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Abstract

This paper desribes a collaloradive effort to exgore user
needsn a digita library, develop interface prototypesfor a
digital library, and suggst and pratotype tods for digital
librarians and users a the Library of Congess (LC).
Interfaceswereguided by an assessent of userneedsard
aimedto maxmize interaction with primary resoures and
support both browsing and andytical serch strategies.
Toolsto aid usersandlibrariansin ovewniewing cdledions
previewing objects and gahering resultswere creaed and
serveasthe begnnings of a digita librarian todkit. The
designprocess andesultsare descibed andsuggestins for
future workareoffere.

Digital Libraries(DL) offer new chdlengesto an emergng
breedof digita librarianswho mustcomhbine the principles
and practices of informaton maragenent with rapidy
evohing tecmological devdopmerns to creat new
informaion produds and services This paper degribesa
collabaatve effort to expore user neadsin adigital library,
devdop interface probtypes for a digital libray, amrd
suggestandprotatypetoolsfor digital libraiansand users at
the Library of Congtess(LC). Over a two-year peifiod, a
team of desgnersfrom the Univerdty of Maryland worked
with LC staff to dewelop the interfacesard tools for the LC
Nationd Digital Library Progam The interfaces were
desigred accordng to the prindples tha users shoud
maximize thar interadions with information resoucesand
minimize thdr attention to the sysem itsdf, and tha both
browsingandsearc strateges should be suprted. These
prindpleswere marifested in the following spedfic design
goals:

* Minimize disoientation by redwcing navigaion (e.g.,
minimize scrolling and jumping, flaterning hierachy)
andarcholing usersn acansistent;

* Provideprimary information at the earlieg paoint in the
interaction aspossibé;

* Supportrapd relevarce decisions through overviews
andpreviews

The tools were desigred to hdp usersand LC daff to
examine andusedifferert digita objects There were three
typesof tods devdoped:

* Overviews ofcollections

*  Object previwers

* Object gahelers

This paper provdesbackgroundon digital libraiies ard the
LC Nationd Digita Library Progam, degribesthe overdl
collabaatve project focuseson the iterative designof the
interfacesand tools for a special cdledion, and condudes
with adiscussionof resarch anddevelopmert needs.

Digital Library Research and Development

Digital libraries are the Ilogical exensons and
augnerntaions of physcd libraries in the eledronic
informdion sodety. Extensionsamplify existing resouces
andservicesand augnertations enalle newkinds of human
problem sohing ard expression.High levels of attenion
andfunding werefirst given to digital librariesin the early
and md 1990's leading to aplethaa of visions andprojeds
invatiably driven first by finding waysto apgdy the many
tedhnobgiesdevdopedin the 1980'sand secord by desies
to creatt new techndogies for manaing distributed
informdion resoures (see April 1995 issue of
Communications ofthe ACM for desciptionsof vaious DL
projects ard the May 1996 issue of IEEE Compuer for
desciptions of six prominert projeds). In same cases
notally the efforts of nationd libraries or large academic
libraries, efforts focused on extendng accessto exising
collections throudh digitization and network aaess At
presen, digital library projeds have focusel on dewelopng
digita collecions and provding rather limited aaess
servces.

Marchonini (in press)has chaaderized DL resarch and
devdopmert as faling into four caegaies cortern,
servces,techinolbgy,andcuture. Regach issuesdatedto
conentincludesthe integaton of mutimedia objects data
acqusition, including aralog to digita conwersian; metadda
extradion and sardardzaton; indexng, storage and
retieval;, workflow processes amd maragenment and
collection presevation and mainterane. Senice resarc
issues arstrorgly dgpendeh on user interfacesand include
seart, filtering and browsirg; reference and question
answemg; ard instriction. Technolayy resard efforts are
manly relaed to high-speed netwoking, searity and
billing, andinteroperklity acrossmary DLs. The culture
issuesindude intelledual property, insuiing daa qudity,
privecy, and equity; and organzationd interfaces for
various communties of practice In addiion to thee
reseach and development challenges,meaissueselatedto
maragng and evaluaing DLs andthdr impact on peope
andorganizaionsare alsoactive areas ofstudy.



The Library of Congess (LC) has long sewved as an
examplar for libraly pradice and led many insttutions in
defining library aubmaton neads. In 1995,LC initiated an
ambtious Natond Digital Library Progam tha aims to
digitize and male awailade five million objects from a
variety of LC collecions. Funded by corprae ard
founddion donaions the program will not only devdop
oneof thepremier digita librariesfor Ameiican cuture, but
also prowde anopportuwnity for resarchersandpraditioners
to addessmany techicd and intellectual chdlengesthat
DLs provide. The program is pushingthe stae of the art in
digitizing large volumesof non-bak andsonetimesfragle
objects creating high quality packagesfor K-12 classromns,
brealing new groundin corporategovermrmert parinerslips,
operaiondizing sophsticaed seardh sevices and creding
innovative interfaces for public and <aff users (see
www.loc.gov). In 1995 the LC NDL Progam cortracted
with the University of Maryland's Human-Gomputer
Interadion Laboraory to collaboat on the interface
devdopmert for the NDL.

The focus here is on user intefaces and the work of
reseacherscreating interfaces for information retrieval and
dat visudizaion is paticulaly apgicade to DLs.
Although there hawe besn a nunber of innovaive
appraches to suwporing search the WWW environment
has only recertly begunto suppat the bastc interaction
techniques availalle in standdone or ealier client-sever
environments (e.g., multiple windows, mou dynamics,
staeful interaction, etc). The extension of HTML (e.qg,
frames)andespedally the developmentof Jawa ae albwing
desigrers to port interfaces to the web environment so
impottant to DLs. For examge, sewerd projeds am to
improve userinformaion sesking by closdy coupling text
seart with visualization methodsto display theresut of the
searbes(e.g. Tilelars [Hears, 1995] Envision [Heah et
al., 1995). Otha projects adlow users to directly
maripulate daa, thusintegating search anddisplay, (e.g.,
dynamic queries [Ahlberg & Shnéderman, 194,
coninuous zooming [Bederson& Hoallan, ], ovedays and
lens'[Raq etd., 1995]

DL andmutimedia resard hasled to innowative interface
widges for speialized matrials (e.g, video skims
[Wachleret. a., 1996] quely previews[Doanet. al., 1996]
and zoanable maps[Smith, 1996]) Improwed tods have
spurred humanc€ompuer interadion reseachers to apgy
interface design metaphorsard widges to web browsing
appications (eg., book metaphor[Card et al., 1994, decks
of cardsmetaphor[Brown and Shiller 1996], tiled elastc
windows[Kandog@nandShreiderman1994. Thus todg's
DLs that deperd on WWW are increasindy alde to take
advantege of the fruits of humancompuer interadion
resesch.

