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ABSTRACT

There ae numerous problems associated with formulating queries on networked
information systems. These include increased data volume and complexity, acammpanied
by slow network access This paper propases a new approacd to a network query user
interfaces that consists of two phases: query preview and query refinement. This new
approad is based onthe concepts of dynamic queries and query previews, which guides
usersin rapidly and dynamicaly eliminating undesired records, reducing the data volume
to amanageable size, and refining queries locdly before submisson ower a network.
Examples of two applicaions are given: a Restaurant Finder and a prototype for NASA’s
Earth Observing Systems--Data Information Systems (EOSDIS). Data achitedureis
discussed and wser feadbadk is presented.
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1. INTRODUCTION

The exploration d networked information resources becomes increasingly difficult asthe
volume of data grows. We identified at least the foll owing problems of information

retrieva in networked environments:

» Data Volume: The anourt of data avail ableis rapidly increasing. For example, some
sensor datain NASA’s Earth Observing Systems is growing at the rate of gigabytes per
day. Organizing and indexing the volume of new recordsis difficult. Since many users

seek spedfic rerds, arapid way to focus oninformation d interest is neeled.

» Data Diversity: Data momein avariety of forms, such as text, image, audio, movies, or
combinations of these. Some formats are gpli cation spedfic, making it difficult for search

and retrieval tod s to identify and categorize them.

» Slow Network Access: Slow network accessis awell-known problem of information
retrieval in networked environments. When network traffic is high, data transmisson rates
deteriorate. Therefore, user task completionis acceerated if the number of network

accesss are reduced.

In this paper, we present a user interfaceto suppat efficient query formulation for

networked information systems using dynamic queries and query previews.

Dynamic queries are an extension d graphicd query interfaces based on
aggregation/generali zation hierarchies[1][2]. Dynamic query user interfaces apply the

principles of dired manipulation andimply:
* Visual representation d the query
* Visua representation d the results

* Rapid, incremental, and reversible control of the query
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* Seledion by painting, na typing
* Immediate and continuows feedbadk

Dynamic queriesinvave the interadive antrol by users of visua query parameters that
generate rapid, animated, and visual displays of database seach results. As users adjust
dliders or buttons, results are updated rapidly (within 200mseq).

The enthusiasm users have for query previews emanates from the sense of control they gain
over the query. Empiricd results have shown that dynamic queries are dfedive for novice

and expert users to find trends and spot exceptions [3,4,5.

Early implementations of dynamic queries used relatively small fil es of afew thousand
records. They required the datato be stored in memory to guaranteerapid upcite of the
display. We developed algorithms and data structures that all ow larger filesto be handed
(upto 100,000Qerds) [6] but sSlow network performance and limited locd memory are

obstades when trying to use dynamic queries for large distributed databases.

Query previews offer asolution to this problem. We describe asimple example of query
previews, the Restaurant Finder, to ill ustrate the basic principles. Then the two-phase
guery formulation grocessand a system architedure ae presented. A dynamic query user
interfaceprototype for NASA’s EOSDIS (Earth Observing Systems - Data Information
Systems) is used to show how this approac has been applied. Evaluations from expert
reviews and a cntroll ed experiment are reported. Finaly, related work and conclusions

are presented.

2. QUERY PREVIEWS

Traditionally, there ae two strategies for information seekersto oltain datafrom large
information systems [7]. Analyticd strategies depend oncaeful planning, recdl of query
terms, iterative query formulation, and examination d results. Browsing strategies depend
on wser recognition d relevant information, and therefore they are heuristic and
oppatunistic. Analyticd strategies require users to have agood knavledge of the
applicaion danain, and be skill ful in reasoning. Browsing strategies require less

knowledge, bu can be difficult when the volume of dataislarge.
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Keyword-oriented or form-based interfaces are widely used for formulating queries on
networked information systems. They often generate zero-hit queries, or query results that
contain alarge number of results which users must browse. Users can limit how many
results aquery returns (e.g. 20) to limit the duration d the search bu it isimpassbleto
estimate how much data was nat returned, and how representative of the entire seach
spacetheresults are. Usersalso often fail to find cetaif appropriate keywords canna be
guessd.

