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Abstract. Due to emerging technologiesndde area of networlserviceshasgrown up around the
Internet:tools like World-WideWeb provide a massive amount of infoation. Being lost irspace
andoverloaded with informatiomare two problemsinformation consumers confront: there is more
information out ther¢han asingle consumer can manage.cbmsequence, finding information can
be frustrating andime-consuming: users need active support to determimp®tentially useful
information exists,where the information is locatechow to retrieve the information when it is
located, andhowto use the information when it is retrieved.

To addresandovercome problems ¢he WWW, we have designeandimplemented a framework
to integrate agents into tlhuse ofthe WWW. The agents filter information, initiate communication,
monitor eventsand perform tasks. The agentsly on usage profiles tadapt theirassistance to
specific users.

Keywords: User modeling/ntelligent user interfaces, Guided interactiand intelligent agents,
architectures and frameworks, Adaptable and adaptive interaction

1. INTRODUCTION

Due to emerging technologies a widgea of networkservices hagrown up around the

Internet: tools likeNorld-Wide Web (WWW) provide anassiveamount ofinformation [Krol

94]. Being lost in space and overloaded wittformation [Schick90] aretwo problems
information consumers confrorthere is moranformation out there than a single consumer

can manage. In consequence, new strategies are needed to deal with information spaces such as
the WWW: consumers need active support to deterrhipetentially useful information exists,
wherethe information is locatedhowto retrieve thenformation when it is loated, andhow to

use the information when it is retrieved.

One solution is that software agents activ@lpport a user. Thkeind of tasks that agents
might perform in such systems is ranking from supporting the navigation and browsing process,
making the information retrieval easier, doing sorting and organifingexing) jobsfor the

user, and filtering information in large data bases [Laurel 90].

We explore theusability and usefulness of thablution to reduce thenformation overload
problem. Theusability will beimproved wherthe existing functionality can badapted to the
user’sspecificneeds. Andhe usefulness W be improved by extending WWW's functionality.



Based on emirical studies of users and their problemsl&aling with large information spaces
we have developed the systems&R (Building Agents Supporting Adaptive Retrieval).

2. FEATURES OF BasaARr

BAsAR embedssoftware agents acting as personal assistants WYNBV. Theseagents offer
support by (a) adapting searching and filtering, and by (b) reducing and restructuring the access
space to active views as task-dependent personal information spaces.
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Figure 1: Interfaces of &AR

‘BASAR provides users with an interface to createl manage agents—thisdene withwindows and dialog
| boxes in the BsaARr environment. Agents present their task results in a WWW viewer, for exangged/and
|agents communicate through the user’s preferred method—for example, via email if the user is absent.

BAsAR embodies the following characteristics [Thomas 95].

Software Agents BASAR provides users with an environmeior creating andusing
agents that actively suppathhtem in locating, relocating, aniitering information they
desire (Figurel). BAsArR comes with et ofpre-defined agents (see Table 1); it is up to
the user to choose one of these agéota a menu or t@reate new agents lmsing an
agent editor. Active agents are listed in a window ithfatmsthe user abouheir ongoing
tasks.

Usage Profile BAsSAR builds a model othe user (preferences, interests, and tas&is)y
both explicit (askingthe user) andamplicit (observing the user) meting techniquesThis
is done to adapt the assistance specific to each user [Fischer 85, Krogseeter 94].

Active Views BASAR provides users with a concept for creating persarfalmation
spaces along a semantigakaning that is independent tife WWW-viewer (such as
MOSAIC Or NETSCAPE. An active view is defined asset of bookmark®elonging to the
same header in combination wittsat of agents attached to 4tictive view> = <bookmark
header> + <bookmark links> + <agents>.

The agents are responsible for keeping an aciexe manageable by addingpdating, and
removing information links. For example, agents make suggesti@ddinformationlinks

to a view if these links have been visited often by the user ipatsie agentaotify the user
when information has bearpdated, or agents suggestoving links that have become
invalid. An active view is user-specific; its description @eat of the usagerofile allows
analysis of user’s actions on that view, for example, searching for, deleting, or adding links.