In ourNDL prgect, there were two bast decisions wemacde
to appl dynamic queryinteraction sylesto meetthe projed
goals First, a the projects incegtion we adoped JavaScrpt
andJavato overcome the limitatons of HTML display and
cgi scilipt-basedinteraction. Seond, to overcome the lack
of commonmetaddafor al objectsin the NDL, we divided
user browsing into two comporents by devdoping a
collection browser distinct from the within-cdlecion
browser. These soluions are illustrated in the resuting
designs

Phase 1: Problem Identification and Team Development

The first phaseof the projed ertailed defining the NDL

interface context dewlopgng a use-ceneral interlibrary

designteanm, andidenifying the basicfunctiondity for NDL
interfaces In this phase (Segember 1995 through May
1996)thefollowing ectivitiestook pace

A NDL working group was formed a team mai reflector

and web site were egaHished, and reguar meetings were

heldto braindorm, sketchdesigis,andreat to praotypes;

* An NDL working groups was forned, a tean mail
refledor and website were egalised, ard reguar
meetings were hdd to brainsbrm, sketch desgns, ard
react to praotypes;

» A serkesof four public briefings were held a LC to
focusatertion onkey usereertereddesng togcs;

* A user-rdas asgssmeh was conduwted that dicted
input from LC Readng Roam gaff, teachersin volved
with NDL orienation sessions sdool library media
specald supervisas in the siate of Maryland and
parers andworkersat aday-carefaciity in Michigan;

« A seres of interface designs were sketthed and
mocked-p for discussio.

Basinginterface desgns on the needsof usersis a central

prindple of usereertered desgn. A number of stepswere

taken to assessthe needs of tradiional uses of LC

collections and to prgect the neals of padertial users

attraded by the remately accessitte NDL (see Marchiornini,

Plaisant & Komlod, 19% for detals on this phaseof the

project). The resuts ill ustiated the needfor content-sgdfic

seart stategesaswell aspos aset of desgn challenges

acrossall thecollections:

» Servingawiderargeof users

* Servingawidevaiety of information reels

» Helping users distinguish primary ard secondary
maerials (induding mutiple layes of ead)

» Helping usersmake links among itemsacrossdiff eren
collectionsandreading raoms

» Captuing the essetial edemerts of the referene
interview sothat userscanfind what they need without
human intervention

* Communicding to the use what items are NOT in the
NDL andgiving poirtersto externd resouces

» Creding an interface tha is aaessiltle by userswith
staefo-theimarkd techndogy techiques into the



interfece (e.g., visualandaudo quey languages)

* Providirg cleardelineationswithin theNDL aswell as
amorg the larger collecions of the physcal Library of
Congresandtheertire Interne

* Helping users ditingush secordary and primary
maerials

» Distingushing andreapdly disgdaying texts graphcs,
and saindsto facilitate rowsing

* Allowing users toserchacrosscdlecionsor not andif
they chooseto limit searching to a colledion, provide
clear linkagesto other cdlecions

Meeing al these challenges will ultimatly take mary
iteratons of interfac implementton and testng, but the
aim of the prgectwasto addessasmary aspossble in the
secondbhasethat ertailed probtyping interface desgnsand
digita librariantods.

Phase 2: Interface Design

The seond phase (June 1996August 1997) used the
experence of the first phaseto focus the projed on two
goals First, the projed team amed to apply the mockups
from phag oneto an integlated protatype tha illustrates
solutionsto the high-level desgn gods and speific NDL
chdlenges Seond the project aimed to devdop ard
integrde into the protatype spedfic overview and preview
tools to suppot differext media types and user activities
The® tools could be usa by end usersor by librarians
building the NDL. To beter model the interface
prototyping andtod dewelgpment we focused on a spedfic
collection (Cooidge Consuneriam) that draws materials
from mutiple LC cdledions ard includes multiple media
types The integated interface probotype gawe usersenty
into the ertire NDL (temed the American Memay level--
AM) and illustrated a coordnated within-collecton
interfacefor the Codidge Consumelism (CC) corpus.

Interface Protatypes

Oneof our goalswasto redwce navigation to savetime and
also to reduce the possillity of disoientation.
Disorientation was a well-known side effect of hyperext
navigation beforethe WWW energed (e.g., ConKin, 1987,
Nielsen, 1990) and it is clearly an issuein todays web
envionment Disorienttion is manly due to the cogritive
load neessaryto navigate a corcepud space with few
unigue landmarks. A relaed side effed is distradion as
users follow sedwtive links rather than the logical
progressia of atheme that spansmultiple hypertext noces.
Although mary resarclers are working on ways to
physialize abstad informaion spaces with visudizaion
techniques swch as 3-D views ard virtual redity
walkthroughs a more prectical appoach wastaken in this
project. The design philosoply adoped was to reduce
navigatonal requirerments by flatening the hierarchy and
ancloring theuserin a sabke cortex.

Broadard shallow meru studureshavebeenshownto be
moreeffective thannarow anddeepstriwcture. Our desigis
atenpted to flatten the hierarchy of the ste by bringing to
the surfae many samples of items and speial
preseretions usingframesand overviews suchastables of
conentsto redu@ the needfor backracking in the page
strucure ard by offering bast seach facility at the top of
the hierachy.

