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Abstract

The Human-Computer Interaction Laboréory (HCIL) of the
Universty of Maryland and NASA havecdlaboated over
the last three years to refine and apgdy user interface
reseach coneptsdevelopedat HCIL in order to improve
the usalility of NASA datasewices.The resach focused
on dynamic query user intefaces visudizaion, and
oveniew +preview desgns.An opeantional prototype, using
guery previews, was implemened with NASA’s Globd
Chang Maser Directory (GCMD), a diredory sewice for
eath scien® dag sets Uses can seethe higogram of the
datn distribution over seveal atributes and chooseamong
attibute vaues. A result bar shows the cardirality of the
resultsd, thereby preverting uses from subnitting queries
tha woud haw zero hits. Our experien@ confrmed the
importance of mdadata accuracy and completeness The
guerypreview interfecesmake visible prodems or hdesin
the metadda that are unndiceable with classc form fill-in
interfaces This could be seen as a prodem, but we think
that it will have alongtem beneficial effect on the qudity
of the metadda as daa providers will be conmpdled to
produ@ more complete and accuat metadda. The
adapation of the resach probtype to the NASA daa
requredreviseddata studures adalgorithms

1- Introduction

Soon,userg(scienists, teachers, stucents etc.) will be able
to aaess NASA's Earth Observing Sysem Data
Information Systen (EOSDIS)to retrieveeath siene dat
from hundedsof thousinds 6 datasetscontaining

pictures measurenents or procesed data, from ceners
around the couwntry. Data abou the datasets (called
meadaia) is avdlable andis seached asa prdiminary step
before retrieving the huge datasets Standard EOSDIS
metadata includes spdial coverage time coveage, type of
dat, sensottype canpaign name, levd of proessing etc.
Exising EOSDIS prowptypes use classicform fill-in (or
form-conpletion) inerfaces.They allow usersto searchthe
alreadylarge holdings but zero-ht queries are a prodem,
andit is difficult or impossitte to esimate how much daa
areavailable on a given topic andwha to do to increaseor
redue the resut st

More robust querying interfaces are needal for a sygem
tha will suppot intemittent userswith exensiwe or limited
computer experiene. Userswill cometo the EOSDISwith
problemsthat vary accordng to sewerd fadors including:
how wdl-defined the soluion to the prodem is (eg.
ranging from simple facts to interpretatons for complex
phenanera) ard how well-defined the prodem is in the
informaion seekersmind. Swch information systens must
acommodate differen levels of expelience with the
conent area, with the informaion systen itself, and with
informaion seeking in gererd.

Our approaxch is to employ overvew + preview
repregntaions of meadata (Greeneet al.,, 1997) that allow
usersto rapidly ard dynamicdly eliminate undes&ed data
sets,while a the sane time prevewing resut setsizesto
avoid zerohit queries (Doan Paisart and Shnedeman,
1996; Doan et al., 1997; Plaisat, Bruns et a.97). The
redued volume of the metdta allows queries to be
prevewel and refined locally before they are submitted
overthe netwak. This two-sep appgoach of query preview
and quey refinemert extendsthe techrique of dynamc
gueres [Ahlberg, Williamson and Shnéderman, 92



Shneigdman 1994] to
systems

large distributed information

In this paper we descibe our origind designand protaype,
then discuss the technology transeér process from our
reseach pratotypeto an operationd protatype by reviewing
theissuesand problemsercourtered the options examined,
andthe soutionsadoped

Related wak

Thegrowth of theinterng andthe formidable pushto make
informaion available onine or digitize existing materials
has feenonly patially mached by the development of tods
to assistusersin their tasks.Gereric improvenmentsto the
browsing of web pages have been proposedusing a book
metaplor [Card et al., 196], “decks of cads” metghor
[Brown and Shiler, 1994, or tiled elastc windows
[KandoganandShreiderman 1996]

