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The purpose of computing is insight, not numbers.
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Abstract

The capacity to incrementally adjust a query (with sliders, buttons, selections from a set of discrete
attribute values, etc.) coupled with a visual display of results that are rapidly updated, dramatically
changes the information seeking process. Dynamic queries on the chemical table of elements,
computer directories, and a real estate database were built and tested in three separate exploratory
expeniments. Preliminary results show highly significant performance improvements and user
enthusiasm more commonly seen with video games. Widespread application seems possible but
research issues abound in the areas of: (1) graphic visualization design, (2) database and display
algorithms, and (3) user interface requirements. Challenges include methods for rapidly displaying
and changing many points, colors, and areas; multi-dimensional pointing and exploring using 6
degree of freedom input/output devices; incorporation of sound and visual display techniques that
increase user comprehension; and integration with existing database systems.



HCAL

The 10-year old Human-Computer Interaction Laboratory (HCIL) is an interdisciplinary effort
within the Center for Automation Research. The main participants are faculty, staff, and
students from the Department of Computer Science, Department of Psychology, and
Coliege of Library and irtermation Services at the University of Marylarnid, Coliege Park, MD.

i~ar single copies
c:r alist of all HCIL
t=..:hnical reports
pisase write to:

Teresa Casey
Human-Computer
Interaction Laboratory

£ Y. Williams Buiiding
Liniversity of Maryland
{.ollege Park MD 20742

¢ aail teasey@cs.umd.edu



1. INTRODUCTION

The steady growth of online databases and their dramatically improved accessibility through
networks has only been partially matched by improvements in methods for browsing, searching,
retrieving, filtering, and displaying data. However, certain approaches have captivated users and
enabled remarkably powerful control of massive amounts of information. These successful
approaches usually depend on powerful filtering tools, continuous visual display of information,
rapid, incremental, and reversible control of the query, and pointing rather than typing. These
features are interpretations of the direct manipulation principles (described in my JEEE Computer
article, August 1983), in the database environment. Ichose the term dynamic queries to

emphasize the interactive user control of query parameters that generate an animated display of
latabase results.

1.1 Dynamic Query examples

Most database queries are specified by typing a command in keyword-oriented language such as
3QL, DIALOG, or FOCUS and the result is presented as a tabular list of tuples containing
alphanumeric fields. This traditional approach is appropriate in many problem solving tasks, but
‘ormulating queries by direct manipulation and displaying the results in a graphical manner has
advantages in many situations. For novice users, learning to formulate queries in a command
tanguage may take many hours and then they must deal with the high level of errors in syntax and
semantics (Welty, 1985). Many projects have demonstrated that graphical queries can be helpful
when users formulate queries (Michard, 1982; Wong & Kuo, 1982; Kim, Korth & Silberschatz,
1988). Also, graphical results in context, such as on a map (Egenhofer, 1990) are useful for
comprehending the results.

For experts the benfits of graphical interfaces may be still greater since they will be able to
‘ormulate more comiplex queries and interpret intricate results. For example, air traffic control
:ould hardly be imagined withiout graphical situation displays (looking down on all the planesin a
sector), and I believe it coul: be improved with better query formulation widgets. Network
nanagement is an =uerging application in which designers recognize the visual displays are
sotentizlly a strong venefit bicause of the extreme complexity in dealing with 10,000 or morz
1odes ana links. Sixailarly, < ratisticians, demographers, or sociologists dealing with large mmniti-
‘Hmerisiveal datebses will & o able to explore and discover relationships more easily.