Our praotypes also illustrate the berefits of anchoring
usersin a staldle cortext with a consstert desgn. The
interfaces for both the American Memay levels ard the
individual Codidge cdlection are coodinated throwgh the
usedof a similar layou and organzaion. A stardard
toolbar on the left of the screns lists the functions
avdlabke. A god wasto illustrate tha userscould get a
good snse of wha the cdledions confain (sanples),
browseandsekd cdlections andfindly searchand review
resultswithou leaving the home page This apprad was
meant to minimize user disoriertaton ard distradion and
allow uses to focus their cognitive efforts on the NDL
resoures ather thansysten navigation.

The desgn aso emphasked providing previews and
overvews of matrials to uses (Greere et al, 1997).
Prevews and oveniews hawe sewerd fundions in digital
libraries. They help users lean abou the collection and
explaethe maerals alorg diff erert atributeswhichin turn
can hdp suppot seaching by enaliing users to beter
define, limit and focus their searches. The Ameican
Memoly digita collections cortain very large amaunts of
maerals in many differert formats with varying levels of
desciptive metadda. This makessearching difficult and
browsingmore imporiant Previewsandoverviewssuppot
browsing by allowing users to quickly make judgments
aboutthe efficagy of examining full versonsof ohjects and
in the affirmaive ca® providing rapid access to those
objects

Prevews are extracted from the primary daa objeds, they
repregnt speific colledions or items. Oveniews are
constrieted from large sets of items ard show different
attibutesof theseitemsarnd aggegade information abaut the
set. A preview of one cdledion can be sanplesfrom that
collection, while a preview of a photgraph can be a
thurmbnal. An ovewiew of al the cdlecionsshowson ore
scre@ each of the collectionswith sone of ther atributes.
An overview of all the itemsin a collecion showson ore
scre@ a represemation of al items, possilly with some
attibutes Looking at previews of resut setscan speed up
theevaluaton processand saveusestime. Both previews
and oveviews hdp userdearnaboutthe cdledionsard get
a beter seng of what is availade andjust asimportanty,
whatis not available.

Theapplicaion of thes principles isill ustraed below. The
exanples are organized into layou congstercy acrossthe



AM and CC coordnaedinterfacesandby main functions of
these intefaces (introdwction ard sampes, browse, and
seart).

Consistat Layaut

The man functions of the interface are arrangal in "tabs”
downthe left side of the screenon a toolbar that is always
preseh  Seleding a “tab” on the left brings the
correspndirg detals on the right (using HTML frames)
This desgn (See Figure 1la) is more compad than ow
previous iteationsandleavesspaefor the introdudion and
thesanples b ke visible when uers frst seethepage Both
interfaces (American Memoy [AM] and Cooldge
Consuneriam [CC]) haw consstertly placed tabs for
“introdwction” (sdected by defauk), “Browsé, “Seach’
and“Help”. The tabsat the top refled the LC hierarchy:
from themain LC hone page, to Ameican Memory, down
to the colledion in the caseof the CC interface. Although
frames hawe been justly criticized as prodemaic for
bookrmarking, printing, and backtracking functonality, we
beliewe tha well-desgned andoring frames serne to help
usersmantain cognitive balarce andtha this advantage far
outweaghsthe possble side effeds offrames.

Thetwo interfacesare diff erertiated by ther cdor scherme
(bluefor AM andred for CC, see Figure 1b). Of coursea
singlecolor is nat sufficient for all the collections, but the
current cdledion home pages already demonstate that
differernt stylescanbedevisel for the differentcollections.
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Figue 1k A corsisert layout for the Codidge Cdledion

Introdwction and Sanples. On the introdudion pageusers
seeanimatal sampges from the correspmding collection(s),
a shot textual introdwtion, and links to samge speial
presetetions written by experts The clickadle sanples
were meari to provde immedate accessto sane of the
treasuresof the collections instead of forcing users to
navigate through deep menu hierarchiesor execute a quey.
Usersoften havea vague idea of wha they hopeto find.
Presering many sanples immedatdy at the home page
provides an enjpyalle expetience to first time users and
“web surfas”, and nay help usersformuate their search by
progressiely gaining a subpdive appedation for the type
of materials available. Expert userscan of cour® ignore
these samples and move immediately to the ohjects of
interestor posequeries ug the sarchfeatue.

Seveal different ways to presem samges were explored
Sampe pregntation can ke ertirely uncer usercontrd (as in
the AM interface or autandicdly anmated (as shownin
the CC). The selection of sanplesfrom the collection coud
be aubmated, but the colledion curaor or other LC staff
member will of course do a much beter job. An ided
sampé sekdion will be bath attracive and represenative.
It may be feagble andpopuar to periodicdly solcit sanple
setsfrom growyps througheducaitond cortestsor to devdop
thematic samples basel on current ewvents or historicd
cekbmatons.

Browse. For both interfaces (AM and CC) we devdoped
novel Jawa-bagd browsingintafaces For the American
Memolty interface we devdoped a Collections Browser
apphying dynamic query principles to the exploraton,
filtering and sdection of collectons. For the Codidge
Colledion we devdoped a gereric cdlection browse
(cdled WebTOC) especilly desgned to be usale for
unpro@ssedcdledionsaswel asproesseddledions



The® browsers provide oveviews to large sets of
collections or sds of items and give usersa senseof the
amouwnt of material and the attributes of theg materals.
Overviewshelp in sdectng cdledions ard locating setsof
items ina cdledion with smilar atributes. Suwchtods aso
helpuserdean abou thecolledionsin gererd, what topcs
arecovered,andwhat kindsof materials canbe found thus
helgng them to form expetaions and formulate search
queres.

Colledion browser

The Cdlecion Browser uses dynamic queiies [Ahlberg et
al, 1992] Dynamic quelies exend the *“direct
maripulaion” style of interaction to seach tasksby closdy

couping search speificatons with the disday of resdts.