Query previews combine browsing and querying. Summary data (such as the number of
records for ead attribute value) guide usersto narrow the scope of their queries. The
summary data, which varies with the database and applicaion, povides an overview of the
database from several perspedives. It isgenerally orders of magnitude small er than the
database itself, and can be downloaded quickly to drive adynamic query interfacelocdly
onthe user’s madhine. Therefore, query previews suppat adynamic query user interface
where the visual display of the summary is updated in red timein resporse to users

seledions. Users can rapidly reducethe number of records to a manageable size.

Query previews empower usersto perform more complex seaches by using visual

strategies and have many advantages:
» reducezero-hit queries

» reducenetwork adivity and krowsing eff ort by preventing the retrieval of undesired

reqrds

» represent statisticd information d the database visualy to aid comprehension and

exploration
e suppat dynamic queries, which aids users to discover database patterns and exceptions

» suitableto novce intermittent, or frequent users

3. ASIMPLE EXAMPLE OF QUERY PREVIEW: THE RESTAURANT FINDER

The Restaurant Finder (Figure 1a and 10 ill ustrates the concept of visual interadionwith

summary data, the essence of dynamic query previews. The Restaurant Finder is designed
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to help usersidentify restaurants that match certain criteria. Users first spedfy criteria of
the restaurants they want, such as type of food @ pricerange. This reduces the number of
seleded restaurants to a more manageabl e size (Figure 1b). The request is then submitted
to the network, which retrieves more data on the seleded restaurants. Users can then

continue to refine their queries with additional, more spedfic, criteria.
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Figure la: Restaurant Finder. Userscan choose an area on the map and make

choices with buttonsand dliders.
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Figure 1b: Restaurant Finder. The user has now selected 2 cuisinetypes, aprice

range, and a geographical area, reducing the number of restaurant to review to 95 as

shown on the result bar which isupdated continuously as usersadjust their queries.
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Consider a database of 50,000restaurants in the mid-Atlantic region. The Restaurant
Finder's user interfaceprovides diders and butons for seleding desired cuisine, range of
cost, range of hours, geographic regions, rating, and accepted charge cads. As sledions
are made, the result bar shown at the bottom of the screen changes length propartionally to
the number of seleded restaurants that satisfy the users seledion (passbly thousands of
restaurants). Zero-hit queries are diminated: users can quickly seeif there ae ay Chinese
restaurants open after midnight and they will rapidly redize that there ae no cheg French
restaurantsin the DC area Database distributions are visible: users may discover that there
are more Chinese restaurants than Itali an restaurants, but more Itali an restaurants are open
after midnight. In the query preview, only summary datais downloaded from the network,
allowing red time interadion and elimi nating network delays until a useful subset of the
data has been identified. Then more detail swill be downloaded from the network about
this subset (e.g. geographicd locdionindicaed onazoom-able locd map, datafor parking
avail ability, number of seds, or handicgpped access to all ow usersto refine their query.
Finally users can click onindividual restaurants and review menus and dredionsto make
thefina seledion.

4. MAIN EXAMPLE AND PROTOTYPE: THE CASE OF EOSDIS

We use the NASA's Earth Observing System Data Information System (EOSDIS) to
ill ustrate our two-phase query preview approad.

EOSDIS SCIENCE DATA

Diverse users (scientists, teaders, students etc.) can retrieve eath science datafrom
hundeds of thousands of datasets. Datasets, named coll edions of data with authoritative
metadata, contain pictures, measurements, or processed deta, from nine data centers
aroundthe ourtry. Standard EOSDIS metadata includes gatial coverage, time cverage,
type of data, sensor type, campaign name, level of processngetc. Classc form fill -in

interfaces for EOSDIS (Figure 2) permit seaches of the drealy large holdings but zero-hit



Final version

gueries are aproblem and it is difficult to estimate how much datais avail able onagiven

topic and what to doto increase or reducethe result set.
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Figure 2: Classic form fill-in interfacesfor EOSDI S (Figure 2) per mit sear ches of the
already large holdings but zero-hit queriesare a problem and it isdifficult to estimate
how much data is available on a given topic.

PROTOTYPES

An ealy version d our two phase gproach was implemented in Visual Basic [8]. Then a
more cmplete prototype was implemented in Tcl/ Tk (also availablein video [9]) and more
recently aworking Java implementation was prepared onthe World-Wide Web (WWW)
[10Q]. The interface onsists of two pheses: query preview and query refinement.
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EOSDIS QUERY PREVIEW

In the query preview (Figure 3), users ®led roughranges for three dtributes: geographicd
locaion (aworld map with 12regionsis siown at the top d the screen), parameters (a
menu list of parameters guch as vegetation, land clasgficaion a predpitation), and
temporal coverage (in the lower right). The spatial coverage of datasets is generalized into

continents and cceans. The temporal coverage is defined by discrete yeas.