Geographic applications emerge naturally as candidates for dynamic queries. A system for real
zstate brokers and their chien's was built that located homes by adjusting sliders for the price,
aumbes ot bedre: s, mamtzaance costs, quality of schools, etc. (Williamson & Shneiderman,
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1992) (Figure 1). Each of the 1100 homes satisfying the query appears as a point of light on a
Washington, DC map. Users could explore the database to find neighborhoods with high or low
prices by moving a slider and watching where the points of light appeared. Geographic queries
were supported by allowing users to mark the locations where they and their spouse work. Then
users could adjust the sliders on distance to the work places to give intersecting circles of
acceptable homes. An empirical study was conducted with 18 psychology undergraduates to
compare the dynamic queries approach to a natural language query facility (Q&A from Semantec),
and a 10-page paper listing. The counterbalanced within subjects design found statistically
significant speed advantages for the dynamic queries over either alternative for the three most
difficult of the five tasks. Subjective satisfaction dramatcally favored the dynamic queries. One
subject remarked about the dynamic queries treatment: “I don’t want to stop, this is fun!”

Figure 1: The DC Homefinder dynamic query system enables users to adjust the sliders for
location, cost, number of bedrooms, home type (house, townhouse, or condominium), and
features (Firerlace, Central Air Conditioning, garage, or new construction). The results are shown
as points of Light which can be selectad to generate a detailed description at the bottom of the

SCTres .

-30f18-



Another geographic application we built highlighted entire states of the United States that had
cancer rates above a specified value (Plaisant, 1993) (Figure 2). Users could explore the database
by looking at different years, or adjusting sliders to select statistics by per capita income, percent
college educated, percent smokers, etc. The rapid change in area colors, accomplished with color
indexing on the palette, enables users to detect changes in cancer rates over time and correlations
with demographic variables.

AGE-ADJUSTED CERVIX UTERI CANCER RATE (WHITES ONLY)

University of Maryland, Human—Computer Interaction Lab
(Copuright 1982)
National Center For Health Statistics

Figure 2: This dyna—i query shows cervical cancer rates 7 om 195 *0 1970 in each state.
Adjustments cun be n.-de to th= year and state dewn zrap! ... variabiz:. such as the perceatage of
»llege education, por capita income, and percenit smokers.

Applications seem abuiadant for traditionl services that have geograyhic aspects (travel information
sys:cims, hotel or resor: selection, choosing a collese) as wel! as scieiific or engineering

appl: ations (clectr 1. circuits, networks, satellite zrourd =overage, astronomical star guides).
Anotiaer like¥ cand’<:i « for output is a calendar i sime Ji#= m which queries might specify event
type: (conceris, meeiir-gs, conferences) szlected iy cost, i.1ority renkings, or distance from home.

A dynamic query tool for the chemical table of elements was built with sliders for atomic mass,
ab. aic number, atornic radius, ionic radius, lonir#ion encrgy, and electronegativity (Ahlberg,
W.iliamson & Shneil«imoan, 1992) (Figure 3). Aj propriate chemicals are highlighted and students
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can refine their intuitions about the relationships among these properties and the atomic number or
position in the table. The dynamic query approach to the chemical table of elements was tested in
an empirical comparison with a form fill-in query interface. The counterbalanced ordering within
subjects design with 18 chemistry students showed strong advantages for the dynamic queries in
terms of faster performance and lower error rates.

1A 8A
tH 4A s He
:1i Be B C N 3F Ne
sNaMgasw & s e m s ossm s o1 o AL SI P &5 O Ar
«¥ CaS¢c Ti V Cr MnFe Co Ni CuZn Ga Ge As S¢ Br i
sREb S *; Zr Nb MoTc RuRh ¥d Ag Cd v Sn Sb e Xe
607s Ha La Mf Ta W Re Osdr Py oAp Ha 11 P owy
75y Ef;‘

Atoemic Mass{u) 260 0 ) 260 lonlc Radiusipm) g3__ ¢ ¥ 2086 Max
Atomic Number 82__o % 103 lonization Envray(eV) 25 0 ] 25

Awmic RadiusGzm) 270 0 ] 270 Elecotronegstivityt*10) 60 0 | 60 Minj

Figure 3: The chemical table of elements makes a natural visual display for information on

chemical properties. Chemicals matching the query are shown in red. Gaps and jumps are easily
found.

