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ABSTRACT

This paper proposes a framework for easily intégggatand

controlling information visualization (infoVis) cgmonents within
web pages to create powerful interactive “live” doents, or
LiveDocs. The framework includes a set of infoV@mponents
which can be placed and linked within a standardMHT
document, initialized to focus on key analysis lssand directly
manipulated by readers to explore and analyze fiather. In

addition, authors can script the manipulation @ws at the user
interaction level (e.g., to set view options, seléems within a
view, or animate a view). We illustrate our appioagith a

sample analysis of a real-life data set.

Keywords

web-based information visualization, live documergathoring
visualization web pages

1. INTRODUCTION

Advances in Java and WWW browsers are making isiptesfor
web-based information visualization (infoVis) tocbene a reality.
Today, it is practical for WWW versions of scieittipublications
to allow their readers tinteract with rather than just review,
visualizations of data analysis results. Such auve documents
can present graphical results contextas in a static, hardcopy
publication while at the same time providing aneiface for
directly accessing and analyzing the data firsthdn this way,
readers can confirm or disprove the author's resa#t well as
explore the data in search of additional insighite. refer to this
type of interactive document with embedded, comigxt
information visualization components atige Documen{4], or
LiveDoc, for short. In this paper, we present a isetvof LiveDoc
principles that, based on our experience, make teéattive
presentation tools. We also provide technical tketan the
authoring of LiveDocs.

Two primary obstacles stand in the way of the radiibn of the
LiveDoc paradigm. First, LiveDocs are far hardecompose than
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traditional static documents: most prospective Diwe authors
would need to learn a new programming languagedasign a
user interface through which their audiences canipudate the
data, when they would prefer to focus on the reteaontent of
their documents. Second, some LiveDoc readershaite neither
the time for, nor the interest in, the deeper epgilons that the
interactivity allows. The LiveDoc author risks Ingithis audience
altogether, particularly if the user interface negsi too much time
to learn, if it takes too long to access the dataf the LiveDoc

seems too radical a departure from their static udmnt

expectations. What is required is a way to aid enstin efficiently

creatingmore effectivénteractive documents.

One approach to authoring online infoVis documenislves
using (or, more likely, re-implementing) existingswalization
technology. Although progress is still needed toreéase the
efficiency and scalability of infoVis on the WWWeweral web-
based infoVis applets and applications are emerfgingnalyzing
data such as up-to-date financial or geographiat dnline (e.g.,
[11], [9]). Currently, however, most web-based iattive
visualizations focus more on sophisticated, donsaiecific views
and several appear more like stand-alone applitatioat happen
to be accessible through a web browser. Thus, gisdlalizations
can be limited to their own domains, and they magenptially
force users to experience long delays downloadingptex
visualizations. In addition, such views are nosigeed for
distribution in a static form, and they may requisers to spend a
fair amount of time learning the system before ukers can start
to gain insight from their data.

In designing our approach to LiveDocs, we addrdsssd
obstacles by using simple, flexible data visual@matomponents
which are easily embedded in standard web documents
addition, we increase the analytic power of thesmple

components by allowing authors to easily link thémgether.
Currently available sample components include baharts,

smoothed histograms, and dynamic tables (a fornRad and
Card’s Table Lens [10], an enhanced spreadsheetgw).

Our flexible and simple components greatly redueaders’
learning time required for interacting with the wig especially
when authors use HTML controls to automate recond®en
tasks. The domain-independent nature of our viets duthors
use them in different contexts and allows readeitsansfer their
learning about the views to subsequent LiveDocs. OveDoc
framework provides a tailorable (see, for examfB, [2]) and
in-context user interface where only the functigggbertinent to



the presentation is exposed to the user. The céiovah interface
in the form of HTML links or HTML form widgets isrpvided in
the appropriate location in the document, alondhristructions
and suggestions for their use. Placing interadtiads within the
text is in the spirit of the concept of illustrai® appearing in
context, exemplified by [12]. Another advantagettiat readers
can easily and fruitfully read our documents aghiéy were
ordinary static documents, since our components bEarset to
appropriate initial states to appear just likestrations and tables
in an ordinary document. Finally, despite the diaiy of
individual views, they can be easily linked togethe achieve
substantial analytic power, see, for example [13].