Seart interfaces are bdang refined. Reseach is beng
condcted to improwe the search engheswhich rely on the
andysis of mechine readdle textud materials, while
powerfu tools are creaed for speialized formats (e.g.
Informedia for videos[Watclar eta, 1997). Other projects
combne the text search with visualization mehods to
display theresultof the seaches(e.g tilebars[Hearstet d.,
1996] or Envision [Heath et al., 1995]). When no metacata
or text is awailable to be seached, browsng becomes
esseritl (Plaisant Marchionini etal, 97; Marchionini et al,
97,Naion ¢ al., 97)

[ACM speial issue19%] and [IEEE spedal issue1997]
providesseveral exanplesof large digita libraries projeds,
and shows that the focus of many prgects remans on
digitizaion ard infrastricture. Comprehensive evduations
will bethekey to undersandng the berefits of new designs
[Hill & al, 97 Mardionini and Crare, 94].

2-From research prototype to operational prototype:
issues and dations adopted

2.10rigina resard potaype

After a rudmentry inteiface mockup in Visual Basic
[Doan, 96 we implemented a protatype in Tcl-Tk andthen
in Java when it became available. The resarch protaype
usedsimuated datg rardonmly gererated to illustrate our
coneptfor a posdtle EOSDIS nteface

Query Preview

Our original query preview praotype featres a singe-
screa oveniew of all earthsdencedata sds avalable from
a desigrated information service provider (Figure 1). The
dab are chamderized with three highdevel attributes:
location, tempord cowerage, and topic conent For each
attribute value in the use interfece, the numter of available
dan sds beaing that attribute value is shown (Figure 13).
This gives users an ovewniew of the distibution of the
avdlablke data sets By clicking on combinatons of atribute

values,userscan prure to reflect only thosedaa items that
satisfy sdected atributes (Figure 1b). When the preview
indicaesareasonaleresut sd sze, userssulmit the quey
andmowethe glerytoa refinemert phase
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Figure 1a Regach protaype: The quey preview scieen
displays summary daa on preview bars. Userslearn about

the holdings of the collecion and canmake selections over
a few ppraneters.
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Figure 1b: Resard protatype Fdlowing the principles of
dynamic queties, the preview barsare updaed immediately
(in lessthan 100msc) whenuserssdect an attribute value
(hereNorth America). The resut bar at the battom shows
thetotal numkber of sleded datasds.



Query Refinement

During the refinemen phag, the userinterfac operteson
the resut set of the preview phase ard shows al the
meadata. In our reeach probtype, eah dad set is
repregnedas alinein an oveniew disgay, whoseaxesare
the size (vetticd axis) and the time petiod (horizontal axs)
of the daa setsrespetively. Usersfurther refine the query
by sdecting more precisevalues for the parameer, sensor
platform, prgect, dataarchive centers,processingdata level,
etc (Figures 2a and 2h). When they think the query is
sufficiently refined, userssutmit the query andretrieve full
dat sé records and can be directed to the web locaion
wherethe daa ar availale.
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Figure2a In the resach prottype of query refinemert,
userscan browsemore informaion about individual daa
sets. Theresut sd can be narowedagain by makng more
predse sekdions onmore atributes.
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Figure 2b: Herethe quey has been refined by sekcting 2
archive cenrters 3 prgects ard 2 processng levels More

filtering coud bedore by zoaming onthetimelineor on the
map Thetimdine oveniew andthe data settable refled the
remainng daa sds. Details and sanple images can be
downlcadedfrom the netwak (window on the right) befae
thelong process ofordering thelarge data ®ts.

Evaluation of the prototypes

The original reearch praotype was informdly evduated
duringore of the pratotype workshopsorganized by NASA
andHughes It receved postive feedtack and shoved that
usersundersaindthe ineerfage without training. A contrdled
expermernt evduated the benefts of quel previews[Tann
et al, 1997] Twelve compuer sciene stucentsseached a
dag@bag of filmseitherwith a form fill -in interface or with
a qiery preview followedby aform fill-in. Resiis indicated
tha the query preview led to 50% faste task completion
times when query prevew attributes were relaed to the
tasks,and hgher sibjecive saisfadion.