When there are no natural graphicai displays for the output, dynamic queries can still be
implemented with result set in a traditional alphanumeric tabular display (Figure 4). In our
implementation the sliders and buttons are created seri-automatically by the program depending on
the values that exist in the imported ASCII database. As the users press down on the mouse and
adjust the sliders, the result bar on the bottom changes dynamically to indicate how many items
remain in the result set, but the tabalar display is upc:..:d only when the user releases the ::0use
buti~e. Thiz ¢ licy was adopted to avoid the distracs: i of the frequent rewriting of the {isplay.
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Figure 4: Even when there is no n:-ural graphic framework for a dynamic query display, the
method can be used with tabular alphanumeric output. As users adjust the sliders andbuttons for
the query, the result bar along the bottom indicates how many items match. When the users stop
myving the sliders and let go of tiwe mouse button, the tabular display is re-written.

Another tabular dynamic query v as built to allow users to explore UNIX directories (Liao, Osada
& Shneiderinnn, 19923 (Figure 5). sliders for size (in kilobytes) and age (in days) of files enabled
1¥ nsers to answer ten questions sich as “How many files are younger than umcp_tai?” The three
versions of the program explored zpproaches to showing the resulis in standard ‘s -1’ format:
highlighting natches with color, ...;hlighting matches with asterisks on the same line, and
¢isplaying orly the meiching ling : ¢-hat is, delete the non-matching files from the display). The
lutier approach, called “xpand/cc  :-act, was distracting if updates were made as the slider was
t¢lng moved, so re-dis:.inys occi.mi~d when users stof 5:d moving the shiders and let go of the

[ PR

moase button. In five of the tasks there was a statistically significant speed advantage for the
Expand/contract interface. This result occurred only with medium sized directories of
agrroximately 60 entries (two screen pages), and not with a smaller one screen page directory.

"t iie: benefits of Expan«/contract seem likely to grow as the size of the directory increases. These
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results help us develop guidelines and hopefully theories about how to design displays for dynamic
queries.

~rwx~=-—-—-~ 1 holmes

—PWX—————— i holméé

-rwy-—————— 1

—PWY—————— holmes

music_events

holmes

holmes 9278 Oct 19 17:19 openwin
holmes openwin. fag

—rWR——————
—PWR——————

—rWR—————— holmes

-
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R
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N

Figure 5: The standard ‘Is-1’ tabular display can be the framework for UNIX directory
exploration. The sliders, built with Sun DevGuide, allow selections to be made on the age (in
tays) and size (in kilobytes) of files. Coior highlighting and expand/contract methods of display
vrere compared in an explora: »: v study.
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1.2 Advantages

The advantage of dynamic queries seems to be that it allows users to rapidly, safely, and even
playfully explore a database. Users may be able to discover quickly which sections of the multi-
dimensional search space are densely and sparsely populated, where there are clusters, exceptions,
gaps, or outliers, and what trends there are in ordinal data. Such overviews, the ability to explore,
and the capacity to rapidly specify known item queries makes dynamic queries an appealing
approach for certain problems. Several researchers and developers have recognized the advantages
of rapid reformulation of queries even in textual interfaces. The advantages of visual input and
output were explored in some statistical display programs, geographic information systems, and
computer assisted design packages.

Dynamic queries appear to be effective in both answering specific fact questions and in exploratory
browsing of large data sets. Dynamic queries achieve this wide rage of application by ayplying
direct manipulation strategies:

- Graphical presentation of query components
- Graphical presentation of results

- Rapid, incremental and reversible actions

- Selection by pointing (not typing)

- Immediate and continuous feedback

The benefits are the elimination of syntactic errors which encourages exploration. Dynamic queries
can reveal global properties as well as assist users in answering specific questions. The
disadvar:ages are that current hardware and software systenis are peoorly organized to provide the
necessary visual 1+.put, data structures, and grapliical outpurs. As the database grows it »7ill be
more dif::cult to upcate the display fast enough and speciaii:2d data structures or paralle!
computztzon may be required. Other problems include the need for graphic displays, the by
limiting utility over slow telephone lines, and the difficulty ior blind users.