Together with these advantages, our approach dlewsafor

efficient authoringof online documents: web page authors can

easily embed powerful visual presentations wittie tontext of
their documents through a standard applet interfideg features
for authors include the following:

default state where all data items are selectedmag set the

initial state to highlight a data subset of interds this way, the

initial state can be used to automatically presact emphasize an
interesting result upfront, without requiring irdetions from the

user.

Scriptable user interactions allow authors to pevsimple links
or control widgets to the readers. Such scriptsfthe following
key advantages:

« they provide readers with quick access to othaestaf a set of
views, thus enabling them to focus on various tssahd
perspectives that a set of views can provide rathen on the
mechanisms on how to get to a particular state,

« they free authors from having to explain how tocewplish
various user interactions,

¢ they enable authors to provide a series of userantions in a
single script.

+ authors can add views to a web page using a simpleFor example, consider the case where the authotswaaders to

procedure;

e authors can add links or controls for manipulating views
(e.g., selecting subsets, setting sort order);

e authors can configure options for the views, ingigddata
used, which variables to display, and an initiatestfor each
view;

e authors can easily link views together while thestam
automatically takes care of technical details sastsharing
data.

Overview. In Section 2, we describe LiveDoc benefits to the

reader, followed by a discussion of benefits to thehor in
Section 3. We then present details about the cdweDoc
components in Section 4. In Section 5, we provideample
scenario using LiveDocs to present some resulta ffe analysis
of some sports data on truck racing. In Sectiowesdiscuss some
related work and in Section 7, we summarize oucksnns and
describe some future work. Finally, we include téchl details
about authoring LiveDocs in the Appendix.

2. AN EFFECTIVE, APPROACHABLE USER

INTERFACE FOR READING LIVEDOCS

In this section, we review LiveDoc readers’ neesisa@ammarized
in the introduction and present our approach taeshing these
needs.

2.1 Easy Access to Key Results in Context

Ideally, readers should be able to review the aaetent and

results presented in a LiveDoc with very littleaify, more effort
than that required to read a static document. meaperience of
writing LiveDocs to be viewed by users who are amperts in

visualization techniques, we have found this tebgecially true.

Most such users tend to be more interested in gettia key

results upfront rather than having to learn howtplore in order

to get to the desired findings. In our approach,agdress these
needs through applet initialization parameters sariptable user
interactions.

The applet initialization parameters allow authtorset the initial
state of a view rather than presenting a view imesdefault state.
For example, rather than presenting a set of linkegvs in a

sort a bar chart by size and select the top thaegih the view. If

authors could not script user interactions, theghhineed to

include instructions such as “To select the toehbars, first
click the right mouse button in the bar chart tcess the
submenu and select ‘Sort by Count’ to order the diaart by

height. Then, use the left mouse button to selextdp three bars
in the chart.” Through scripting, authors can redtieeir text to

“Looking at the_top three bars, we see that....” lis thtter case,
“top three bars” is a linkhfef in HTML lingo) to the script for

sorting the bar chart and selecting the top thees.tNote how the
scriptable version provides access to user intersin context

2.2 Simple Views and Reduced Wait Time

If readers are faced with unbearable wait timeswarwhelmed
with overly complex interfaces, they are less lk# adopt the
LiveDoc approach to interactive visualization inntext. We
reduce the overhead cost of accessing the onlicandent and
related data by focusing on simple, smaller viewg also only
download the data required for the specified viather than the
whole data set. We reduce readers’ learning timenferacting
with views by avoiding overly complex views, agdatusing on
simple and familiar views, and also providing staipe links and
control widgets that authors can set in context.