2.2 Dewelopment of the Ogerdiond Praotypefor the
GCMD

We now degribe the operationd protatype and the issues
involvedin its development for the query preview andthen
for the query refinement. The pratotype is implemerted in
Java basedon codefrom the fina versia of the resach
prototype, and usesa sefes of Perl sciipts to genent the
query preview tades and the resdt html pages In
apperane the query preview operationd protatype is very
similar to the reach probtype, but seveal undelying
feaureshad to beredesigred The query refinementis very
differert from the resarch prototype as itwasredacedby a
secondphaseof previewing with a secord set of atributes
followedby a more tradtional resultsceen usngframes

Query Preview | ssues

ATTRIBUTES AND ATTRIBUTE VALUE CHOICES

An early task was to cepture the GCMD daabasein a
manrer appropiate for represemation in the interface The
three atributes of locaion, tempord cowerag, and topic
conent as used in the probtypes, were confirmed by
GCMD earthsdence speialists anddaabaseadministrators
as the mog sdient and universa from amorg all the
attibutes typically asso@ted with eath scerce daa
resoures. Thesewere ket asthe man atributes for the
interface For each of the three atributes, the large set of
attibute vaueswasaggrecated up to araund ten high-level
attribute desgnations.A domain expett leceddae ranges
high leve topics andregons (Figure 3). The granuhrity of
the attribute values cho®n for use in the interface is
delberately crude in order to be able to repesen vast
amounts of diversescienifi c daain a single oveniew. The
careful choice of appropiiate attribute valuesand attribute
value aggegations representsa sigrificant pottion of the
designeffort.
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QUERY PREVIEW ALGORITHM IMPROVEMENTS

Our original plan wasto dudicae daa setsas neeced to

aaountfor multiple atribute vaues(e.g. a daa setcoveling

North and Souh Ameiica would be coungtd twice within

the attribute totals for areg. Our assumption wastha there
would be a maximum of 20 to 30 per cent dugdicdion. At

this rate, duplication would be bardy noticealde by users
reviewing the values on the bars Howeve, we discoveed
tha on aveage, each data sa hadto be dupicatd seven

times, which made the prodem ovely appaent in the
interface (e.g the total resut bar could be 150 daa sets

while individual barsshowel up to 1000 data sets) Becaug

GCMD hasareasorable number of daa sets(around 5000

we were alle to correct this problem by listing the datase

IDs inthe greview table andcalculating the exat number of

distinct data sds after each user sdecton. The additional

calkuations of this hybrid technque first introduwed
unaceptable timeddays andrequiredimprowenerts to the
dat struduresand algorithmsusedto determne exact daa
set couts. The barsare now adustedin lessthan 100mson
a PC when usrs malke a sekdion, easily meeting the

requremerts of dynamic qlery interfaces

QUERY PREVIEW TABLE GENERATION AND DATABASE
ADJUSTMENTS

An input data genelaion module was written in Pef. It
sends SQIlgleriesto the GCMD daa senerandgeneates a
seriesof quey prevew tablesanda maser file descibing
thosefiles The® filesin turn geneate the inteaface One
relation was added to the databag to reflect the mgoping
betweendaa attibutesandpreview atributes.

CORRECTIONOF VALUESIN DATA

Someinconsisercies and missing values were discowered
during the proessof bah gererating the data taldes and
visualzing them in the new user interface. The queay

preview desig crucidly providesa complete ovenview of a
dawbag. Implemening it can thus be expeded to reveal
probemsthat would likely remain unndicedin a traditional
text interface This brings berefit to daalaseadministrators
aswel asusersattempting to undersand the daa for the
first time Untl the meadata is repmired, a tempomry
method to deal with thos problems is to add ad-ha@
attibute vadues sub as "na spedfied"

INTERFACE DESIGN CHANGES

Numerais adjugments were nealed in the interface to
aconmodate the structure ard distribution of GCMD data.
Overdl, the data sds were more numerus, more intricate,
andlessuniformly distributed than the smulated data used
in the early prototypes. krst, thepreview barswvere chaged
to use logarithmic saleswhen neessary andthe map and
other display widges were genealized to accanmodde
dynamic sierequiemertsandlayout changes.