We couid analyze the benefits of dynamic queries by analyzieg the tasks that could be
accompiished by diiferent user commurities. For data in wh.ch there 1s a known relatic - aip
among variables, the dynarnic queries interface is useful for training and education by exploratior:.
For situations in which there are understood correlations, but their complexity makes it difsicult for
non-experts to follow, dynamic queries can allow a wider range of people to explore the
interactions (health and dernographic variables, chemical table of elements, economic or ir-arket
data). Finally, where there is o much data that even experts have not sorted out the correlations,
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dynamic queries are a unique tool to discover patterns, form and test hypotheses, identify
exceptions, segment data, or prepare figures for reports (studying clinical trial data, picking stocks,
finding a home).

1.3 Disadvantages

Dynamic queries place high demands on computer systems. We are exploring how to
accommodate large datasets and permit rapid access. Rapid and high resolution displays are
especially useful for dyanmic queries, but these are not so widely available. Secondly, some
application specific work is needed to make the best advantage of dynamic query methods. While
we have developed some standardized tools, they still require conversion of data and possibly
some programming. Standardized input and output would make dynamic queries easier to
integrate into existing database and information systems. Third, our current dynamic queries
implement only simple queries that are conjuncts of disjunctions, plus range queries on numeric
values. More elaborate queries (group by, set matching, universal quantification, transitive
closure, string matching) are contemplated but these are still research and development problems.
Fourth, visually handicapped and blind users will have a more difficult time with our widgets and
outputs, but we feel that we could accommodate these users as well, and we are exploring audio
feedback.

1.4 Goals

“Visualization is a method of computing. It transforms the symbolic into the
geometric, enabling researchers to observe their simulations and computations.
Vwnlization offers a method for seeing the unseen. It enriches the process of scientific
discovery anw fosters profound and unexpected insights. In many fields it is already
reve ationiwig the way scientists do science.”

{McCeq nuick, B., DeFanti, 1. and Brown, R. et al., 1987. Visualization in
scieatific conputing, Computer Graphic:, November 1987 ACM SIGGRAPH)

A -ast quantity of inforniation is multi-dimensional and people have great difficulty dealing with
surh large b -7 s of inforenation. Alleviativg this prot‘em in any significant way can potentially
resface the {.7-wron a1 enhance the abiliwes of m«~y peoplz. Effective visualizations of large
bodies of m: .:. -limensicr:al information can help usars gain insight into relevant features of their
data, construit accurate raental models of the information, and search for regions of particular
interest.

Alitough ¢ - :eitial resits are encouraging, there are many unanswered design questions that need

-90of 18-



exploration, for example how to:

- design widgets to specify ranges of values, such as greater than 212.0 or between
18 and 25,

- enable users to express boolean combinations of slider settings,

- choose among highlighting by color, points or light, regions, blinking , etc.,

- allow varying degrees of intensity in the visual feedback,

- cope with thousands of points or areas by zooming,

- permit weighting of criteria,

- select a set of sliders from a large set of attributes,

- provide ‘grand tours’ to automatically view all dimensions,

- include sound as redundant or unique coding of one dimension, and

- support multi-dimensional input.

Other issues emerge when no natural two dimensional representation of the data can be identified.
Of course a textual representation can always be used (e.g. the list of items highlighted with color,
inverse video, font type, and size) and we explored such representations for the dynamic query of
directory listings (Figure 3).

The treemap idea is a possible alternative mechanism for visualizing large amounts of hierarchical
information on which dynamic queries could be applied (Johason and Shneiderman, 1991). For
example we built a business application allowing the visualization of sales data for a complete
product hierarchy, color-coded by profitability and size-coded by revenue. Twelve professional
users in our usability study could rapidly determine the state of financial affairs -- large red regions
indicate trouble and blue areas signal success. A slider allowed users to quickly observe the
changes 1o the treemap over time and f:nd trends or spot protiems.