This interface (seeFigure 2) featues a visual overview of

all the cdledions (a zoomaHe timeline with a bar for each
collection showng its time cowerage) a Vvisual

repregniaion of aquey usng acdledion of widges (hres

menusfor locdion, topic and forma) and tight coupling
betweenal compmerts of the disgay (timeline, filters, list

of colledions and stort degriptions--dl updated
conairrertly). Usersbrowsethe daabaseby interading with

theinterface widgets(filters,zooming of timdine or smple

cursorseledion). Eachchargeis in effed a new query, the
resultsof which ae immedatdy andcontinuoudy shown in

the disday. The® dynamic queies suppot progressive
refinemert of the search cortinuousreformuation of gaoals,
andvisud scaming to idertify resuts.

The cdledion browserrequres consisent metachatafor all
thecdledions Thefirst iterdions of this designuncovered
problemswith the existing metadat. Often metadcata was
not available for the maerals on the item level or was
incongstent across collections, making it impossite to
devdop sucha browsng interfae at the item level across
all colledions. The LC/HCIL team dedded to define a se
of consisent attributes at the cdlecion levd to suppot
acrosseollection browsing The LC team membersdefined
the metadda forma, and metadada were gererged as
neessaryfor the collecions. The timdine, collection list
and menus are created aubmaticdly from the meaadata
provided.

The principles of the cdledion browser coud alsobe used
to browse items of cdledions if consisent metadda is
avdlabke for each item of the cdlecion. In speific
collections with homogeneous daa types this may be
possible but this is nat the casefor mostlarge diverseDL
collections suich as Amelican Memory. In fact, one of the
reasonghe Cooldge Colledion was sdected for sudy was
for its multimedia conent Therefore we hadto devdop a
more geneic technique which coud be apgy to ary set of
digitizeditems.
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Figue 2. Ovaview ard browsing o cdledions At firstadl
colledions areshownon thetimdine andin the list Here
the user filtered the collections by sdeding the topic
“Business ard ecoromics”. The Coolidge Collecion is
highlighted revealing its atributes and short de<ription at
thebdtom o the saeen

WeblrOC for browsirg an individual collection. The
individual cdledion browser tod is called WeblrOC
[Nation et al, 1997]. Onedifficulty webmasers and users
alike hawe is represeting the quanity of information andits
distribuion within a set of linked documents. Digital
librarians must mamge huge diredories and needtods to
visualze diredory structuresanddaatypes Knowledge of
the quanity ard typesof dacunentsavailable canbe helpful
to users as they dedde whehea a web dte may be
interesing or usefd. To browse large numbes of
documerts in the growing cdledions is not an easytask
since the size and extent of suchlarge collections mekes
them hard to undersand WebTOCis a tool that can hdp
both end uses brows and libray staff devdop and
organze the colledions.

WebTOC auomaticaly gereraes a hierachical table of
conentsof a site (or, in the caseof the NDL, a colledion)
using two different stréeges following exsting links or
usingthe underying directory andfile structure. Fdlowing
links is apprgriate for exiging web sites while usng the
directoy studure is appropiate for newy digitized
"unproessed’cdledions which have na yet beenlinked,
inde>xed or anrotated. WeblOC consis$s of two parts: a
parserprogam to gererde a tabe of corterts (TOC) file
repregning the Ste, and a user interface (Java applet) to
display the TOC anddlow interadion within a conenional
web bowser(Figute 3).
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Figue 3: WebTOCslows on theleft thetade of corterts
of the collecior/ste "Ameican Variety Stage™. The top
pottion of the WebTOCframeisa leggendard corirol pané
for WebTOC Links are listedwith a bar that regesntthe
volume of information available whenfollowing that link.
Uses can then expard the hierarchy (e.g. here "English
Playsaipts' has bean expanded andthe labds renovedto
conmpae file sizeg. Clicking on any of the labels or
individud lines cawsestha file tobedispayedin theframe
ontheright

A two-frame layoutallows usersto expard or contact the
tale of corterts presered in an outine format on the left
frame, while inspe&ting anysdected itemin the right frame
As sumnarizedin the WeblOC leger (top left of Figure 3)
individual pagesare shownwith individual lineswhile bars
aggre@ae groups of files behnd a link or diredory to
repregntthe total size of the included doauments Color is
usedto represen file type, lengh the overdl size andthe
shadowbelow the ba is proportonal to the number of
documerts induded. The number of docunents and size
repregned are displayal in the browser gatus area when
the users cursoris overthe bar. Figure 3's TOC showsthat
"Sound recading” is very smdl (close to empy) in
comprisa to the othercategoieslike "motion pictures”,an
observéion tha would havebeenimpossitte to guessfrom
the home pageon the right. "Yiddish playscripts" is also
smaler than"Motion pictures" but the shadowis alsovery
smal sugyesing that there are few pagesof playscipts.
"English playscripts” has been opered using the arrow
buttan on the left of the name ard the individud linesshow
individual pages. WeblTOC also provides a text seach
cambiity for thetable of cornterts anddisdaysrestuts in the
conext of the table of contextshierachy.

WeblrOC was usefd to us to as we worked with the
unpro@ssedCodidge cdlection ard shoud be a usdul tool
for library staf preparing or reviewing new collections. It is
alsolikely to be usefu for the geneal public asit provides
an alterraive aacessto the maerials. It is particulary
usefulto explore a cdledion when seaching is inadegate

beauseof the leck of meadag, finding aids or lack of any
seartiable text or becauseuses ae notable tospedfy their
searth appropiatdy. Additiondly, it prouvdes a way for
expet usersto quickly jump to objeds deepin a hierardy
without necessaity following a series of expicit links on
pagegshat each take timeto load

A pilot studywas conduded to evaluate the usefilness of
WebTOC versusa plain browse for Web site navigaton
tasks.Resultssuggesttha the conplexity WebTOC addsto
the disgay makes simpler tasksmore difficult but in the
case of more complex tasks it adds erough vaue to
outwegh disday complexity. UsersfoundWebTQOC easyto
learn and its presere aso increasedtheir "organizaional
fed" for the site. The full pgoer with detaled resultsis
avdlabk at http://ad.umd.eds/SHORE

Seart. Becau® the NDL will sene abroa rang of uses
from web nowvices to professond seach intermedaries
seveal seach widgets were included Quick Seach is
avdlable aspart of the archoling todbar on the left (Figure
1. Becau® search is sowidely available in web interfaces,
userswill expet to serch the ertire Ameican Memory
collection by typing a few words or phrasesIn the AM
interface two quick search buttons are provided: ore to
seartr all collections, the other to seach ony the
collectionssdected inthe “Browse andsekd” page(Figure
2. In theCodidge cdledion, the quick seach apgiesto the
Coolidgecdledion ony.