The number of datasets for ead parameter, region,andyea is shown onpreview bars.
Thelength of the preview barsis propartional to the number of the datasets containing data
correspondng to the atribute value. At a glance users can seethat the datasets amn to
cover all areas of the globe, bu there is more data on North Americathan South America
Users can also seethat parameters and yeas are mvered relatively uniformly in this
hypotheticd EOSDIS dataset colledion. The result preview bar, at the bottom of the
interface displays the total number of datasets.

Only rough gueries are possble sincethe spatial coverage of datasets are generali zed into

continents and aceans and the temporal coverage is defined by discrete yeas.

A query isformulated by seleding attribute values. As ead value is sleded, the preview
barsin the other attribute groups adjust to refled the number of datasets avail able.

For example, users might be interested orly in datasets that contain datafor North
America which are seleded by clicking on the North America dedbox (left of the map)
or by clicking ontheimage of North Americaonthe map. All the preview bars changesin
afradion d aseand(seeFigure 3b) to refled the distribution d datasets for North
Americaonly. Theresult preview bar at the bottom changes sze to indicate the number of

datasets for North America(660in this example).

Users cortinue to define aquery by seleding from other attribute value groups. In this
example, users pick the two largest attribute values for North America, “Vegetation” and
“Land Classficaion” (seeFigure 3band c). The preview barsin the spatial and yea

attribute value groups adjust to refled the new query.
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The OR operationis used within attribute value groups, the AND operation between
attribute value groups [1]. Those AND/OR operations are made visible by the behavior of
the bars which become small er when an attribute value is gedfied for the first time (e.g.
picking the first yea) whil e becoming longer when additional values are alded for agiven
atribute (e.g. when more yeas are alded). This conjunction d digunctions design handles
many queries conveniently and all ows rapid exploration that reduces the need for some

more complex bodean queries[1][11]].

Users further reducethe number of seleded datasets by choasing spedfic yeas, in the
example 1986, 1987and 1988 threeyeas which have data & srown onthe preview bar
(Figure 3d). These seledions change the number of datasets in the other attribute value

groups, and the preview bars are updated.

When the “Submit” buttonis pressed the rough query is submitted to the EOSDIS seach
engine and the metadata of the datasets that satisfy the query is downloaded for the query
refinement phase. In the example the query preview phase narrowed the seach to 66
datasets.
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@Applet Yiewer: hcil. eosdiz. querppreview. class
Applet
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Figure3c: Vegetation and
Land Classification are
now selected. The preview
bars showswhich years
have data.

Figure3d: Threeyears
(1986, 1987, and 1988) have
been selected. Theresult
bar showsthat an
estimated 66 datasets will
satisfy thisquery (the scale
islogarithmic). Thequery
can now be submitted.
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EOSDIS QUERY REFINEMENT

The query refinement interfacesuppats dynamic queries over the metadata, i.e. over all the
attributes of the datasets. These include: the detail ed spatial extent and temporal interval,
parameters measured in the dataset, the sensor used to generate the dataset, the platform on
which the sensor resides, the projed with which the platform is associated, the data achive
center wherethe datais dored, and data processng level which indicaes raw sensor data
(level 0) to highly processed ceta (level 4).

A temporal overview of the datasetsis given in the top left (Figure 4a). Each dataset is now
individuall y represented by a seledable line. Controls are provided to seled values for the
common attributes: the data achive center, projed, platform, sensor, and data processng
level. Beside those common attributes additional attributes can be included in the metadata
but since the number of attributes may be large, menu accessneeadsto be provided for thase
lesscommon attributes. At the bottom of the screen atable lists al the datasets and gives

exad values for the atributes.

In the refinement phase of the query, users can seled predse values for the dtributes. The
map, already zoomed to the aeaseleded in the query preview, shoud be zoom-ableto
allow predse seledion. The time line of the overview, arealy narrowed to the yeas

seleded in the query preview, can be re-scaed to spedfy narrower periods of interest.