BASAR has been implementéor the WWW client Mosaic under X-Windows in VisualWorks
2.0. The usemormally interacts with WWW and MosAiC. BASAR has access to the
functionality of MosAiIc, to thelogfile of user actions, the usageofile, and tothe distributed
Web space.

The user of BSAR deals with active views; ageniork on theseviews, andhe usagerofile
makes the assistance of the agergpecific to eachuser. To briefly summarize, these
characteristics will improve the usability and the usefulness of the WWW as follows:

Users gefactive supportfrom the system;for example, agenteotify the user about old,
new or updatedhformation relevant to an active view. So far, hotlists and bookmarks are
passive repositories for information (links).

Users can delegate tasks to agentsexample, users can ask agentsotuk for newlinks
in the resultiist of a searclprocess that are not stored in tser's personal information
space. So far, users have to do that by hand.

Users can ask agents to perform periodical taskseXample, agents cdook for new
information on a specific server every week. So far, users have to do that themselves.

Users getuniform access to search engines with a knowledge battes ibackground
describinghow thedifferent search enginasork, how to callthem, the bestime to call
them, and how relevant their results were inghst. So far, usersate to remembehat
every time they call a search engine.

Delegating tasks and supportitige browsing andgearchingorocessenable auser to (a) use
less time to searde same informatiorspace, or (b) search a larger space irstme time.
These represent two important strategies to reduce the information overload problem.

3. A SCENARIO: USING SEARCH ENGINES

The following scenario illustratesur ideas andnay help to clarifythe underlying conceptual
work. Suppose, aiser's task is to create a persomarmation spacecalled “lifelong
learning.” We assume that this information spadke gvow dynamicallyovertime and become
a permanent information repositoriumadfuseful WWW linksrelevant to the area défelong
learning, including links to research institutions, grants, people, papers, and initiatives.
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Figure 2: Searching in the World-Wide Web withouSBR



3.1 How Information Consumers Use Search Engines

One usual way tastart with the WWW is to call one (or more) searctengines that are
requested to returiinks relevant to a given search key. Ithen the user’s task tidter the

result (Table 1) by hand (Figu®). As search engineare still the most popular tools tiind
information in the Web space, we were interested in how people use these tools. Therefore, we
developed a questionnaabout searckngines and distributed it toGMD newsgroup and to
de.comp.infosystem$&he most important results (based on 22 replies) are:

Users tend to use the same search engines again and agaittaronhat theyare looking for,
e.g. persons, institutions, software, publications, etc.—despé&ewell-known fact that
different search enginesse different techniques and algorithmsatalyze WWW pags. Once
users get used to one or more specific search engines they stay with them.

Three-fourths of the respondents repeat a search smkater on with thesame keywords.
This is done for almosttwo reasons: either people want to know whether some new
information relevant to the search key has been adddw World-Wide Web or peopley to

find some lost information link again.

Once a search engimeturns a results, it is up to the user to select relaatormationlinks
and interpret the results what depends on ugarie and experience. &4t usedselection
criteria forlinks are, forexample,the order suggested by tlsearch engine, a geographical
order, or thereference string. Users tend to sel@dts in search results in differembanner
than they are displayed to the user.

Most users storeesults from search engines that seem to be relévanheir purposes as
bookmarks in their bookmark list. Managing bookmarks and bookifistskis anothervery
important task foinformation consumers to deal with information overldad,a discussion
see [Thomas 96].

But difficulties thatcome with search enginase notonly restricted on how to use the results,
they even start when a search engine has been selected.

Accessibility: Sometimes search engire® notaccessible, eithetue to a shutdown, too
muchnettraffic in generalfoo muchnetwork accesses to the seagcigine at query time,

or other facts. In consequence, the Unsey to calthe searclengines again and again until
success is achieved.