Enhanced Seach suppots Boolean queries and the
restrction of the scopeof the quely to collection objeds of

specfied formats(eg. photogaphcolledions). It alsogives
acessto al the atributes common to the collections
seartied This is paticularly usetil in speific colledions
wheremetadda is available bu notapplicable for restrcting
the query aaoss al cdledions since common daa (e.g.,
yearrangesor gegraghic locatons) doesnot exist for all

items.If, for examge, usersha\we resticted the scope of the
query to three photogaph collections which al have
consisént data abou the type of phobgrgh and whether
the item is in color or black/white, it is feasble to
autandicdly ddect those common atributes and
dynamicaly include this asa filter on the enhanced seach
scre@. The Enharced Search saeen is organzed into four
blocks scope atributes, resut, andvarants. Scqe alows
userso definewhere toseach, atributesletuserserter text

(whatto search on) anddefine fields, resuts allows usersto
setthenumber d hits andsé sot setings andvarants give
helpto uses on formuating the quely (Shheideman Byrd,

& Croft 1997). In thetoolbar of theleft side of the saeen,
the seach tabis arather comgdex box with ertry fieldsand
multiple butons A click on the backgroundof the tab, or
ontheword “search” itself brings ahdp page for the search
functions

Display of resuts



Displaying resuts is one of the most underdevdoped
aspets d web-tasedseaching. Professbnd intemedaries
seartiing commercial sysemssuchas Dialog or Lexis are
provided with avariety of print and display options but web
usersmust typically ded exclusively with long lists of
rankel title lists. In mutimedia digita libraties this
apprach to resuts dispay is pariculady prodemaic as
objects of different daa typesall look dike. In the NDL,
resultlists are composedof hegergereousmaterialsin both
format (phaographs, manugripts, mation pictures, letters
from a persm, ore issueof a peiiodicd, etg and by the
granuarity of items (collections, items, finding aids, etc.).
To addessthis problem different resdts disday options
werecreaedto distinguishdifferentlevels of represemsation
andprovide sone senseof the volume of material returned
This wasdonein sane rathe rudimertary way in the AM
interface andin more detail in the CCinterface.

In bath cagsthe screenhasthree tades a summary of the
guery a summary of the resuts with links toformatspeific
preview tods, anda detailed resuts list. Showing the user
the query is anoher example of corcepgudly anchaing
tham in cortext. Links to the specific preview tods is an
addel value service tha operates more smaothly than the
few toolsonthe webthattypically launch special viewersor
plug-ins.

In the CC the resuts scea illustratesthat search resuts
shouldindicate what typesof object were returned by the
searti: a whole cdlection, a smple item, a finding aid
leading to mary items, or a finding aid for a non-digtized
collection (Figure 4). For this protaype, an icon was
adopedfor eachdatatype The mog significantasged of
this desiq is tha the resut list not ony showsthe objeds
retumed by the seach (e.g. a tranript or a bibliographc
recod) hut dso gveslinksto al the dherrepresenations of
tha object This addedvaue service hasgreat patertial for
fadlitating browsing For examge, if the seach word was
found inthe talde of contents of a manuscipt, the resut list
provides a link to the table of corntert but aso to the
bibliographic record of the maruscrpt, its transcrpt or
related expert note, and any other repregnatons of the
manusript. This providesa much richerrestlts set allows
supplenertary filtering or ordering of the resut lists, and
possiblyreducesthe navigatond effort becaug userscould
dedde to jump directly to the represenaton of greatest
interest Of coursethis inteface relies on the existene of
undelying links through the different repesetations of
givenitem. Our study of the Cooldge collecion seansto
indicae that this shodud be possilbe to autanae as the
naming scheme of the files wasenowgh for us to guessthe
type of represatation to befound in a givenfile andto link
to ahe relaedfiles.

One of the aspds na addessedis making visible an
estimaion of the number of items NOT coveed by the
seart engne (becauseof lack of metadda or any textud

informaion). In the caseof the NDL this coud be a large
proporton. To alert usersto this fad, a warnirg messag
could be displayed while the serch is performed and
recanmendng the useof browsingtechiques.

Finaly we illustrate in WebTQC tha resuts could alsobe
displayed in the context of the collection table of conents
When aserch isdoneis WebTQC theresuts are shown by
openng all (and only) the tree brarchesleadng to result
hits, therefore showng resuts in cortext. Figure 5
illustratesthis fegure

The® techniques for hardling resuts are interestng
begimingsfor wha we beleve is animpotart but typically
ignored comporentof digital library services Sigrifi cantly
morereseach ard developnment work is neededto find ways
to browseanduseserd resuts.

Format-Specific Preview Tools

Both seach ard WebTOC may yield long lists of items,
which can be tediaus to peruse Browsirg throudh a
collection of 500 photagraphsusirg WebTOC or a search
resultlist will take at least 500 opertons (i.e click-and-
wait), worse yé, browsing throgh a cdlection of 30 videos
can takeshours of downbad time and megabyes of disk
spaceTo illustrate that it is possble to speedthe browsirg
of large numkbersof itemswith spesialized tods, animage
browser, a video browser, and a page browser were
devdoped to allow usersto peruse previews of the items
before reqestirg detals. The® tools have beendevelopel
in the Codidge Collecton pratotype but are not speific to
this collecion. They can be accessedfrom the result
sumnary of the resut saeen (e.g. the summary indicaes
thetotal numker of photosand providesa link to the image
browserloaded with thoseimages) or from any collection
oveniew (WebTOC, topic index tade of contents etc.).