12
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Processing Level

Archive Cenier Project Platform Sensor
GSFC PATHFINDER || NOAL AVHRR
LARC ISCCP GOES S5
OFMNL ERBE GMS
MESFC GPCP IWMETECSAT VISSR

FIFE DIvISF ERFBE
OTTER ERBS HIRS
1986 1988 SPOT HRV
Aireraft ASAS
SaR
IR

Press "Ctil" (the control button) while clicking on an attnibute value to jump to arelated web-page.

Hum: Dataset Name: Start Date: End Date: Size: Granule Count: Browse:
1 AVHRR Pathfinder Land 10 Day Mosaics 111186 1731188 ZaMB 1234 YES
2 Chang SSM/1 Derived Monthly Rain Indices 1213167 13131167 ZiIMB 8763 HO =
3 Leaf Angle Data 2197187 10/0/68 a0MB 2346 HO
4 Leaf Angle Data 1728187 619758 25MB 2703 NO
3 Chanyg S5M/l Derived Monthly Rain Indices 1721186 a8 43MB 1274 HO
6 Surface Radiance Data 1221186 3N 458 43MB 954 NO £

Figure4a: In the query refinement users can browse all the information
about individual datasets. Theresult set can be narrowed again by

making mor e precise selections on mor e attributes.

Inthis s2ond d/namic query interfacethe result of the query isimmediately
visualized onthe overview. As attribute values are seleded the number of lines on
the overview changes to refled the query in afew milliseconds sncethereisno

accesto the network.
All controls are tightly couped to:

» Describe seleded datasets. When users click onadataset of the timeline
overview, the correspondng attribute values are highlighted onall cortrols: e.g.
the sensor is highlighted, the spatial coverage shown onthe map, the row of the
dataset table is highlighted and scroll ed to the front if needed (Figure 4b)

13
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* Indicaevalid values. Oncesome dtribute values have been seleded, controls
can refled the now invalid values by graying them out (e.g. seleding a platform
will most likely eliminate some of the sensors which will become grayed out).
This can be adieved by analyzing the metadata of the datasets.

In Figure 4c the number of datasets was reduced by seleding the processng levels 2
and 3,two archive canters, and threeprojeds. More detail s abou a dataset such as
descriptive information and sample data can be retrieved on éemand from the
network before the dedsionto dowvnload afull dataset is made. The Java
implementation also ill ustrates the benefit of the World-Wide Web by allowing
interfaceobjeds to ad as links to relevant WWW information sources. For example,

ead patform nameislinked to aNASA page describing that platform.

5. SYSTEM ARCHITECTURE

The achitedure suppating the two-phase query formulation consists of threelayers:
interface locd storage, and retwork (Figure 5).

At the interfacelayer, users formulate and refine queries as described above. The
query preview and query refinement interfaces provide avisual representation d the

preview statistics, seleded datasets, and qlery parameters.

Thelocd storage layer maintains the data used to drive the dynamic query interfaces
of theinterfacelayer. This data consists of avolume preview table (summary data
that indicates the number of datasets for ead attribute value and intersedions) for
the query preview, and dataset metadata for the query refinement. When users

initi ate aquery preview sesson, the volume preview table is downloaded from the
network databases.

The network layer is where the network adiviti es take place These network
adivities include updating the volume preview tables, providing the metadata for
datasets sleded from a query preview, retrieving the detail s of a dataset seleded in

the query refinement.

14
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Processing Level

Archive Center Project Platform Sensor
GSFC PALTHFINDEER. || NO&A LVHEER
LARC ISCCE FOES S50
OFRNL EREE WIS TWIIER.
WISFC GPCE WETEQSAT WVISSE
FIFE DIWISE EREE
OTTER. EFES HIES
Adrcraft ASAS
SAR
IE.

Figure 4b: Partial screen showing highlighted parameter values
corresponding to a dataset selected on the timeline overview.

Archive Center Project

————— GSFC PATHFINDER. || NOAA
LARC I3CCP GOES
ERBE
MSFC
DIMSP
» « ERES
1986 1988

Press "Ctrl" (the control button) while clicking on an attribute value to jump to a related web-page

Hum: Dataset Name: Start Date: Endl Date: Size:
1 AVHRR Pathfinder Land 10 Day Mosaics 171736 1731788 Z5MB
2 Chang SSM/1 Derived Monthly Rain Indices TZN3m7T 13531/87 Z7MB
3 Leaf Angle Data Zr9mT LLTEE] SOMB
a Leaf Angle Dala F7Zarar 6719750 ZoMB |
5 Chang SSMI1 Derived Monthly Rain Indices 1721106 S BINE |
3 Surface Radiance Dala TZiZ176 I Ara0 IME