2.3 Interactively Exploring Results

The real power of a LiveDoc, however, is to go belctatic

documents and support users in exploring the uyidgridata on
their own. We improve the analytic power of theioaldocument
by providing a framework in which authors can coswaoa

presentation of results from a set of views (select which ones
they want) and easily link these views togethesws are linked if
user's selection in one view automatically propagathe

corresponding selection to all other linked viewsven a simple
bar chart view and dynamic table, when linked tbgetor to

other views, can add power to a presentation (eag, Section
5.1).

Interested readers may explore the data using #llecfeatures of
the linked views to conduct their own independerestigations
of the presented data and, possibly, arrive atr th@vn
conclusions that are more relevant to the reader raay be
different from the ones presented by the authors.



3. AN EFFICIENT, EXTENSIBLE
FRAMEWORK FOR AUTHORING LIVEDOCS

3.1 Linkable InfoVis View Components

Our framework for creating LiveDocs provides authwith a set
of simple, configurable, and linkable infoVis viewshich authors
can easily add to a web page through a standailétapterface.
This approach relieves authors from the burdenro§amming
each view by hand and supports them in creatingocs with
some of the effective and accessible features itbescrin the
previous section. Authors can simply pick and cleodke
appropriate views for their data and tailor themotigh author-
configurable options to meet their needs.

3.2 JavaScript Library of Common Functions

In addition to linking, we provide a public commatype
interface to the views to emulate all GUI interant. This
interface may be used to script the initial steftéhe views or to
provide alternatives to a GUI, e.g., speech interfa

We also include a JavaScript library of common fioms so
authors can easily add calls to these JavaScripttiins to
simulate GUI interaction. For example, we providedtions for
sorting bar charts and dynamic tables, selecting wihin any of
the views, and animating selection within bar chaReaders may
choose to record a sequence of interactions tatbe leplayed to
create a customized version of the document.

3.3 An Extensible Framework

While the framework provides an efficient appro&ashauthoring
LiveDocs, it can also be easily extended to accodat® new
views. More specifically, linking between existingews is
handled through a form of publisher-subscriber wésh This
means that any new view developed within the bousfd¢he
linking model can then be added and linked to adistiag views
without requiring the modification or recompilatiaf any of the
existing views. Thus, LiveDoc authors can use tlwsin new
views or combine our views with existing domain-afie views,
providing more powerful analysis capabilities.

4. CORE LIVEDOC COMPONENTS

The current core set of LiveDoc components inclutiese basic
types of views (bar chart, smoothed histogram, dgdamic
tables). Each of these is described in more detddlw.

Bar Chart.LiveDoc bar charts are used to indicate the nurober
cases (i.e., frequency distribution) for each valfi@a categorical

variable. Linking a bar chart to other views prasdadded

analytical power. Clicking on one or more of thesballows users

to select subsets of cases in all linked viewsaribther linked

component, for example a table or another bar clsmnised to

select a subset, each bar is partially highligletecbrding to the

fraction of cases in that bar have been selected.

term “histogram” to describe a smoothed distributiof
continuous variables. Selection within a histogianaery similar
to the bar chart—users can select values via dineetipulation
and selections made in other linked views are ctdte through
corresponding partial highlighting within the higtam.

Dynamic TablesThe LiveDoc dynamic table is modeled after the
Table Lens [10] and provides a spreadsheet-like/ witthe data.
Each column within a dynamic table contains a \deiavhich is
measured on each of the cases shown in the rowes.tdlle
allows panning and zooming, so that subsets oté#ses can be
hidden from view. Each column of numerical datadisplayed
using a collection of horizontal bars, one bar gat, where the
length of a bar is proportional to the numericdueaof its cell.
This allows the user to see trends across rowsrgiationships
among columns. If the user has zoomed in far enotigé
numeric values of the variables are also printethéntable (e.g.,
see Figure 1). Users can select subsets of caaethe&imouse
(after doing so, the selected rows appear in yeldhwwn as light
gray in this paper). By clicking on a column heaglithe user
selects the variable in that column.

HTML Links and ControlsSince we support the use of HTML
and JavaScript for scripting interactions to thew(s), we enable
authors to include any of the standard control eidcavailable
through HTML: check box button, radio button, ingox, or
drop-down choice menu. In addition, users can lattagdavaScript
function call directly to an HTML link. Examples ofur LiveDoc
JavaScript functions are described above in Sec8cdh and
sample JavaScript links and control widgets aresemted in our
sample LiveDocs described in the next section.