Image browser Theability to search orquerya databag of
images is a necessa fundion for digital libraries
congining images. The query feature is neededin order to
acommodate users who wish to find a paticular image
from among the many images presen in the collection.
Upon retiieval additional functiondity is requred so that
userscanquickly andeffectively browsethe retieved se of
images
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Figure4: Seach resuts disgay sceenshowng the
searb summary, resut summary and detaied list.
Eachitem*hit” by the search (e g. a soundtranscipt)
is disdayed along with the item itself ard other
surrogags brtheitem (catalogrecod ornaes)
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Figure5. WebTOC showing in thetable of conents
theresuts of a ®achon:“still” in the context of the
hierarchy o the“WebMusem Paris’ site.

Onecommonmehod usedfor querying imagedatabagsis
to allow the userto ener a text de<ription of a target
image The sysem usesthis text desciption to match the
guerywith text desciptions of imagesin the datdbaseand
outpus the possille matches This method requres
linguistic indexing for visud cortert andevenwith the best
indexng is subpd to all the limitaions of Booleanor free
text sarching Alternaive mehodsof seaching animage
dabbag have arisen in orderto augnert or rephce text
desciptions of images One methodis Spdial-Query-By-
Sketdqr (Egenhotr, 199%). Spdial-Query-By-Skdch
requres the user to draw a simple sketch of the image
sought.It then executes an algorithm to gererge maftches

for the query basel on the input of the user sketch. While
this method does provide the user with a more direct modd
for sarching, the user will stll eventually be left with a
seriesof possilbe matches same of which are incorrect
transhtions of his/her sketh. Other technques use color
maching(e.g IBM Query-by-Image-Conent, UC Berkdey
DL Prgect) or icon-séecton languayes (e.g. Nishiyama,
Kim, Yokoyana and Matsushia, 1994) or combinaions
(e.g Chuah, Rath, Kolojejchick, Matts, ard Juarez, 19%).
In al caseghe object sds retrieved mug be previewed and
browsed.

Theneedfor awell-desigredand efficientimage browse is
appaert. If aqueryis not performed the image browseris
the only method of seaching a given daabase If a user
doesperform a query, the user must then browse through
the possilbe matchesreturned by the query. Also, query
algoithms can sandimes eliminate (and not display)
imagesfor which the use may be searching, a browser is
neeedin this casein arderto find suchimages.

Theimage browsercreated in thisprgect candisply 10, 20
or 50 thumbrail previewsof imagesatatime (Figure 6 a, b
and c). The top frame showsthe thuminals of images
sumnary information of the search resuts and usercortrols.
The cener frame can be used to view a slightly large
version of the image and the bibliographic informaton
(Figure 6b) or the full resoldion image (Figure 6a).
Selected images shownwith ther flag up are collected in
the botom frame asthumbnrails and can be saved on-the-fly
in a persoral webpage

i [ | Creaie Persanal Callection with selected fems |
Browse: : 7

Figure6a Theimagebrowsercanbeusd toview
resultsor possilly enire medum size colledions.
Here 10 thumbrails are shownat once The center
frame is used to view the full resdution image.
Seleted (flaggel) images are cdleded in the
bottan frame asthuminais andcan be savedin a
personhweb page.
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Figure6b ard 6¢: In 6b the use choseto view a
larger thumbrail version of the image and the
desciptive textual informaion . In 6¢, 50 images
areshownatorce

Thenumbe of imagepea saeen might be a funcion of the
user's predrence or saeenresoltion. With 50 per page it is
possibleto peruse5 imagesin only 10 geiations -and 10
scre@s (Fgure4c). Of courseuseswill still requestdetails
aboutsame of the items(bibliographic recad or full image)
but the browser providesa goodway to evduate the setof
resultitems or even collecionsasa whde. It complements
nicely the textual lists oftenavalable. Notetha theimage
browserdoesnot requir that ary desciptive material be
avdlabke abou the images, and in sone ways is an
electronic equvalent of the flipping through boxes of
undesdbed maetials at the library (e.g. in the Prints and
PhotogaphReading Room)

Visualy browsing large sets of thumbnals of images
supportsusersbeter than browsng a textual list of titles
Evduating visud information with only textud desciptions
malkes sdecton harderfor users espeially snce image
attibutes like cdors, light, style, are impotant for
discriminaion and can often only be judged by actualy
looking atthe picture. Thumbrails male eficient use of the
screa red esateandprovide eroughddail for the usersto
male slecions By compressingthe visual preview and
detniledview on onescieenthis browserreducesnavigation
for uses and savestime compaed to the preent interface
whereusershaveto go backard forth beween the list of
titlesandtheindividud images

Gatherng Materials

After finding matrials of interestusersare likely to wantto
gatter the maerials in ther own pages. Studerts will use
pictures or manuscipts in thdr repots or pant to expet
notes Teaherswill wart to creae pageslisting matrials
of interest for their clas®s. Bookmaiks can be used but
large numbers ofbookmarksare hardto marage andcannd
be shared easly. HTML ediors can be usedbut requre
training to be used A gatheling tod was created using
JavaSdpt to assistusersin taking full advartage of the
invauablemaerials by savng themand usng themlater for
thar own purposes(see Figure 7). LC staff to quickly
geneate aggeations of items for different purpo®s, for
exanple, to create a Hot Topcs page canalsousethistod.

s Netscape - [hitp://www.cs.umd. edu/p._. athcoll/collection_html]

File Edit “iew Go Bookmarks Options Directon ‘Window Help

Catherine's Collection

Iy great grandfather.

-y . | Bnter your test here

Comments:
here is an example of what vou can do with Netscape Gold's built-in

Using the Edit feature in Metscape Gold 3.0 enables the user to locall
including the image thumbnails. The user can then customize it to histh

Figure 7: Gaheing tod to crede pesona
collections. A tempate is geneiated auomaticaly,
which canbe sawedlocdly for edting, or usedas-is
immedatdy in a dass o work presemation.