Paramétler: Vegetation
Sensor: AVHRR

Platform: NOAA

Project: Pathfinder

Data Archive Center: GSFC
Dataset ID: AVHRR Pathfinder Land 10 Day Mosaics
Processing Level: 4
Horthemmost Latitude: 76
Easternmost Longtitude: 164
Southermmost Latitude: 24
Westemmost Longlitude: 97
Start Date: 111/86

End Date: 1731/88

Previous Gramle Next Granule Product Request Help Cose

Figure4c: Herethe query hasbeen refined by selecting 2 archive
centers, 3 projectsand 2 processing levels. Morefiltering could be
done by zooming on thetimeline or on the map. Thetimeline overview
and the dataset table reflect theremaining datasets. Details and
samplesimages can be downloaded from the network (window on the
right) befor e the long process of ordering the lar ge datasets.
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Figure5: Architecture of two-phase dynamic query approach for networ ked

information systems.

Volume Preview table

The size and dmensionality of the volume preview tableis afunction d the number of
preview attributes and the number of discrete preview values for ead attribute. Consider a
Restaurant Finder with threepreview attributes. cuisine type, rating, and accepted credit
cads. Imagine five types of cuisine, four ratings, and two accetable aedit cards. In the
simplifying case where eab restaurant’s attribute can only take asingle value the volume
preview table would be afive-by-four-by-two table, with atotal of 40 combinations. But
in ou example of the Restaurant Finder, allowable aedit cards may be grouped. The cdls
of the volume preview table must be independent so there must be cdlsfor ead passsble
combination d credit cards. Two credit cards creae four passble combinations
(including neither being acceptable), so the volume preview table has five-by-four-by-four
or 80 combinations. Each cdl inthetable (i.e. ead attribute value combination) holds an
integer representing the number of restaurants in the database for that particular
combination. In Figure 6 correspondng to the “threestar rated” restaurants, the cdl for 3-
star Indian restaurant that accept Visa and MasterCard hdd the value 98. Such tables are

used to updite widgets in the query preview interface

16
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French Mexican American | Indian [talian
None 18 9 5 6 8
Visa 45 22 40 34 23
MC 12 56 40 23 12
Visa& MC 80 90 120 98 160

Figure6: A dlice of the volume preview table for an example
Restaurant Finder. This 2D tableresults from specifying one of three
preview attributes. In thiscase, the third attribute, rating, has been
specified. Thistableisused to update preview barsin the query

preview interface.

N preview attributes, yield an N-dimensional volume preview table. The total size of the
table is many orders of magnitude small er than the size of the database, or the size of the
datasets metadata. Furthermore, the volume preview table does not change size athe
database grows. Even if the database has billi ons of records, the size of the volume
preview table dlowsit to be loaded into locad high-speead storage to suppat dynamic

gueriesin the query preview phase.
Controlling the size of the table

Nevertheless the number of attributes and the number of the posgble values needs to be
caefully chasen if the objeds being seached (e.g. restaurants or datasets) can take ay
combinations of values for their attributes. In the simple cae of the Restaurant Finder, eah
restaurant could have a @mbination d credit cards. The interfacewidget only had 2 butons
for credit cards but the volume preview table needed 4 rows to represent the mmbinations. In
the cae of EOSDIS a given dataset can contain measurements of several parameters, covering
severa areas over severa yeas. Intheworst case (i.e. if all combinations are possble) the

size of the preview table muld become 21322 (for 12 areas, 12 mrameters and 10time

17
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periods) which would leal to megabytes of data, much too large to load over the network and

usein the preview.

A first solutionisto ignore in some way the possble mmbinations and court twicethe
datasets that have 2 parameters, orcein ead cdl for ead parameter it contains. This will
result in corred individual preview bars (e.g. the preview bar for 1990redly gives the total
number of datasets that have any data for that yea) but inflate total result preview bar since
some datasets are wurted multiple times. This might be accetable if combinations are a
small propation d the data, which islikely to be mmon kecause of the high granularity of
the seledions in the query preview.

A secondmore acarrate solution to the problem is to analyze the number of combinations,
either by looking at the type of attribute (e.g. yea combinations are typicdly yea ranges,
reducing the number of combinationsto 55instead of 1024for 10 values), or the distribution
of the dataitself (e.g. EOSDIS parameters are grouped into only alimited number of

compatible ambinations).