ImplementationAll LiveDoc components have been implemented
as Java 1.0 applets. The components have not loetd fto later
versions of Java due to the constraint that manypuwf target
LiveDoc readers are running web browsers that enfyport Java
1.0. The JavaScript controls access applets bykingotheir
public methods. This is referred to as LiveConnéttthe
Netscape browser and it works identically in anotpepular
browser made by Microsoft.

5. REAL-LIFE SCENARIO

We illustrate our LiveDocs approach through a téalscenario
about the analysis of sports data on truck raclig Craftsman
Truck Series is one of the National Associatiorstifck Car Auto
Racing’'s (NASCAR®) top racing series. The vehiclesk
roughly like commercially available pickup truckstlzontain 700
horsepower engines and reach speeds in excesDahilés per
hour on some tracks. The 1999 season consiste8l @fces, with
approximately 35 drivers participating in each, awith a total of
120 drivers appearing in at least one race. Rea@a dre
interesting in that they arise from interactionstween two
groups: drivers and races. We obtained the data NASCAR'’s
web site,www.nascar.cominformation is also available through

Smoothed Histogra’anhiIe LiveDoc bar charts are used to show www.sears.com/craftsman

the frequency distribution of categorical variablese use the

* While bar charts are useful when variables taka small
number of values which might not have an obviowenr
smoothed histograms are better for working withaldes
for which interesting subsets are generally comtirsu

ranges. Potential interactions with these histogra
include changing the amount of smoothness; they are
constructed using an Epanechnikov kernel.



up and zoom in and out)

Summary Information About Individual Drivers:

er [Truck# [wifr

Ford
Dodge

Chevrolet
Ford
Dodge

Hornaday.Ir

Bliss

‘Wins: On the left, we have a frequency distribution (bar chart) based on races won.
X-axis = # of wins by adriver; y-axis = # of drivers who had that many wins. This
bar chart is linked to the above walues list, so0 we can select bars in this chart to
quickly access details and explore interesting questions, such as:

» Who won the most races (and what {5 their rank)? (Select 9 wins

» What ranks do drivers who won one or more races have? (3elect wins > 1

= Are there any drivers ranked among the top 10 who won no races? (Select 0 wins,

Total Winnings (¥): Now we can take a look at money won with asmoothed
frequency distribution (histogram) of Totald, Use the mouse to select money values
within the histogram to investigate the following:

= Who makes the most money (and what are they ranked)? select more than 400K

= Who are the top four money makers and what are they ranked?

= Do you see any peculiarities in the difference between the amount of money won
and the ranking of the drivers? (Investigate some of these in more detail here)

Manufacturer: Now let’s look af the manufacturers. You can click on each
manufacturer's bar to view its corresponding distributions of money won, races won,
and driver’s rankings as shown above. Alternatively, you can make selections in the
above charts and then see the corresponding selections by manufacturer. Select top 11
ranks in the table above, Deapite the fact that there are almost three times a3 many
Chevrole drivers as Dodge drivers overall. among top 11 there are similar numbers
of Dodge, Chevrole, and Ford truck drivers.

Overview of Races of the 1999 NASCAR Craftsman Truck Series

The 1999 season of the NASCAR Craftsman Truck Series consisted of 25 races. Each race can be di
number of track and driver characteristics such as: track type (long, road, or short), the maximum b:
top speed achieved during the race, and the name of the winner of each race. In addition, we also ha
geographical state where the race vras held, the date the race was held, and the name of the driver w
(and who thus started the race in the prime starting position "at the pole’ —— at the inside position of

Below are six linked views: five views of race frequency distributions for track type, banks, race leng
winners’ names; one values list view of race date. Initially, select the races with long track types. Bas
see that races with long track types are characterized by a faitly wide range of the maximum bank {
the largest bank), medium lengths (some races are longer than those of long track types), and that tt
reached in the races on long track types.