%. RESEARCH DIRECTIONS
2.1 Graphic visvalization and d:sign

As hur. ans we have the ability to recognize the spatial configuration of =lements in a picture and
notice thz velationships among elements guickly. his highly leveloped visual system allows
people to grasp the content of a picture mach faster than they ~an scan and understand text. By
shifting some of the cognitive load of information retrieval to the perceptual system designers can
«-apitalize on a well developed human visal processing capability. Appropriate static coding of
properties. by size, position, shape, and culor, can greatly reduce the need for explicit selection,
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sorting, and scanning operations.

Graphical display properties such as color (hue, saturation, brightness), texture, shape, border,
blinking, etc. are of primary interest. Color is the most important of these visual display
properties, and it can be an important aid to fast and accurate decision making. Only visual
properties may be statically presented, although there is no need to limit the coding of domain
values to strictly visual properties. Auditory properties may be useful in certain circumstances
(e.g. lower frequency sounds would be associated with large values and higher frequency sounds
with small values), especially as redundant reinforcement feedback.

Although human perceptual skills are impressive, the volume of data required for many tasks is so
great that it cannot be displayed on a single screen at once. Interactive control of the drawing is
therefore critical because the mapping of content information to the display will vary depending on
the information the user requires (see box for details).

Perceptual principles

More effective guidelines for graphic displays are emerging as researchers focus on
specific tasks (Tufte, 1983; Foley et al., 1990; Ding and Mateti, 1990; MacDonald,
1990; Marcus, 1992):

* Color coding is most effective when the display does not have a fixed format, the
density of information is high, relevant information must be discriminated, and symbol
legibility is degraded

* Short term memory is better for color than it is for shape or number of objects
and long term memory decays more slowly for a color code than for shape or number
(Cavanaugh, 1972).

* Color unifies or clusters elements in a visual field (Moar, 1977; Christ &
Corso, 1983).

* Color information is processed earlier than shape or alphabetic information
(Lappin, 1567, Newman & Davis, 1962; Stollings, 1984).

* Audio-lization methods may apply sound to help users to understand the
J:stribution of items (Blattner, Greenberg, and Karnegai, 1992).

On the other hand, it “s often pointed out that color can be misused, confusing, and
ilistracting. Consequently, we will take caution in the use of color and avoid the
following problems reported in the literature: Irrelevant color coding can interfere with
the process vy of other informanon that is not color coded. Overuse of color can
izicrease the sense of visual clutter (Teichner, 1979). Too many colors may be
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confusing. Researchers often suggested that the number of color codes be limited to 7-
12 (Narborough-Hall, 1985; Spiker, Rogers & Cicinelli, 1985). However, the
number of codes can be increased by varying brightness and saturation as well as hue.

Blattner, M., Greenberg, R. M., and Kamegai, M., 1992. Listening to turbulence: An
example of scientific audiolization, In Blattner, M. and Dannenberg, R. B. (Editors),
Interactive Multimedia Computing, ACM Press, New York, NY.

Cavanaugh, J. P,, 1972. Relation between immediate memory span and the memory
search rate. Psychological Review 79. 525-530.

Christ, K. A. and Corso, G., 1982. The effects of extended practice on the evaluation
of visual display codes. Human Factors 25, 71-84.

Foley, J. D., Van Dam, A., Feiner, S. K. and Hughes, J. F, 1990. Compuzter
Graphics: Principles and Practice: Second Edition, Addison-Wesley Publ. Co.,
Reading, MA.

Lappin, J. S., 1967. Attention in the identification of stimuli in complex visual
displays. Journal of Experimental Psychology 75, 321-328.

MacDonald, L. W., 1990. Using color effectively in displays for computer-human
interface. Displays, July 1990.

Marcus, A., 1991. Graphic Design for Electronic Documents and User Interfaces,
ACM Press, New York, NY.