The first solution hes the alvantage of keeping the size of the volume preview very small (e.g.
12x12x10integers for our EOSDIS prototype, i.e. much smaller than the world map graphic),

the seaondgives amore acairate preview but requires moretime and space

In ou prototype we chose to simply dugi cae datasets because we did na have accssto large
amounts of red EOSDIS metadata. The dtributes were abitrarily seleded. However, it is not
difficult to replacethe set of attributes used in the prototype.

To summarize, volume preview tables can become large if combinations are to be previewed
acarately or if large numbers of previewing attributes or attribute values are chosen. But the
query preview technique can aways be tail ored by reducing the number of attributes or
attribute values in the query preview. The size of the preview table can also be alapted to

users work environment (network speed, workstation type) or preferences.
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Updating the volume preview table

Sincethe data of the networked information system changes regularly, volume preview tables
have to be updated. Our approach depends on the data providers being willi ng and able to
produce and puldish vdume preview tables onaregular basis (weekly, daily or houly
depending onthe goplication), or onthird party businesses runnng series of queriesto buld
the tables. Sincethe preview isonly meant to enter rough queriesit may be accetableto use
dlightly out of date volume preview tables. The query preview neals to make dea that the
preview bar sizes are an approximation d the red volume and give the “age” of the
information tsed. When the rough query is submitted, the (up-to-date) databases are queried
andwill return up-to-date datafor the query refinement. At this point the number of datasets
returned might be dlightly different than predicted by the query preview. This might be a
problem when the query preview predicts zero hits while anew dataset that would answer the
query hasjust been added to EOSDIS. Thisrisk hasto be evaluated and adequate scheduling
of the updates enforced. The Cubetreeimplementation o datacubes [12] seans a promising
data structure as it has efficient query update.

Limiting the download d metadaa

Most users and dhta center staff will want to limit preview requests to those whose result set
is gnall. The submit button can be disabled when the result set sizeis above arecommended
level (75in ou prototype).

6. LIMITATIONSOF THE CURRENT EOSDISPROTOTYPE

The present implementation d the query refinement interfacehas sveral limitations. The
implementation d the query refinement overview will not scae up well when more than 100
datasets are returned from the query preview. Thetimeline of intervals will get tootall and
occupy too much screen spaceif intervals are not allowed to overlap. Better methods of
handling large numbers of intervals are neaded. Possble diredions include: zooming,
optimizing the line pading to make use of screen space or using line thicknessto indicate

overlaps. The quantitative and qualitative overview of the large number of datasets is needed
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to monitor their filtering but the aility to seled individual linesisimportant when numbers

have deaeased enough to require browsing of individual datasets.

In o EOSDIS prototype the zooming and panning of the overview has nofiltering effed but
we have implemented ather examples which demonstrate the benefit of the technique (e.g. for
the Library of Congresshistoricd spedal colledions browsing [13]). Similarly the filtering
by geographicd locaion has nat been developed yet in the query refinement. Zooming and
seleding redangular areas is easy but more sophisticated seledion mecdhanisms used in

geographicd information systems are probably necessary.

The query preview all ows users to spedfy the most common bodean queries (OR within
attributes and AND between attributes). This is appropriate sincethe query preview isonly
meant to be arough query, bu more predse ntrol over the bodean combinations need to be
provided in the query refinement. Our current prototype does nat offer such cgpability. Menu
options can be provided to change the "behavior” of widgets, or graphicd todls can be
provided to allow bodean combination d the widgets[11].

7. EVALUATION AND USER FEEDBACK

Expert user revew

The prototype dynamic query preview interfacewas presented to subjeds as part of a
Prototyping Workshop aganized by Hughes Applied Information Systems (HAIS) in
Landower, MD [14]. A dozen NASA eath scientists who use EOSDIS to extrad datafor
their research participated in the evaluation and reviewed several querying interfaces during

the day.

The hands-on review of our prototype lasted abou an hou and a half. Groups were formed
with two or three ealuators and an observer / note-taker in ead group. They receved no
training but were given 5 dredions or starting points to explore the prototype. For example,
one diredion was to “Examine the relationship between the map at the top and the data shown
on the battom half of thewindow. Try seleding a geographic region and various attributes.
How are the datadisplayed.” Evaluators were encouraged to “think aloud’ during the sesson
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and their comments and suggestions were recorded. The 12 pofessonalsreaded pasitively
to the new concepts in the query preview and query refinement interfaces. They agreed that
the visual feedbadk provided in the query preview interface # ows usersto understand the
distribution d datasets. A group d evaluators recommended that it would be an effedive tod
for subjedswho dd na know what datawas avail able. Others remarked that some users
would nd even nedl to go to the refinement phase & they would redize immediately that no
data was avail able for them. The query preview interfacewas said to "all ow usersto seled

data, seerelationships among data, and explore avail able resources’.