Onceit beane clea tha this interface was feasibke for

GCMD andwas likely to be mace availablke to users we

conduweted a final detaled review of the user interface and

found improverrents in the area of layout consistecy,
feedtack andwindow coordnation.

* Headrs were revised and made consisént in the
preview, refinemernt andresuts sreens.

* “Help” and “About...” buttons were added in each
scre@ in a consstent locaion. They lead to nomd
HTML pages, which can be edted easily. A shot
instriction senene was added the preview and
refinemert saeens.

* Theresut bar was modified to also use a non-linear
scak and was labded appropratdy. The
“recommendel number “ wasremovel since there was
no basisfor it in this implementation. The resut ba
was changed to yelow to mach the attribute preview
bars.

» Thelabds of the butonswere made more de<riptive:
e.g “refine with 3 other atributes”

» The"arae” checks boxes(see Figure 3) were redaced
with a 3rd setof barsfor the locaion (Figure 5). This
wasfound to be more consstent. Even thoughsame of
the areascannda be shownon the map we decided to
keepthe map for its visual properties giving uses an
immedatewayto ded with mostareasekdions.

* The attribute labds were changed to mixed case
(instead of upper cag, which is known to be hard to
read) But this should realy be dore at the daa lewel,
nottheinterfecelewel.

* The genemtion dae of the preview tablke is mertioned
nextto thetotal number of datasésin theresut.

» Tofadlitate thebrowsing of theresultsa frame versbn
was pepaed

* Aresé buttonwasaddd.



Most ofthosechangescanbe seen whencamparing:
- Figurel (reeach prootype)
- Figure3 (first opemtond protaype)
- Figure5 (final versionasof November 1997)

RESULTS GENERATION

The query preview returnsthe list of recads correspondig
to the query. Beauseof the reatively small number of
recodsin GCMD, we fadlitated ragd resut gererdion by
including the list of record idenifiersin each cell of the
guery preview talle. This techique is not appropiate for
holdings wth consart upddesard a red seach will have to
be performed. The HTML pages showing resuts sets are
geneated by andher Perl sciipt that serds an SQL query to
the daabaseto retiieve full recad names

Query Refinement | ssues

Retuning the list of data setsimmediatly after the query
preview phag is only effedive if the number returned is
smal. Otherwise, a refinemert phase is neead.
Implenerting an elaboate query refinement inteface as
desigredin the origina resard protatype wasfound to be
a significant implemertation effort. Since our goal wasto
have an opemtiond protaype by the end of 1997 we
exaninedfour dterndivesfor the refinemert phase

e provike a sscad prevew st with 3 addtiond
attributes

* include two or three more atributes in the query
preview (to increaseits dscliminating power)

* conrectto the existing form-ba®gdinterface

» explae the use of off-the-stelf systens (swch as
Spotfire, avisudization ard data mining produd based
on HCL resardh—see www.iveecom)

Thefirst option was lectedandwill be descibedin detals
below. The second option (i.e. induding more atributes)
was rejected becaug it would gererge a large query
preview tale tha woud leadto long laading time andslow
preview upddes The third option (conreding to exiging
form-based interface) was judge to have a high
implemertation costfor little return. The useof Spdfire was
rejededbecauseno Avaversionwasthenawailable.

The first option was implemented ragdly and provides a
secondpreview sep with 3 otherattributes (Figure 4). This
progressie refinement where overviews lead to previews
of subsés andin tum seave as overviews for more fine-
graired objeds illustrates how interadive ovewiews and
previews can sale to large complex digital information
spaces Moreover, it can be implemerted with sgnificart
reuseof exsting sotware (for GCMD a single apget is
usedfor query and refinement, and the data in the tale
triggerschangedn theinterface).