Moar, 1., 1977. Spatial organization in the free recall of pictorial stimuli. Quarterly
Journal of Experimental Psychology 29, (4) 699-708.

Narborough-Hall, C. S., 1985. Recommendations for applying color coding to air
traffic control displays. Displays: Technology and Applications, July 1985, 131-
137.

Newman, K. M. and Davis, A. R., 1962. Non-redundant color, brightness, and
flashing rate encoding of geometric symbols on a visual display, Jnl of Engineering
Psychology 1, 47-61.

Stollings, M. N., 1984. Information processing load of graphic versus alphanumeric
weapon format displays for advanced fighter cockpits. U.S. Air Force Flight
Dynamics Laboratory, Wright-Patterson Air Force Base, OH, Technical Report
AFWAL-TR-84-3037.

Teichner, W. H., 1979. Color and visual information coding. Procee:ings of the
Society for Information Display 20, 3-9.

Tufte, E., 1983. Visual Display of Quantitative Information, Graphics Press,
Cheshive, CT.

2.2 iiatabase and display algorithms

Exisrir »lgorithms to store 214 retrieve multi-dimensional information need refir=ment to support
effici..  torage utiirration arid rapid upcate of the display (see box).

Specialized data structures to support dynamic queries
For <:1all datasuses that fit in main memory, we are experimenting « ith array
indexing, inverted i” s, and k-d trees (Bentley and Friedman, 1979; £ net, 1989).
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For larger, disk-based databases, we are examining R-trees (Guttman, 1984,
Beckmann, 1990), grid files (Nievergelt, 1984) multiple B-trees and reduced combined
indices (Lum, 1970; Shneiderman 1977). When inserts and deletes to the stored

information are treated separately, the design of efficient data structures is simplified.

Beckmann, N., Kriegel, H.-P., Schneider, R., and Seeger, B., 1990. The R*-tree:
An efficient and robust access method for points and rectangles, Proc. ACM
SIGMOD, 322-331.

Bentley, J. L. and Friedman, J. H., 1979. Data structures for range searching,

ACM Computing Surveys, 11, 4, 397-409.

Guttman, A., 1984. R-Trees: A dynamic index structure for spatial searching, Proc.
ACM SIGMOD, 47-57.

Lomet, D. B. and Salzberg, B., 1990. The hB-tree: A multiattribute indexing
method with good guaranteed performance, ACM Transactions on Database
Systems 15, 4, 625-658.

Lum, V. Y, 1970. Multi-attribute retrieval with combined indexes, CACM 13, 11,
660-665.

Nievergelt, J., Hinterberger, H., and Sevcik, K.C., 1984. The Grid File: An
adaptable, symmetric multikey file structure, ACM Trans. on Database Systems 9, 1,
38-71.

Samet, H., 1989. Design and Analysis of Spatial Data Structures, Addison-Wesley
Publishing Co., Reading, MA.

Shneiderman, B., 1977. Reduced combined indexes for efficient multiple attribute
retrieval, Information Systems 2, 4 (1977), 149-154.

Since dynamic query users will work by adjusting the setting on a slider, usage is predictable.
Given that we have the results of the previous query, and that the new query has slightly enlarged
or contracted one of the ranges of the attributes in the old query, we would like to find the fastest
method to update the results. The innovations here stem from the fact that structures must be kept
largely in high-speed storage to ensure that the rapid performance demands of dynamic queries are
ret. We believe that effective strategies will stem from the organization of data along each
dimensicn in buckets adjusted to the granularity of the slider mechanism. For example, if the
siider has 100 positions for a ficld whose range is 1 to 50,000, then the data should be organized
into 100 buckets each covering 500 points on the field. Then as the slider is moved to increase the
selected set, the buckets can be appended to the selected set. As the slider is moved to decrease the
selected set, the buckets can be removed. With three dimensions of 100 buckets each, the database
is convea;ently broken into 1,000,000 buckets which can be stored and retrieved efficiently.