Subjeds said that they appredated the time interval overview concept, liked to be aleto
seled or deseled and seethe dhanges in the overview. Subjeds felt that the prototype “led the
user”, and was “an intuitive way to search data.” Some users suggested that the map regions
and seledable dtributes be austomizable so users could interad with information in which
they are interested (diff erent spedalti es may require diff erent query preview attributes). At
the time of the test the prototype was %t to perform an AND operation within an attribute.
This meant that clicking on 1991just after a dick on 1990would result in all the bars being
shorter (sinceit had restricted to the datasets which had data ébout 1990AND 1991). After
some confusion, all groups of evaluators were ale to figure out that an AND was being
performed by seang the bars grow or shrink. But it was clea that they had expeded the
interfaceto perform an OR within attribute (i.e. retrieving al datasets having data from 1990
or 1991]). Thiswas an important change made to the prototype following the evaluation. This
aneaote cnfirmsthat the visual feedbad helped users understand the operations performed
by the sytem.

After the evaluation, subjeds were given aquestionraire and rated the interfacepasitively.

For a complete list of subjed comments and questionraire results, see[14)].

Controlled Experiment

Twelve computer science students ached a database of films with aform fill -in interface
They were given orly ten minutes of training in the use of theinterfaces. The experimental

treamentsin this counterbalanced within-subjeds design were presence or absence of a query
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preview [5]. Thetasks smulated a cmplex browsing situation such as. “Find a PG-13
musicd which was produced between 1991and 1995f no such film is avail able, find awar
film from the same yeas with the same rating, if nat, try amusicd or awar film from 1970

91, and asthelast posgbility, try a cmedy from 197095~

The query preview treament showed whether or not there were any films satisfying the
requirements, allowing subjedsto rapidly explore dternatives. In the experiment, there were

no lengthy network delays, so the time diff erences would be much larger if there were delays.

Subjeds using the query preview took an average of only 36.2seconds whil e others took 57.5
sewnds (p < 0.05 for tasks in which the query preview attributes were partially relevant.
Stronger results, 24.4secndsvs. 51.2semnds (p < 0.05, were obtained when the tasks
closely matched the query preview attributes. This dramatic doubing of speed for query
previewsisastrong indicaion d its benefits, which will be even greaer in the case of
network delays. For tasksin which there was no match with the query preview attributes,

there was only a 10% slowdown in performance

Subjedive satisfadion was gdatisticdly significantly higher for the query preview users, who
rated the query preview interfaces higher onfive questions: helpful ? faster? enli ghtening?
enjoyable? useit again? Subjeds also made useful suggested improvements such as rapid
ways to reset the query preview.

8. SUMMARY AND DISCUSSION

The two examples we described ill ustrate aquery formulation processfor networked
information system consisting of two phases: query preview and qiery refinement.
Query Preview

In the query preview phase, users form arough query by seleding rough values over a small
number of attributes. The scope of the query islarge, bu the resolutionis limited (seeFigure

7). Summary datais maintained for ead of the query preview attributes and intersedions.
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The total number of items sleded by the user’s query is visualized onaresult preview bar (at
the battom of the screen for both the EOSDIS and restaurant finder examples). Preview sizes
can aso be rendered onmaps or charts, asill ustrated in the EOSDIS prototype. These

renderings must change within afradion d aseondin response to user inpu.

Seleding appropriate atribute values or categories rapidly reduces the data volume to a
manageéble size. Zero-hit queries are diminated since users can spat them withou isauing a
guery. Once users are satisfied with the formulated guery, it is submitted over the network to
the database. More detail s about individual records are then retrieved to refine the query.

Query preview Query refinement

Number of records Very large Manageale (eat oreis
seledable for detail s-on-

demand)
Number of attributes for Few Moreor al of the
seledion attributes
Seledion d attribute Rough ranges or More predse or exad
values metavalues values

Figure7: A comparison table of the two phases of the query formulation process.