Validity : Whenresults are returned, users need to know whias are still valid (links
becoming invalid over time is a general problem for the WWW). For example, a (randomly)
selected entry fronthe results of the sear@ngineRBSE’s URL database leads to an
unexpected error:



Not Found

The requested object does not exist on this server. The link wou followed is either ontdated , inaccurate, or the
server has been instracted not 10 let wou hasre it Please inform the site admindstrator of the refendng page.

Multiplicity : Users need to knowvhich links appear in more than one search result if
more than one seara@nginewas involved inthe search process. In consequence, users
have to compare the different results by hand and remove duplicates.

Already known: Users wants to knowvhich links are alreadystored intheir personal
information spacge.g. described through bookmarks). In consequence, users have to
compare the links in their personal information space with the new ones.

Minor relevance: Users would like to easily identifyre links they have already visited and
considered earlier to be of no or minoterest. In consequence, users spamubying time
looking at sites that are not worth looking at.

Iterative process There is no support in doing a search periodically. In consequence, users
have to call search enginexplicitly every timethey want toupdate theirpersonal
information space.

Name of Search Engine Result for search key "Lifelong Learning”

NIKOS 2

RBSE'’s URL database 100 (number restricted by user)

Jumpstation Il 0

Lycos Found 14434 documents matching at least one search term. Printing only
the first 15 of 14434 documents ...

WebCrawler found 102 documents, returned 25

Table 1: Results of Search

‘Thistable showghe result of thaise of fivedifferent search engindbat have been called witthe keyword
"lifelong learning.” Thequality and thegquantity of the results igery different among the search enginéhis
| small experiment was done at the end of May 1995.

The user has to be aware of these problems whieg search engines. To sum, these tests
confirmed that users have difficulties in making efficient use of search engines.

3.2 WWW—with BASAR

In consequence, we support teearch process by introducing agents, usage profiles, and
active views. Firstthe userdefines an active view called "lifelong learning.” Thisdisne by
creating the new active view in a simple dialog box, see Figure 3.



The call and the results of a search processtared in the usagerofile togetherwith the

actions the user performed on these results. The search agent evaluates the success of a
specific search and uses it later another search task (teapport of asearch agenmproves

with the number of its usages). The extracted information is used when the user calls the search
agent again. Ithe searclenginereturns a result, the search ageiters all the information

links according to the usagarofile, for example, telling thathe user is most interested in
information links coming fromeduor comserver sites.

_| Edit Views =]
ig:ff:a:?x’ed“, |L1felung Learning :I
add view | copy view remove view |

LZD - Center for LifeLong Learning & Design A
Project CLOUD of GMDLFIT HCI Division
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Figure 4: Creating the Active View "Lifelong Learning”

‘The creation is done inABAR ‘s "Edit View” window by selectinghe "addview” buttonthatasks forthe new
|view’s name.Once created, linkare added tdhat view by selecting "add pages.” In this example, the new
| view starts with two links.

Second, the user creates an agent to work orvibat The type of agent that is relevant for
this scenario is called search agen{which isone of thepredefined agents that comath
BASAR, see Table 2). The search agent mediates bet#erent search engines atite user
(Figure4). Itsbehavior is influenced bihe information contained either the logfile or in the
usage profile.
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Figure 4: Searching in the World-Wide Web withdBr

The logfile contains theglobal history, that ighe set oflinks the userhas visited But the

logfile does not knovanythingabout thesemantical meaning of a WWYAge,such as that it
describeghe result of a search process amal/ contain aset ofrelevantlinks asked for by the
user.And eventhe logfile does notcontain theinformation that a searcprocess hadeen

started.This isthe point where the usageofile with itsthree part§domain-specificstask-

specifics, and user-specifics) comes in, see Figure 6.

The domain-specificpart (which isthe network knowledge baswlls the agent (a) how to
call search engines, (b) wherthe bestime to call them, an¢c) to try to call asearchengine
later on againuntil success ifthe requestfails. This reduces the'accessibility” problem
mentioned above.