Data comywession methods are important to allow larger databases to fit in 32 megabyte or smaller
address spaces. Alternatively, parallel hardware and algorithms that search multiple storage spaces
may be needed.

Screen management algorithms also play an important role. When a slider is moved or a button

-13 0f 18-



depressed, instead of repainting the entire display it is often more effective to merely repaint the
areas or points that have changed. Our early efforts suggest that in some cases manipulation of the
palette by color indexing may be effective in providing rapid changes for irregularly shaped
regions, even on popular personal computers (Plaisant, 1992). New classes of algorithms for
screen management are anticipated as an alternative to more expensive hardware.

2.3 User-Interface Requirements

Our user interface directions are to identify appropriate presentation and interaction methods, and
test their effectiveness via usability studies. A central issue is the design of appropriate widgets.
Even in our early explorations we were surprised that none of the existing user interface
management systems contained a double-boxed slider that would permit specification of a range
(e.g. cost of a home is required to be more than $70,000 and less than $130,000). In creating
such a slider we discovered how many design decisions and possibilities there were. In addition to
dragging the boxes, we had to contend with jumps, limits, display of current values, what to do
when the boxes were pushed against each other, choice of colors, possible use of sound, etc.

On the input side we realize that existing widgets are poorly matched with the needs of expert users
who are comfortable with multi-dimensional browsing. Two-dimensional input widgets to select
two values at once are not part of any standard widget set that we have reviewed, necessitating
‘heir creation (Figure 6). The benefits of a single widget are that only one selection is required to
=t two values and that correct selections can be guaranteed (the black areas indicate impossible
selections, for example, the cheapest 7 bedroom house is $310,000).

Figure 6: "i'wo prototype two-dimensional widgets. The left one specifies a point indicating the
«uraber of besdrooms (3) and cost of a home ($300,0(0) with a single selection. The right one
necifies a range of bedrooms (3 to 4) and cost ($180,000 to $320,000).

{iree and igi.er dimensional input widgets may facilitate exploration of complex relationships.
Current approaches for high dimensional input and feedback are clumsy, but research with novel
' wices such as data gloves (Feiner and Feshers, 1990), Polhemus devices, the SpaceBall, or
various 3-7% wice may uncover effective riethods. With a 3-D mouse users lift the mouse off the
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desk and move it like a child playing with a toy airplane. The mouse system continuously outputs
the six parameters (six degrees of freedom - 6DOF) that define its linear and angular position with
respect to a fixed coordinate system in space.

Designers can always decompose the rotation motion of the mouse into the combination of (1) a
rotation around the handle of the mouse, (2) a change in the direction where this handle is pointing.
When the mouse is held as a pointer, the rotation around the handle is created by a twist of the arm,
and it may be therefore natural to users to make the same twisting motion to increase the level of a
database parameter as they would to increase the volume of a car radio. Changing the pointing
direction of the mouse handle is done by the same wrist flexion that a lecturer would use to change
the orientation of a laser pointer to point at another part of the conference screen. It may then also
feel natural to users to imagine the planar space of two database parameters as vertical in front of
them and point at specific parts by flexing their wrist up, down and sideways.

For example, sophisticated users could perform a dynamic query of the periodic table of elements
using the 3D mouse. They would find elements of larger atomic mass by translating the mouse
upward; for larger atomic numbers they would move to the right; for larger ionization energies they
would move toward the display; for larger atomic radius they would bend their wrist up; for larger
ionic radius they wonld bend their wrist to the right; for larger electronegativity they would twist
their arm clockwise. Sliders should probably still be present on the screen, but would move by
themselves and give feedback on parameter values.

On the display side many questions have been opened up by our initial efforts. Sometimes points
on a map are a natural choice, but non-overlapping areas and overlapping areas seem useful in
some applications. Points and areas can be on or off (in which case monochrome displays may be
adequate), but we believe that color coding may allow more information to be displayed. Texture
and shape coding, pius sound ate also appealing directions.