Query refinement

In the query refinement phase, users construct detail ed queries over all database
attributes, which are goplied oy to those records sleded in the query preview. The
scope of the query is smaller, but the resolutionisfiner. Theinterfaceprovides acces

to al database dtributes and their full range of values.

A charaderistic of the query refinement phase is the rendering of eat record in a
graphicd overview. The overview is closaly related to the widgets used to refine a
guery, and refleds the query. By seleding appropriate values of relevant attributes,

users continue to reducethe data volume and explore the correlation among the
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attributes through the visual feedbadk. Complete detail s can then be obtained at any

time by accessng the database acossthe network for individual records.

9. RELATED WORK

An ealy proposal for volume previews in a database seach isdescribed in [15]. The
"Dining out in Carlton" example was provided to ill ustrate aseach technique (for a
spedfic restaurant) based onthe volume preview of the number of the avail able
restaurants. However, query previews were not exploited to suppat dynamic queries

and guerying in networked information systems.

Retrieval by reformulationis a methodthat suppatsincrementa query formation by
building on glery results [16]. Eadh time auser spedfies aquery, the system responds
with query reformulation cues that give users an indicaion d how the repository is
structured and what terms are used to index objeds. Users can then incrementally
improve aquery by critiquing the results of previous queries. Rabbit [16] and Helgon
[17] are examples of retrieval systems based onthe retrieval by reformulation paradigm,
which is aso the basis of the two-phase query formulation approach.

Harvest [18] was designed and implemented to solve problems common to Internet
users. It provides an integrated set of customizable tods for gathering information from
diverse repositories, bulding topic-spedfic indexes, and searching. Harvest could be
used to maintain and upaite the metadata servers where users can extrad information
and storeit locdly in order suppat dynamic queriesin bah the query preview and

guery refinement phases.

However, Harvest, just like other WWW browsers, still applies the traditional querying
tedhnique based on keywords. In order to expressa complex query, amore visual query
interfacemay be dfedive. Marmottais aform-based tod used within WWW-cli ents to
query networked databases [19]. The eae of use of form-based interfacesis preserved
(users need na know the structure of the database). Within Marmotta, icons are used to
present the domain of interest and the retrieval requests in a structured form-based

interface Icons are used in Marmotta to formulate aquery. The system then translates
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the query into a syntadicdly corred format that can be handed by an HTTP server. In
order to cope with the increasing data volume, for example in libraries containing

milli ons of documents, it is common to formulate querieson alibrary catalog. A
prototype interfaceusing aranked ouput information retrieval system (INQUERY)) for
alibrary caaog containing abou 300,000 douments has been implemented [20]. The
interfacesuppats a visuali zation scheme that ill ustrates how the query results are
related to the query words. Visuali zing the results of the query kegps users more
informed on hav the system computed the ranking of documents. Another technique,
Tilebars, visualizes term distribution informationin ead dacument to supdement result

listsin full text retrieval systems[21].

Butterfly was devel oped for smultaneously exploring multiple DIALOG bibliographic
databases aaossthe Internet using 3D interadive animation techniques [22]. The key
technique used by Butterfly isto creae avirtual environment that grows under user
control as asynchronous query processes link hibliographic records to form citation
graphs. Asynchronous query processs reduce the overhead associated with accessng
networked databases, and automaticaly formulated li nk-generating queries reducethe
number of queries that must be formulated by users. The Butterfly system provides a
visually appeding display. However, it was nat designed to suppat the formulation o

complex queries.

10. CONCLUSIONS

In this paper, the mncepts of query previews and refinement are presented, and two
prototypes are described. The evaluation results from a NASA Prototyping Workshop
and a ontrolled experiment confirm the benefits of the query previews. We suggest

strategies to control the size of the volume preview table.

An operational query preview system has been implemented for NASA’s Global Master
Change Diredory [23]. Consensus has been rapidly readied onattributes and values
seledion, and performanceis stisfadory. Our experience @nfirmed the importance of

metadata accracy and completeness The query preview interfaces make visible ay
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problems or holes in the metadata that are nat naoticeale with classc form fill -in
interfaces. Thiscould be seen as a problem but we think that it will have along term
beneficial effed onthe quality of the metadata & data providers will be compelled to
produce more complete metadata. Our experiencewith the Global Master Change
Diredory demonstrates that the mncepts are feasible in alarge operational system, such

as the EOSDIS diredory environment.
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