Growing Book that serves as a test bed. In Se@jove discuss the design of the sentient map system

2. The Sentient Map Interface for the Growing Book

A Growing Book is an electronic book co-developed by a group edchers who are geographically dispersed
throughout the world and collaborate in teachingl aesearch [Chang00]. Since the course materi@scanstantly



evolving, the Growing Book must be constantly updaand expanded. The Growing Book is used by &sather both in
the local classroom as well as in the distanceniegrenvironment. Therefore the Growing Book mhstaccessible by
multilingual students. The chapters of he GrowBupk are owned by different instructors who majyiagiand/or provide
different tools for distance learning, self leagnend assessment. In what follows, we describ@tatype [GB01] and its
sentient map interface, to serve as a test beavtsiigate how to design and manage the GrowingBoahat it can be
accessed universally by people with different lisga skills and cultural background for effectisgaching and research.

A sentient mapm for the Growing Book typically has the type “gher”. Its profile has the following attributes:
Chapter_No: the numerical id of the chapt&hapter_Title: the title of the chapte€hapter_Password: the password in
order to update the profile or perform privilegguemationsChapter URL: the URL of this chapteAuthor: the author,
or authors, of this chaptef,eacher: the teacher, or teachers, of this chapBeundent: the student, or students, of this
chapter,Who_is Who: the known authorities on the subject matter of thapterCenter_of Excellence: the known
centers of excellence on research related to Hapter,Reference: the references for this chapté&ol: the software tools
useful for this chapteRrivacy: a list of user names who want to keep their pexsimfiormation off the awareness list, and
Awareness. the awareness list specifies what the user wabné taformed of.

This profile is used to increase the awarenesbeiiser. The commands supported by the Growing Budlkde the
following: ABSTRACT: Create an abstraction of aapter at a certain level. SEND_AUTHOR: Send a ngessa the
author(s) of a chapter. SEND_TEACHER: Send a messaghe teacher(s) of a chapter. SEND_STUDENT:dSen
message to the student(s) of a chapter. ADD_AUTHAXRI to the author(s) of a chapter. ADD_TEACHER:dAD the
teacher(s) of a chapter. ADD_STUDENT: Add to thelsht(s) of a chapter. DROP_AUTHOR: Drop from ththar(s) of
a chapter. DROP_TEACHER: Drop from the teacher{sy ohapter. DROP_STUDENT: Drop from the studentfsa
chapter. SET_AWARENESS: Set the awareness prof8&T_PRIVACY: Add someone to the privacy list.
CHECK_AWARENESS: Check the awareness profile. AWARESplay info one should be aware of. ADD_WHO-IS-
WHO: Add to who-is-who. ADD_CENTER: Add to centen$ excellence. ADD_REFERENCE: Add to reference(s).
ADD_TOOL: Add to tool(s). ADD_WATERMARK: Add waterarks to the html files of a chapter.
DISPLAY_WATERMARK: Display watermarks of the htmilds of a chapter. WEAVE: Weave pieces of the s&ype,
such as sound bytes, into a presentation. MATCHH2d®ine Growing Book working directory and matchijpgrameters.
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A Technical Report Describing the Growing Book

Please follow " Click here for demo" links to see a demo and learn what input data are
expected. Then you can input real data and click on SUBMIT and/or TRIGGER. Demo
pages have white hackground and real pages have color background.
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Figure 1. Top page of the Growing Book.

The Growing Book is designed using the Active In@gstem as the underlying coordination and corgystem. The
commands described above are message types fActive Index System. In Figure 1, the top pagehef Growing Book
is illustrated. The user can click on the red DEM®@ to first see a demo and learn what input gataexpected. Then
the user can input data and click on the SUBMIK.lin
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Figure 2. The contents of the Growing Book.

The contents of the Growing Book are illustratedrigure 2. The user can enter a number of commindgnipulate
the Growing Book. For example, theeave command weaves the media objects of a certain tiypether to give a
streamed presentation. Thatchpar command enables the user to set the parameteesatoh the Growing Book. Once
the parameters are set, the user can search fomgots similar to a document.
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"Youhave a point there," sard Truzl, "We will have to figure some way around that...... The mam
thing, however, is the algonthm."
"Any child knows that! What's a beast without an algerithm?"