If vwe animate track type, we can see the corresponding characteristics of the road and short track ty

Track Type:

Bank: select bank above 17 degrees Race Length:

Another interesting use of these views is for exploring the relationship between winners and racing ¢
winners according to various racing conditions? Compare the top three winners {_Biffle vs. Sprague
can characterize the tvoes of races that each of them won for did not win\ during the 1999 season.

Figure 1. Excerpts from two LiveDocs on the 1999 NBCAR® Truck Racing Season. The web page on the left
summarizes information about individual drivers, while the web page on the right examines data charaatzing the

races.

In the remainder of this section, we present sorampte

LiveDocs for analyzing the truck racing data ddsedi above. We
present an excerpt from the static version of tiveDoc exactly
as it appears in the browser window (e.g., see regu-2),

discuss ways the user may interact with the infodmponents
embedded within the LiveDoc and finally, describewhto

compose such a LiveDoc.

5.1 Example 1: Overview of Drivers and Races
Figure 1 contains two LiveDocs, one which focuses the
drivers, and one which shows details about rac&he first
document includes a dynamic table containing infiiom about
the drivers such as their position in the seasdntpstandings,
their truck manufacturer, and summary informatidowt race
results such as numbers of top ten finishes arad poize money.
The dynamic table is linked to and followed by thi@dditional
views—a bar chart of drivers’ number of wins, a sthed
histogram of drivers’ prize money, and a bar chafrttruck
manufacturers.

The second document in Figure 1 focuses on they stfidhe
truck races included in the 1999 season. Bar sltategorize the
races by the track type (long or short oval or roaarse) and race
winner. Smoothed histograms display distributiafisangle of
banking of the track, track length in miles and #peed of the
track, as measured by the best time by driversumlifging. A
dynamic table (in the lower right-hand corner oé thix views)
contains a single column listing information abmade dates.

Potential User Interactions

In the first document of Figure 1, the dynamic ¢afmitially
displays only the top several drivers, but the wxtourages the
reader to zoom and scroll, e.g. to locate the trixeds who drove
in only a few races but won one. The supportireyvei are useful
for highlighting subsets of the data so that thredes can restrict

attention to these subsets when viewing the dynaatite. For
example, in the document shown on the left of Fglr the
reader has selected drivers with zero wins in otdestudy how
high in the standings it is possible to finish witih the benefit of
a win. The document also contains JavaScript otmtfe.g.,
Select 0 wins) that the reader can click on toofsllanalyses
recommended by the author. These controls are ecoently
located within the text explaining their usage aind close
proximity to the view itself.

Readers can also easily view the drivers with thestnprize
money by interacting with the “total winnings” toegiram or the
neighboring JavaScript control. This helps poinit some
surprising nonmonotonicities: e.g. the seventh elddver won
almost as much as the champion by virtue of havimpn a
$100,000 bonus in the 10@raftsman truck race. This overview
page contains a link to a page with more detaifédrimation in
drivers’ race results. Finally, the manufacturar bhart can be
used to compare manufacturers: for instance, velgti few
drivers use Dodge trucks, but a high percentageoafge drivers
are successful.

The second document of Figure 1 displays detaisiathe races.
This document demonstrates some ways in which ZayaS
controls can enable exploratory analysis with malinuser
interaction through animation: when the user clioksanimate
track type, the control loops over the bars in titaek type bar
chart, selecting each in turn, and propagatingstection to the
other linked views, so that the reader sees claisiits of each
track type in turn. The text below recommends carimg the
races won by the three drivers who won at leasktihaces: while
the three did not differ in preferred speed orkriength, Greg
Biffle seemed to prefer the flattest (least bankadgks, Jack
Sprague was best at driving at a severe angleewlghnis Setzer
had most moderate tastes.



Creating the LiveDoc Example

In this section, we provide some technical detailscreating the
first sample LiveDoc of Figure 1. Excerpts of th& ML source
for the LiveDoc web page are given below. It stavith HTML

headers (containing definitions of relevant Javig®dunctions),
continues with the presentation text and includastrols in the
form of links and views included via applet tagshil& we

provide general details describing how to authbivaDoc in the
Appendix, we explain some of the specifics of teisample
below. Due to space limitations, we do not incltioe full HTML

source for the document, but rather highlight kegneples and
omit redundant text.