Filter Retrieved Links To Adapt Search Result
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Figure 5. Creating a Search Agent

‘The dialogbox onthe left provides users with a common interfacetlte most popular search engines. The
|agent will call theselected search enginestil reachingsuccessThe window onthe right pops up after
|se|ecting the button "filtepreferences using new.” It presents a tablthefuser'spreferences on how to sort
|the search results.

The task-specificparttellsthe agent (a) to delete thple occurrences of theame links if the

user has selected more than one seangme(reduces th@roblem of "multiplicity”), and (b)

to compare the resulinks with the links alreadystored in theuser's personal information
space (reduces the "already known” problem).

Due to an entry in thaser-specifigart of the usagprofile, the agent isble to evaluate the
relevance of former search reslitks for the user: if the usatid look at a link butdid not
store it, it is supposed to be of minor relevance.

And last but not least, search agents, as all the other types of agantsyistem, can perform
their tasks periodically, which reduces the "iterative process” problem.

The results of a search process camotmered bydifferent criteria, such as country code,
server sites, document type,wsited pa@s. The type of ordering specified eithemplicitly

by analyzinghow the user dealed with search results of former seaoshexplicitly, by
editing a dialog window from the usage profile, see Figure 5.



3. THE CONCEPTUAL FRAMEWORK

We haveadoptedindirect managemeriKay 90], seeFigure 6, as théundamental model of
interaction because it integrates agents supporting users in doing their tasks @&dtland.
users and agents initiatemmuncation, monitor events, and perform tasks instealdawing
unidirectional interaction via commands and/or direct manipulation.
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Figure 6: Indirect Management

‘The agent acts as an additional component to the user and the application. It depends on agent’s tasks whether
| it is modeled more closely to the user, to the application or to the interface.

The purpose of the agent is to assist the user aadajoithis assistance to be specific to each
user. A user should Bble todelegate (sub-)tasks to the agent, whereas the agent should be
able to inferthe need fomser-specificsupportduring a problem-solving or task-performing
process.

This model leads to a conceptual framewinkintegrating software agents in tddVW, see
Figure 7. An "ideal” agent support (i.eimproving both usability and usefulness) needs
knowledge about the interaction between the aserthesystem(for user-specificsupport),
the functionality of the system itself (for task-specs#ipport)and theproblem solvingorocess
within the application domain of syste(for domain-specifisupport).These different types of
knowledge are covered in the usage profile.

For the purpose of &AR, we havecreated thregpecific classes of amgent:interfaceagents
(that know to comnunicate withthe user)task agents (that know to perform a task), and
networkagents (that know to communicate across the network).
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‘Agents have access to bdtte functionalityand theresources ofthe application by its programmer interface.
| Also, agents have to communicate with the user. Thisristhrough the agent's user interface, whiottends
|the original user interface of the application.

Interface agents mediate betweka user and task or network agestsnmunicatinghrough

the user’s preferred method—fexample, vieemalil if the user is absent ora a blinking icon

if the user is present. If a network or a task agent wants to contact the user, it requests an
interface agent. The interface agent's behavior—thatallowing, deferring, ordenying
contact—isdefined and determined liye usagérofile. A subclass of an interfaegent is the

view agent which is responsibléor presenting an activeiew to the user. Theview agent
constructs a default representation of the actieev by getting aview description from the

usage profile.

Task agents suppaatiaptive filteringthe creation of activeiews, and locating and accessing
relevant information. Some examples of build-in task agents are listed in Table 2.

Network agents arenplemented on a client/servarchitecture. Based on their knowledge of
the network—Ilocation of sear@ngines, availablserver.time zores, different types of server
sites such as .com, .edu, .de—network agents ship task agents to appropriate WWW sites.

The user interface of &AR hidesthe distinction between interfactgsk,and network agents
from the user; the user simply interacts with agents thraemhil, icons, dialog boxes, or
within active viewsThe top-level window of BSAR informsthe user aboull active agents
with a short description of theitask. Italso provides the user witlunctionality to create

active views(see, forexample, Figure3), to edit the usagerofile, and tocreate agents
through an agent editor, fexample, givinghe agent aaame, specifyingvhether the agent
should do a single or a periodidakk, selectingthe task to perform, anallocating an active
view to the new agent for presenting the results.