A domain expet cho® theattributes They are data cener,
sourceand £nsor.

There were no mgor problems with the Java interface
devdopmert but once agnin the devdopment of this
interface mack visible uncerlying prodems of meadata
incompleteress.
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Maintenance issues

Thequery preview appraachrelieson theavailability of up-
to-dae query preview tales.

Thosetables aregeneratedin lessthananhour. Theycanbe
geneatedat reguar intevas or whenewer newdaa sds are
addel. The dae of last ypdée mustbe available to users.

Providing alternative preview tables

In the early phaseof the GCMD prgect we desgned an
interface offering altermative query preview tales (e.g. for
differet sdence cdegaies sud as ocean sciene@ or
atmospheic sdence or daa origin such as GCMD vs.
CIESIN). To amplify the GCMD interface we choseto
provide only one tale but the Ja\a apget is sill capble of
handing sewerd tables providing buttons for thean at the
top of thesceen to slectalterratve tables.

2.3 Final version

The GCMD daff has taken over responsibity for
competing the find version and making it pubicly
avdlabke. Figures5-8 stow the latestversbn of the sceens
and Figure 9 sunmarizes the arditedure of the sysem
implemertation.
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Figure 7: Resuts are disgayed in a frane window to
fadlitate the browsing of the records Links to the
NASAVO interface are available when an invertory
seart is possble for the dataset (i.e the search can be
coninued within the catase}.

3- Lessons Lemed and Future Resarch Possiblities

We bdieve tha query preview and query refinement
interfaceshavesubstatial bendits to users This prgect
demastrded tha the concepts are feasibke in a large
operdgiond sysem such as the EOSDIS directory
envionment Cons@&suswas reached on attributes and
values sdecton ard perfomance is sdisfadory (spesd
issueswere al solved) Our expeiience confrmed the
impottance of maadata accuracy and completeness The
guery preview interfaces make visible ary problems or
holesin the metadaa that are unndiceable with classc
form fill-in interfaces. This could be seenas a prablem
butwe think thd it will hawe a long term bereficial effect
on the qudity of the metachia as data providerswill be
compelled to prodice mare canplete metadda.

In gang from a resarch protaype to an opeatonal
system our daa mangemern algorithms and graphcal
user interface mechanisms all required modficaion to
acommodate unarticipated data characterigics. Our nex
chdlenge is to sale up the software archtedure to
acommodate much larger amd more varied dda
collections.

Our work illustratestha the numkber of queres processed
may na be the mostappropiiate measue of the sucessof

a query sysem The query preview interfae will most

likely reduce the number of queiies sentto the daabase
server as users will be alde to refine their query

formuation locally before sulmitting it. A high number

Lt Netscape - [EDSDIS VO: Inventory Search]
Fie Edt View Go Bookmarks Options Directory Window Help

2. Build your search...

This is where youll add/nodify your search criteria. The Bt buttan for each search attribute will take you to a separate sereen for
editting that sttribute (the icon will do this toc). You can also Delete all the criteria for that sttribute.
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Minimum reguirements for Inventory Search: (1) At least one of any of these: data sct, parameter, or sensor.
(2) & geographic region: selecting as small a region as possible is recommended.
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Figure8: Whenclicking onthe NASA VO logo nex to
the daast name userscan jump directly to a VO
invertory search. Here we see tha the name of the
dalsetwaspassd to the VO sarch Other valuesswch as
locationor time cauld be passedaswel.

of queries might very well indicate that usersare not
finding what they need Measuing the averag sze of
retumed resut sds for queries might be a more
reasoablke berchmark And measuing the propottion of
zerohit queriesandmega-hit queiies to the total number
of queriessulmitted would also begn to more effedively
measurethe swweess ofuse interface search syséms.
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