The first control, provided as a link in the tekibae the dynamic
table, is a link that allows the reader to scraivd within the
dynamic table:

<a href="javascript:doCommand(’PAN VERTICAL -10’, driverlist)">down</a>

The “javascript:” type tells that the link contaidavaScript code,
“doCommand” is a utility function that invokes pigbmethod
“doCommand” of an applet “driverlist”. The firstgarment is the
command to be executed by the applet.

The fifth control (i.e., the one for Select 9 wispalso a link:

<a href="javascript:doCommand(REPLACESELECT ORDER SMALLEST",'wins’)
">Select 9 wins.</a>

It selects the bar on the left that contains deweho won nine
races.

The first applet tag describes the Dynamic Tabdswi

<applet name=driverlist code=spr.views.DTable.class width=700 height=250>
<param name=url value="drivers.txt">

<param name="Variable"
value="Standings,Driver, Truck# Mfr, TotalPts,Starts,Wins,Top5,Top10,Total$">
<param name="SortBy" value="Standings">

</applet>

Drivers’ Summary Info:

B J57rd0s

Qualifying Results (Starting Positions): (animate) Before arace beging, each driver must participate in a qualifying round to
determine their starting position on the track for the actual race. Inthe

qualifying round, each driver takes a timed solo run around the track. The
drivers are then rank-ordered by their qualifying time. The driver with the
fastest qualifying time gets the best starting position “at the pole” —— the
inside position of the front row,

Above, we have a values list table summarizing information about each of the
drivers. Along the left, we have two frequency distribution bar charts: one for
qualifying results and one for finishing place, We can thus use these linked
views to explore information such as:

= The distribution of individual driver's qualifying and finishing results for th
1998 seqson, Click on a driver in the values list to see the distribution of his
gualifying and finishing results highlighted in the corresponding bar charts,
E.g.. compare the top five drivers by examining each of them: Sprague vs.
Biffle vs. Setzer w5, Compton vs, Sauter,

» The relationship between qualifying and finishing positions. Compare the
distribution of finishing positions by qualifying result. E.g., compare 1st
gualifier va. 2nd qualifier vs. 2rd qualifier. Or, we can just animate animate

over gqualifying results, Likewise, we can compare the distribution of starting

positions based on finishing places. E.g., we can compare 15t place w5, 2nd
place va, 3rd place, Notice, when you select the 15t place finish, there are
some drivers who managed to finish first starting at the 26th position. We car
select 26th qualifier who won the race. (hide unselected drivers quickly to see
the name of such drivers in the table abowe).

Nowr, Show all drivers again,

Figure 2. A LiveDoc on detailed information from the 1999 NASCAR® Truck Racing data.



The “url” parameter specifies a URL for the datdéo
displayed in the table. The “Variable” parametstslithe
variables to be displayed in the table. The lashpater
indicates that the table will initially be sorteg thhe column
named “Standings”.

The second applet is a bar chart of number of wins:

<applet name=wins code=Ildoc.BarApplet.class width=175 height=130>
<param name=url value="drivers.txt">

<param name="Variable” value="Wins">

</applet>

5.2 EXAMPLE 2: Relationship between

Qualifying and Final Results

The next LiveDoc was designed to investigate theeds’ results
and qualifying performance in greater detail. Tiop table
contains brief summary information about the disvand can be
used to select subsets of drivers to highlighttthe bar charts
below. The two bar charts contain finishing pasitiand
qualifying position information (qualifying conssstof a single
solo lap around the track by each driver and detesthe order
in which drivers start the race). By selectingrae driver (e.g.,
Biffle, as shown in Figure 2) one sees distribugioof his
qualifying and finishing positions. By selectinigettop several
drivers on the top list, one can investigate thedtlyesis that top
drivers tend to qualify better than they finishne® more
uncontrollable events occur in the course of airerdce.

