A Taxonomy of Multiple Window Coordinations

Chris North and Ben Shnederman*
Human-Computer Interactidraborataoy, Institutefor Advanced Computer Studies,
*Institute for Systems Research & DepartmehComputerScience,
University of MarylandCollege ParkMD 20742USA
north@cs.umd.edlben@cs.umd.edu
http://www.cs.umd.edufpjects/hcil/

ABSTRACT

In currert windowing envronments, individual windows
are treged indendenty, making it diffi cut for usersto
coordnate information across muliple windows. While
coordnatedmulti-window strateges are increasindy used
in visudizaion and web user interfaces, designs are
inflexide and haptazard The spae of such linked-
window drateges is not wel understood and largdy
unexpored. This paper presems a taxahomy of
coordnations idenifies impotant comporents and
reviews example interfaces. This 2x3 taxoromy provides
guiddines for desigiers of apgicaions user interface
toolkits, and window marages. We hope to ercourage
constretion of gereralized, erd-user progranmable,
robustmuttiple-window coadination capailities
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INTRODUCTION

Users are dealing with increashg quartity, variety, and
interrdated-nessof information. Use tasksare bemming
more comgdex, simulttareously drawing on many
informaion souces At the same timethey are attenpting
more ambitious projeds that demandrapid accessto large
amownts of visud informaion in many windows
Unforturately, howeer, window manayers and graphical
userinterfaceshave nat kept up with the users'needsand
possibilties for visuwalizing informaion. In current
windowing envronnmerns, windows are treatd as
indepencentandisolated, leaving uses with the tedous job
of individually maripulating one window a a time even
when spaat windows are relaed by cortert or task
Hene, while interfaces hawe adwaned from modal to
manywindow displays, these displys are sill window
moda in terms of interadion. Beauseof this lack of
innovation, advantages of large scieensard fast disdays
are los or misused leadng to confusion poor user
perfomance, frustration, andmissedoppotunities.

In designng userinterfaces for informaion exgdoration, a
straegy that has proven increasimgly effective is multiple
windowcoordination [Shn98] In this strategytwo or more
sepaate windowscortaining relaed informaion are usel
cooreraively for the accanplishmert of asingle task The
windows espondn aunifiedmanrer touseractivity in the
task domain.  This strategy breaks the tradtiond

indepencent windows paradigm by tightly couging
interface componens swch tha user interadion in one
window has died visud affectsin other coupled windows,
extending thedirect manipulaion appoach aaossthe once
impendrable window borcers. Regach indicates that
potertial gans from coordnation strategiesare significant
dramaticaly improving user performarce (browsing
softwae [SSS86] large 2D spaces [BW90], hierarchical
tadesof corterts [CWM94], manaing windows [KS97].

In addition to spedalized visualization needs, common
tasksin multiple-wincow environnerts often pradicaly
beg for coodinaton. For examge, consder the task of
authaing a large web doaument (see Figure 1). Scrolling
the web pagewindow might prodwce a syrchrorized scrdl
of the coresponthg HTML saurce view to showthe sane
portion of the docunen, provding simutaneas views of
WYSIWYG layou and deailed layout deription. For
quick acesssdecting a claper title in a sepaate table-of-
conentsview codd scroll both of the prevous views to
tha chaper's text. Conwersey, scrdling the document
views coud highlight the corresponéhg sedion title in the
tabe-of-contentsview to help mantain context Usingthe
documert asanindex, sdecting hypertext links coud open
the deginaton pagesin a fourth window (e.g. to examine
refelercesin atechical papej.

This paper propogs a gererdized multiple-window-
coordnation camblity, in which users can esabish
coordnation links beween windows to creae custan
visual informaion-seeling environments The link has3
conepud componants: the 2 endponts are the windows
(or contained information) beng coordinated together, and
the connection represerts a tight couyling between them.
With ®veal differenttypesof coadinations, uses canlink
groups of windows to opeate accordng to the cusbm
needsof the currenttaskasin the web autoring exanple
abowe. Uses have the flexiblity, for exampe, to adl
anotter document focus view which is also linked to the
tade of corterts anddeginaton pag windowsandto sare
this composte coordinated window group for future reue
with other doawmentsor Smilartasks