The pratotype only includes the gaheing of phaos but
should beextendedto othertypesof matrials. Whenusers
click onthe “Creat persoal collection” button in theimage



browser,a new HTML pageis creged on the fly. It is a
generc pagewhich mainly consst of a tabe with animage
ontheleft anda gereric tex on theright If the userhasan
HTML edtor, the gereric page canbe saved on users’local
disk smce andedtedrapdly. Users caradd tet or anndate
theimagsandusethem

Video browse. Digitized motion picture docunents are
impottant comporents of sone digital library collections.
Userscan browsethesecdledions or searchon the textual
desciptionsandin sone casesseach visud atributessich
as color, optcal flow, luminosty, and shag. When
browsinga cdledion or aresultse from a seard it is very
impottant to provde sutable surrgaesfor the videos,since
the files of thesedocunentsare usially very large, even if
thedips are shat.

The video browser is desigred to revew sds of video
rapidy (Figure 8). A list of videosis shownwith the first or
mostrepiesenative frame of eachvidea When a videois
seleted users gases a preview mack of selected framesof
the videa Sewral resarch groups are working on
tedhniques to extract repreeniative or key frames from
videos(eg. Wactar, 1996) For thispratotype analgorithm
devdoped at the Universiy of Maryland Center for
Automation Regach (Koblaeta. 19%) wasusdto pare
MPEG-canpressd video sequences into shots bagd on
thar physial struwcture ard further into sceeres by
idertifying changes in cortert and canera moton.
Alternaive mechanisms to presem those key frames
including anmation, image array, and muitiple videos were
incomporaed

What hannanad n Towento.thivd Stvnct Noww Varle Cite ]
Movie Browser prototype v.1 j
Breview Method: © Animeted © Thumbnall © ‘Video Well =
80 Vi s o &
(V1 Format... 15,293,814 byies)..To download the fil: for future vieving, be sure ta set your browssr tc the "bad o
sk or rtrieve t dick" cption.
Usited Sates : Thomas & Sdison, Trc, 1901
NOTES
H7985 0.5, Cepyright Offce
Copyrgtt Thomas & Edison, 214ug1901, 7985
Diration: 122 2 156ps.
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Figue 8. Video browser with arimaed dispay of key
frames In the left frame, one key frame from each motion
picture represents the resgedive films in the sd¢ (a film
collecion or here aseachresult with 2filmg). Theusercan
click on the® to seled the film to preview. On the right
apper the bibliographic informaion ard anarimated preview
of thefilm.

A number of userstudes were condicted to explore video
key frame contrd mechanisns. One stud/ examined
different key frame slide showdispay ratesard found that
key frame rates beween 8 and 12 fps potenially deine a
funcional limit in objed idenificaion acauracy [Ding and
Marchonini, 1997] This effed was found to be less
pronourted for gist extraction purposes Another study
[Slaugtter et al., 1997 examined the efficacy of multiple
key frame slide shows running corcurrently. Resuls
suggestpotenial for two or three concureert displays but
very poor paformarce for four displays. Other studiesare
currently undervay.

PageBrowser Another type of browser that can have an
impottant impact on the usablity of cdlections such as
Ametican Menory is a pag-ofiented browser. Typical
interfaces provide a tade of cortents with links to the
individual pages, requiting the userto go back ard forth
betweenthe incex page andthe page images togo from one
imageto the next.

In sonme ways, digitized pagesare merely imagesard the
image browse could be usedfor manuscipts or journds.
But we found that a better browse could be desiged for
this important categoly of maeiials, which have same kind
of natuial pageordering, ard an often-onsisent pagesize
Our study of the Codidge cdlecion suggstedtha this is
the casefor joumds, book chapers caalogs,ard often for
manusripts. First a browse was manwally prepared for a
journal, a maruscipt ard a book chapter, then a tool that
parially auomaes the produdion of sud browserswas
created.

Thebasc desgn conssts d three franes(Figure 9). On the
top frame the title of the cdledion and joumal or
manusript name agpears,with links bdow it to anyexsting
compgementary materials (bibliographic record notes, etc.)
andto a sceenof thumbrails of the pages. On the left
frame anoverview of the journd or manuscipt is shown. It
can consist merdy of a list of page numbers, a table of
conentsor a riche finding aid On the right frame the
acud pagesare shownwhen sekded in the oveniew. The
tabe of corterts is tightly coupled with the page image
viewer frame and updates as the user changes pagesto
coninuoudy show the locaion of the page the user is
looking atin thedoament(with anarow).

The® browserscan be aaessd from the resut list when
the item is actudly a cdledion of pages or from ary
collection oveniew which hasclustes of pages(WebTOC,
indexesetc.). This browserusesmanly HTML frames (and
CGl scipts for the arrow)
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Figure9. Pag image browserfor peiodicals. Thetop
of the screen showsthe title and number of the seral,
the cdledion it belongs to and other informaion
perinert to the docunent asa whole. The usercan
selet whethe to look at the pagesin the thumbrail
view, full-page images, or full bibliographtc records
Onthe let a lig of the pages inthe docunent apeas.
An arow indicaesthe page being shown

Oneof themain goalswas toprovide overviews of the page
collections,to give a feeling of the type (conern previews;
text or images; typed or handwriten, text + handwitten
notes etc.) and length (no. of pages, size of pages, etc.) of
the document The table of corterts provides textud
oveniews, while visual oveniews are provided by the
thunbnal view. To reduce feding lost andto give better
oriertation to users in the documert the tightly coupled
tade of corteris and pag imag disphys were
implemerted always giving the user a feeling of where in
the documentthe page is located in relation to other pages.
Contectualization andoriertation may be moreimpotart in
the case of books and seials where the structure of the
documert itsdf addsto uncersandng the conert.