To cope with the larger problem of specifying complex boolean combinations of attribute values
Degi Young in our lab implemented the filter/flow model. Figure 7 shows how it might be applied
to help students choosing colleges. Users can select from the set of attributes and get an
appropriate filter wizi et (type : for interest areas, sliders for cost, and buttons for scholarships)
which is placed on :: - screen with flow lines showing ANDs (sequential flow) and ORs (parallel
flows). The X in exch filter widget could be selected to negate the filter values. Clustering of one-
in-one-out segmenis ic form a new and save-able filter is possible. This approach was shown to
be statistically significantly more effective than SQL for composing and comprehending queries.
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iigure 7: A mckup of a filter/flov: “olean query ( (Interests = En glish or Literature or
Journalism) AND ((Tuitior greater than or equai to $2200 or less than or equal to $4500) OR
{{T'uition greater than or equal to §100) AND (Scholarships are available by Works-Study or

Zwisistantship))) ) combined with map output to show the result (Dartmouth, Grinnell, and the
{-:iv. of Maryland).
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3. SUMMARY

Dynamic queries over multi-dimensional information structures will not supersede all previous
methods for the handling of information. Usability studies and controlled experiments with a
range of tasks and users can confirm or deny a researcher’s intuition about when dynamic queries
are most effective.

We believe that dynamic queries offer a lively new direction for the application of computers.
Many problems that are difficult to deal with using a keyword-oriented command language become
tractable when dynamic queries are used. Contemporary computers have become fast enough that
this direct manipulation approach can be applied for modest-sized problems. The challenge now is
to broaden the spectrum of applications by improved user interface design and by fast database
search plus compression methods.

Dynamic queries can be a general approach that could be attached to every database system,
spreadsheet, and many stand-alone applications. The benefits accrue both to novice users and to
experienced users. Research directions include: (1) graphic visualization design, (2) database and
display algorithms, and (3) user interface requirements.
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Table of Figures

Figure 1: The DC Homefinder dynamic query system enables users to adjust the sliders for
location, cost, number of bedrooms, home type (house, townhouse, or condominium), and
features (Fireplace, Central Air Conditioning, garage, or new construction). The results are shown
as points of light which can be selected to generate a detailed description at the bottom of the
screen.

Figure 2: This dynamic query shows cervical cancer rates from 1950 to 1970 in each state.
Adjustments can be made to the year and state demographic variables such as the percentage of
college education, per capita income, and percent smokers.

Figure 3: The chemical table of elements makes a natura! visual display for information on chemical
properties. Chemical matching the query are shown in red. Gaps and jumps are easily found.

Figure 4: Even when there is no natural graphic framework for a dynamic query display, the
method can be used with tabular alphanumeric output. As users adjust the sliders and buttons for
the query, the result bar along the bottom indicates how many items match. When the users stop
moving the sliders and let go of the mouse button, the tabular display is re-written.

Figure 5: The standard ‘Is -1’ tabular display can be the framework for UNIX directory
exploration. The sliders, built with Sun DevGuide, allow selections to be made on the age (in
days) and size (in kilobytes) of files. Color highlighting and expand/contract methods of display
were compared in an exploratory study.

Figure 6: Two prototype two-dimensional widgets. The left one specifies a point indicating the
r:umber of bedrooms (3) and cost of a home ($220,000) with a single selection. The riglit one
specifies n range of bedrooms (3 to 4) and cost ($130,0600 to $260,000).

Figure 7: A mockup of a filter/flow boolean ¢:ery ( (Interests = English or Literature or
Journalis:zs) AND ((Tuition greater than or equal to $2200) or less than or equal to $4500; OR
((Tuition greater than ot equal to $5100) AND (Scholarstups are available by Works-Study or
Assistant=ti)) ) combined with map output to show ti:¢ result (Dartmouth, Grinnell, ar:d the
Univ. of Maryland).
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