5. RELATED WORK

Software agents technology is onway to beingused incommercialproducts, forexample,

for workflow and networkmanagement, in messaging, and in information retrigvailfoyle

94]. Forexample, Apple’'s ARPLESEARCH softwareenablesthe creation of personal search
agents ("Reporters”) to searahicoming mail messages and documents from on-line services
[Roesler 94], or ELESCRIPTlets users send executable programs iridima of agents through
the network [Wayner 95].

Predefined Agents Purpose

clean-up agent takes the hotlist, looks for dead links, asks the user to delete hotlist
entries not selected for a period of <n> months

search agent supports users in the use of search engines and their results

filter agent compacts information and adapts it to user’s need according to the

usage profile

monitor bbs agent this agent monitors a Web page used as a blackboard for an active
(bbs = bulletin blackboard system) group view

Table 2: Built-in Task Agents

In the WWW, search engines, also called Internet Agents [Inde®bguare thdirst attempts
to integrate agent technologgut, asseen in thigpaper, their conceptiffers in many ways
from the concept of the assistant agents of interest to us. Anothewithvesgent technology
in the WWW has been named “collaborative information filtering,” a techniqusujaport
information consumers ifinding relevant information by makingse of what otherfiave
already found and evaluated [Mal@5]. For example, WbMR [Shardanand 95] is a
collaborative information-filtering system based on learning agent technology [Maes 94].

In contrast to searclngines, systems such asMR build auser profile,called an interest
profile, and make personalized recommendations basedvalues assigned byther people
with similar tastes. Suclsystems can be usddr any databasewhich may be ofgreat
advantage on the one side, but on otiger side they donot contain, like BASAR, WWW-
specificknowledge,analyzeuser’s dialog history, anduild ausage profile thasupports the
managing of WWWpersonal information spaces. Taur knowledge, BSAR is a unique
attempt to integrate agent technology with user modeling techniques into the WWW.

6. DISCUSSION

BASAR is the newest prototype wur ongoing research efforts to explore #gmmbedding of
intelligent agents and user adeling techniques into domain-oriented systemssAR
continues thavork of anearlier implemented system.BXCEL [Thomas93, Oppermanrf4],

as an adaptive user interface extension for the spreadsheet program Excel® from Microsoft.

In our conceptual framework, we consequently haoptedindirect management as the
fundamental metaphor for human-computer communicatiowhich raises numerous
conceptual, technical, and social issues. These issaes consequence of tivexed-initiative
dialogs made possible lilie agentsWith BASAR, we areinvestigating these issudsr the
WWW as atesting substrate of a new typeiformation space. The conceptual issues we are



investigating with BSAR includecontrol ofinitiative and intervention, anfibcus of attention.

The technical problem#nclude the embedding ofagents in theWWW as an existing
information space, their communication wWW clients such as MsAIC, the use of

existing WWWtools such as search engines, usanipulation ofagents through an agent

editor, activation of agents, and presentation of agents and their results. Social issues addressed
by our research includehe new role distribution between user and agemaspely, the
embedding oBgents in new types of information systems that complement information access
with information delivery.

7. FUTURE WORK

The futurework on BasAR hasmainly two directions: (a) identifying its shortcomings by
assessments arempirical evaluationsand (b) extendinghe concepts of activeiews and
agents to support groups of users.

One shortcoming obur prototype is that iheedstwo systems, aNWW viewer such as
MosaIic and a ®IALLTALK environmentfor the creation and control of the agents and the
active views. A much nicer idea is to matke basicfeatures of BsSAR directly accessible
throughany viewer ofthe WWW, as isdone, forexample, in WMR. This couldsimplify the
installation and loading of &AR and its communication with agents and views.

Until now, BASAR has beerfor single users. To make it suited fog@up of users we started
to extend active views tactive groupviews For example,the view on ’lifelong learning”
could be used by the members of different research groups as a joint information repositorium.
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