Stanislaw Lem, The Cybenad
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Figure 3. Finding similar documents by highlightegaragraph in a document.

The words in the paragraph highlighted in Figurar@ matched against the words of the documentiseirGrowing
Book at different levels of abstraction, so tha thatched documents can be identified. The Seéniap can then be
used to visualize and retrieve the documents. Simoee details can be found in the companion papbafg01], only a
brief discussion is given here. The Sentient Maplmintegrated with the NetICE environment fotuat teleconferencing
developed by Dr. T. Chen at Carnegie Mellon Unig®etiCE99]. Students and instructors can use émvironment as
a virtual classroom. Several users representdldiyavatars are engaged in a discussion, as shown in Figure 4.
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Figure 4. A NetICE conference room. Figuref6Sentient Map. Figure 6. SentientpMditer point gesture.

When they need information they may turn theirrditta to the sentient map (in bitmap-formatted matieplayed on
the wall, and more information becomes availablk iaralso visible to all the participants of thetwal teleconference. In
the current prototype system, three maps reprebesg point query types -- instructor, subject &tid, as illustrated by
Figure 5. The user can then use the point c-ge&udeuble click) to query on the map. For examiplidie user clicks on
the subject map, an input window will pop up to t&tn/her input what subject he is interested irghsas “software
engineering” or “data structure”. At the same tiraeyorld map will be displayed to let user go othwiis/her gesture, as
illustrated by Figure 6.

3. TheDesign of the Sentient Map System

The system architecture of the sentient map sysdeitfustrated in Figure 7. The sentient map gystevhether in
bitmap-formatted mode or html-formatted mode, atsépe user’'s gestures, pre-processes them, add s@ssages to the
Gesture Analyzer. The Gesture Analyzer is an IGbdaasnalyzer [Chang95]. The different messages dheelCs to
change from one state to another and perform piiredkactions. For example, commands for the Grgvidook are the
currently supported message types. The GestureyZergbroduces SQL query for the database. Afterdhalt is retrieved
from the database, it is visualized and the useisea the well-formatted results for the input gestuery.

The Sentient Map Interface in html-formatted mode will be explained here. d#als with web pages in html
format and has three components. In the first corapy a functiorgetString is written in JavaScript and embedded in
html files. It will get the highlighted text in aels page and change it to the format that can b& ase parameter in a
“POST” message, for example, by changing “space™underscore”. In the second component, a CGIl fonct
timeline.cgi will accept that modified parameter, extract itit® original format by callinggetcgivars() (i.e. changing
“underscore” back to “space”). Then this parameitfirbe analyzed by several methods, and the datalnost relevant to
it is selected by a majority vote of the resultsd dhe results are visualized. In the third compmbnan applet called
MyTQuery is activated. The functionality of this appletaspresent the interface of the query input, penftitat query on
the related database and show the final resuthisnapplet, we defined several functions, sucfuastiongetQuery() that
will write a query by using SQL (Structured Quergriguage)getTable() that will connect to the related database by using
JDBC (Java Database Connectivity), atidplayResult() that will show the final query results by popping a small
window.

The 1C-based Gesture Analyzer of the sentient map interface sends user’s inputheo IC-based Gesture
Analyzer. An index cell (IC) is an active objectthvstates, transitions and actions. The IC deveéoprtools include the
IC_builder, the IC_compiler and the IC_manager.e Tlesigner uses the IC_builder to design the Iasés and actions,
and then uses the IC_compiler to compile them. Mhananager manages the ICs. The IC for the Ge&tnedyzer is
illustrated in Figure 8.

The Similarity Matcher performs matching of sentient maps. Currentlg ibased upon keyword matching, and a
new version will support matching of images andeaisl Finally, thdResult Visualizer supports the visualization of
retrieved results.
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