Our study of the Codidge cdlecion ard the work of others
(e.g [Adar et al 195, Noreauk and Crok 1995] suggets
tha it is possibk to auomate the produdion of sud
browsersOnee pagesaredigitized asiak fromwriting nates
and documeniation (which must be done by humans
anyway, credaing the ornline HTML documnerts for
presetetion of the material is ahighly repeitive ard tedous
process A tool that auomaes the process such that
minimal human intervertion is needd was dewloped It
may be used for manuscipts, journals book chapers or
catlogs (FgurelGaandb)
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Figure 10a. Example of rudimentay page image
browsercreatd ertirely autanaicdly. This kind of
limited browsercan be accessedrom quewy resuts or
WebTl'OC to browseurnproessedcdledions Simple
mantal edits can leadto improved versionssuchthe
one slownin FHgure 10b
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Figure 10k Another examge of auomaically built
browser. The talde of content ard thumbnals were
geneated auomaically. The bibliographical record
would be creded or locaed marudly, providing the
title and shot desciption to be extracted aubmaticdly
from the remrd. Notes will aways be manualy
geneated but can be linked auomatically when
avdlabk.



Discussion and Future Resear ch

This projed has demonstated interface techriques that
bring primay informaion resoucesto usersquickly and
easly, anclor usersin a consstert cortext to minimize
disorientaion, and suppot rapd relevance dedsions
throughoveniewsandpreviews. The® inerfacesand tods
may be used with digital collections tha have consisert
metadata, aswdl as tehriquesthat provide userswith good
access even though meadata is abseh or incansistet.
The® distinct designsillustrate techriques that may be
appled to highly homagereous cdlections or agoss the
more typicd uncatdoged or nonsandadized collections
foundin digital libraiies Thedesgnsillustrate sdutionsto
thechallengesinherent in DLs: sewing wide rarges ofusers
and tasks with consisernt interfaces that minimize
disorientaon and provide good ovewiews and preview
fadlities. Aspeds of this protatype (eg., vettical tale of
conents sampe items on thefirst page) hawe alrealy been
incomporaed into the mog recent versionof the LC NDL
and AmeaicanMemory site butuse testng is neededfor the
morecompex interfeces

Digital library techndogy will dewlop rapgdly in the
coming yearsandthe Library of Corgresscortinuesto lead
theway with innowative and efédive inerfacesfor its NDL
Progran. This prgect amed to define a trgectory of
interface devdopmert tha not only fadlitates resach-
baseddesgnsfor today'stechrology but alsowill assistthe
Library in shapng future iteratons that sene broad
communties of users. A numbe of reseach and
devdopmert issuesrelatedto DLs in genenl emegedasa
resultof this wak.

First, prindples and guidelines for usercentred iterative
designof DLs mug be dewelopedard tesed The first step
in thisdiredion is for DL stff to adgt usereentered design
perspetives that include regular user needs assessnrg,
ongoing usaility tesing, and iterative desgn procedues.
DLs are not static ertities Justas physcd libraies are
consanty evdving, DLs will grow and change with users
andtechndogy.

SecondDLs mustsewe diverseusercommurities and will
needto devdop appropiiate interfaces for vaiied usersarnd
needs Rather than depending on users or thar agents to
ded with a fixed inteface we enwmurge dterndive
interface suies that usersmay seled acacordng to their
specfic experences and immediate needs Althoudh we
skettheda virtual information deskcompmert in our phag
one work, we focusedon building speific browsirg tools
rather than protatyping the various interface dterratives.
This isimportantfollow upwork.

Third, the dewelopment of the various tools ard our own
strugges with manaying megbyesof data highlighted the
need for digital librarian todkits. Integraed tools that
digita librarians use¢o manaye materials andweb sitesand

to conmunicate with usersare sordy nealed The content
maraganenttods will help librarians inacquiring materials
for the digital library and presening themto the users that
is, to cdlect store, index pregrve disphy, create, and
secue conert. Tools to auomaticaly tes codes for
different platforms;find inconsgsterciesin words,icons,and
widge sutes and manae different versions mud be
inverted and added to thesetoolkits to suppot creaton of
the interfaces. Maintenarce tools sich as transation log
andyzers,site map geergors andauomatic FAQ updaers
will also be usefu to digital libraians who crege, mowe,
updae, andwed digitd collecions and sene diverseuser
popubhtions. Many tods in the conent maragenent
caegoy exist as standdone enities for buiding and
mantainng web sites (eg., file format conveters (e.g,
JPEGto GIF), link cheders (e.g., robds to find broken
links), aubmatic surro@te extradors (key frane extractors
tex summarizers) parers (eg. find SGML or other
markup objects) andencryption rouines(e.g., watermarks,
crypblopes). Tods neededin the communicaion caegoy
include tools to suppot user servicessuchas refererce to
create and maintain user profiles, to cdled and aralyze
transcion logs, and to buld and maintain commurity
paricipation. Digital librarians and web masers alread/
acqure and dewlop mary of these capablities as
standlore apgicaionsor workaounds Wha is nreeckdare
unified todkits tha provide suchtools cowvering all areas of
digita library work via acomma interfece

Finaly, DLs are roated in organzations; orgarizatond
culture will influence the devdopmert and mainterarce of
theDL. It takesconsicrable time andeffort to undersand
the vaious needs of differen sakehdders in compex
organzations. Forexanple, atLC, akhowgh represematves
from various readirg rooms and divisions were world
authaities in their specffic collections and work areas no
onepersonfully appreciated the work pradices user needs,
metadata requremerts, and exiging website investrentsof
all LC units. The many medings thattook place during the
first pha® of the prgect sened to bridge theseggps and
devdop a more globd sd of problem specfficaions from
which desgn coud flow. All DLs will faee similar
chdlengesand participants should be preparedfor the time
investentsrelatedto the sodal andpoliticd dimensons of
DL devdopmert. Additionally, we shoud prepae eaty on
to assesghe inevitade impad the DL will haw on the
hosting organzation. At LC, for exanple, the attenion
givento K-12 users of the NDL may ewventwally influence
the overdl mission of the Library ard the work climae of
thephyscd library itsef.
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