Also, one can study the effect of starting positim finishing
position. There is naturally a trend in which ésgualifiers tend
to finish better, but a surprising result appeatsenvthe user
clicks the JavaScript control to animate the quiald results.
The distributions of finishing position for drivetbat start in
given positions appear to oscillate back and fortith odd

numbered starting positions being more favoralideld and even
positions differ because the race begins with theets in two
files, with the odd numbered qualifiers on the diesof the track.
Furthermore, if we select the winners, we see tra driver
managed to win, even when starting at th& p6sition (in the
qualifying results chart). By selecting the "26osition in
“intersect” mode (using shift-click, or “INTERSECESECT"

command), we can immediately identify the driverowhanaged
to accomplish that task.

6. LIVEDOC USAGE AND OTHER

APPLICATIONS

The LiveDoc framework has evolved over the pastptowf

years, primarily through its use in a project faogs on

understanding and tracking the development of lagiware
systems. Over 100 LiveDocs were created as patisfproject
(in this paper we present only examples with nofidential

sports data). These LiveDocs were used to fadlitatlaboration
among researchers on the project, as well as semisate results
to researchers inside and outside of the projecttaddition,

LiveDocs containing summary information of key résuvere

presented to middle- and upper- management of tfisvare

development departments being studied. The reguhtsided

managers with feedback on how the software of ttiepartment
had evolved over time as well as hints to how tmeight

restructure their code or their organizations topriowe the
software engineering process.

The early version of our LiveDocs framework did ratow

authors to set the initial state of LiveDoc viewngonents. When
readers reviewed these older LiveDoc web pageg,dbeld read
about key results, but they were presented withalisesults that
did not initially highlight or match the textual stiption of

results. This was particularly problematic for mgexs, who often
did not have time to interactively select or expldhe data on
their own. This user feedback led to the additiomaglplet

parameter for setting a view's initial state. Thmlity to set the
initial state of the view applets allows us to preskey results
upfront while still preserving the ability to lesers explore the
data on their own (and in context), if they ardiired to do so.

Earlier versions of our LiveDocs framework alsolired control

widgets as separate Java applets rather than asScrgu

components. While the concept and functionalitytied Java
applet and JavaScript control widgets are verylaimihe use of
JavaScript has the added advantages of smallerasizegreater
extensibility. That is, with the use of JavaScrigaders do not
have to wait while extra applets are being loaded} authors do
not have to program new controls in Java when a view or

functionality is added. The move to JavaScript ssitated the
introduction of a simple language to script thewse(since
JavaSript can pass strings to Java methods, buiotatirectly

create Java objects). Such a language can be wvsextript

arbitrary user interactions and to provide an ah#ve to a GUI
interface.

The use of LiveDocs within the above project onlyziag large
software systems also led to the addition of neweDbc views
that were tailored to particular problem domainkey included
geographic and abstract layouts and views to disptftware
code and changes. Most of the applications, howedier not
require construction of additional domain spectiws.

In addition to the LiveDocs for presenting the ssi of truck

racing data (Section 5) and the LiveDocs for charang large

software systems described above, we have alsdedpfthe

LiveDocs approach to the analysis of organizatiatzah and to a
case study of the Ty Company’s success with theniBeBaby

collectible toys.

In the future, we plan to provide a new, direct-ipatation
interface for authoring LiveDocs. This will be dométhin the
context of a larger project referred to as InfdS#hort for
information distillery; see [14] for more detaildh the InfoStill
framework, authors will have a GUI interface foreating
LiveDocs and the HTML, including applet tags, wibe
automatically generated for them.

7. RELATED WORK

Commercial or free Java applets of simple charthsas bar
charts, pie charts, etc. are available today (g7g)., Such charts
have the advantage of dynamically displaying thestaversion of
data, allowing authors to include simple chartsiitt having to
program them by hand, while appearing like a typistatic
document and thus easily accessible to readersoddh some of
these charts support some user interaction, suihagtion is
typically very limited (e.g., panning in 2-D chartstating of 3-D
bar charts). Also, to our knowledge, none of thedsting applets
support linking between views and thus lack the lyical
capability that is available through LiveDocs. Thgtthe power
of the LiveDocs approach is that it provides batbess to simple



views and support for conducting sophisticated yailthrough
data exploration within a linked views paradigm.

As mentioned in the introduction, more sophistidaeb-based
infoVis applets are becoming available for visualiz and

exploring data such as financial or geographicah da1], [9].

Unfortunately, these more complex visualizationadtgo be
tailored to a particular domain and/or are largersize. Thus,
while such views may provide unique analysis cdjigs, they
do so at the expense of requiring users to leaewainterface.

Much of the research conducted within the infoV@nmunity

has focused on creating new visualizations or fates to

visualizations to support users in accessing olyaimg data via
direct manipulation (e.g., [1], [3]). While soméeattion has been
given to the problem of automating the presentation

construction of appropriate visualizations (e.®]),[ such work
has not taken the notion of visualization in cohtéxg., with

textual descriptions or annotations) into consitdena Previous
work on analyzing the types of tasks users conducing data
analysis through infoVis indicates that users ab&si
presentation-related tasks (i.e., creating and ribsg a

presentation of results) to be both important ame-consuming
[6]. Our LiveDocs approach is designed to suppaothars in

easily creating and customizing such presentatainsesults in

context, while still providing interactivity to ebke readers to
easily investigate claims made by the authors.

8. CONCLUSION

In this paper, we presented our current LiveDoaséwork for
providing a simple yet powerful information visuadtion
platform targeted to users that have limited to emate
motivation to use sophisticated visualization syste

The framework is based on a set of visualizatiommonents that
are used to compose domain specific Web pages inmiples
HTML authoring. The parameters of the componentswal
authors to specify linking among the componentsd, taninitialize

and customize the set of controls for the companent

We illustrated our framework through actual LiveDexamples
applied to real-life sports data. Our examplessiliate how
setting the initial state of LiveDoc components vides visual
support in presenting key data analysis resultkeli interactive
views allow readers to further confirm and explm@sults on their
own; and author-scripted interactions presentamittext, engage
the reader and minimize the learning effort.
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APPENDIX: AUTHORING LIVEDOCS

The technology for composing a live document isnany ways
similar to the technology for creating a regulaegantation or
report. A favorite word processor or HTML editor yrize used to
create the text and format the presentation. Tlstihtions (at
this point, dummy images corresponding to theahstate of our
interactive views) can be placed in the appropnmaéees within
the document. Once that is completed, the documant be
exported to HTML format, if necessary, and the dymm
illustrations and controls can be replaced by tttea views. A
significant departure from creating a regular doentis the



necessity to decide which interactions with whiclews to
provide to readers and where to place the apptepe@ntrols.

Our base prototype collection includes Bar Chaistdgram, and
Dynamic Table views. When adding a view to a LivePauthors
must specify the type of view and data source patars and may
optionally set an initial state of the view andomhation for

linking views together. The table below describes tifferent

types of view configurations. The parameters far dpplet tag

are specified in name/value pairs. Both the nandetlaa value are
strings of text.

If the views share the same string in tlvd parameter, those
views are linked together in the sense that whem tiser
highlights a subset in one view, it is automaticlighlighted in
another view. Also, views that have a commwh parameter do
share the same data, thereby reducing the dowrnioedof the
presentation. Thdoi n parameter allows linking of data from
two data sources by specifying variables to matchhie two
sources.

The command language represents a string basadadite to
user GUI interactions. It includes commands for rpag and
zooming, selection of subsets, sorting columns ars,band
finding a subset of records with specified values.

Table Al. View Parameters.

Parameter

Effect

Data Source

url | setthe data source
Show | select a subset of data records to view
Variable | identify which data fields to show
Initial State
SortBy | set sort criteria for the initial state
Highlight | highlight a subset of the data
Transform | control visual representation of the data
Show Policy | display all case or only selected cases
doCommand | execute a command that changes the sta
the view
Linking Views
Join | link views from different data sources

e of