To build swch a systen, a thorowgh undersandng of the
acions and objects involved and a langwage to descibe
suchcoordnations are nee@d. The following taxoromy
idertifies the mgor classes of mutiple window
coordnations ard the tight cougings, comporents and



interaction that suppot them. It aso reviewsexanples of
eah with resarch systens from the literature as well as
commaercial sysems We focus on coordindionsfor visual
informaion seeking tasksand attenpt to show apgicdaion
to ea&h of the sevenbasc daatypes(1D, 2D, 3D, Mutli-D,
tempoml, hierarchic, nework) [Shn%]. We also
demastrde these with maockups for browsirg text
documerts (asin the aboveweb exanple), and2D and 3D
dat (asin the Visible Human Exporer [NSP96]) See
[NWSS86], [SSS86] [CPF84] for taxonamies of geneal
multiple window strategies, and [CR96] [Twe97] for
taxoromies of interacion in information visualzaton.

TAXONOMY OF MULTIPLE WINDOW COORDINATIONS
The taxonany (Talde 1) organzescoodinaton straeges
into a 2x3 matrix. First, we ddfine awindow to consistof
two mgor comporents a view ard a collecton of
informaion items each of which has an asso@ted basc
useradion:

* Sekding items Windows contain colledions of
informaion items of any of the seven basic dataypes
(e.g charecters, words paragrgphs of 1D text, or
pixels, regons of a 2D image or nodes of a directory
tree). In dired maripulation, the bastc user adion on
itemsis sdecton.

* Navigating views A window’s view provides a
visualzaton of the colection of items Sincetheview
might showonly a small portion of large collecions
usersnavigate the view to see other parts. Different
navigation actions apgy to different daa types (e.g.
scroll, pan zoam, slice, rotate asendfesend tree
follow link, openfile, etc.).

Coordirating a pair of windowstightly cougesore d these
acions in the first window to andhe in the second
window. The primary dimension of the taxonany
classfies oordnaionsby the threepossilbe canbinations

1. Selecting items « sdecting items
2. Navigating views « navigating views
3. Selecting items ~ navigatng views

The seconddimensionclassifes by wheherthe cdledions
of information items contined in the coadinated window
pair are the aine a different:

A. Samecollection of informaton itemsin each window:
Coordiratng multiple reptesemations (windows) of a
singlecollection (eg. abar clart ard tabuar list of the
samesd of data poirts) alows usersto simutaneasly
browseseveal differentaspets oftheinformaiton. In
this ca®, there is animplicit identity relation between
the coresporling items etweeneah view.

B. Differert collecions of informaion items in each
window: The cdledions are not idenical bu are
interrdated (e.g a doawment and a dictionay).
Reltonshipsmust be exgdicitly defined either in the
informaion itsef, by a se@rae daabag or maching
algoiithm, or by theuser

DifferentCdledionsof
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Table 1. A 2x3 taxonomy of multiple window
coordinations.

1. Selecting Items to Items

This coodinaton tighty couges sekding itemsin one
window tosekding items inandher window, to hep users
corrdate equivalentor rdated items.

A. Same information collections

When users s&ect (highlight, pant, “brush”) anitem (or set
of items) in oneview, the sysem immediatly highlights
the equivalent item (or set) represeting the sane
undelying data elenments in the other views Marny data
andysis sysems (e.g Spotire [IVE97], XGoh [BCS96])
use this coodinaton to visualize high-dmensiond data
point sds with mutiple coordnated 2D sater plots
(IMSB90] credits invertion to C. Newton in 1978) Thee
systemgprovide manyoptionsfor sdection method(single,
cumuative, box, lasso,etc.) [Wil96] and highlight style
(colar, size, glyph, etc.). Visage [RLS96] genenlizesthis
coordnation, dlowing usersto drag-ard-drop and then
brush tabdar data elements among many types of
visualzatons,including chats andgeogaphicd mgps. The
Navigaiond View Builder [MFH95] brushesnockes in
hierardhical information, linking treemaps (enmphaszing
numeical and caegoricd atributes), CoreTrees
(emphasking studure), ard outliners (emghasring node
nanes). With Lilac[Bro91], a two-view document edtor,
selecting text in the WYSIWYG page view aso sdectsthe
correspnding text in the source text view, asin our web
exanple (seeFigurel).
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Figure 1. Cooardinated windows for browsing web documents: (A) the main page window, (B) a corresponding
hierarchical table-of-contents window with item sdection tightly coupled to main page view, (C) a coar esponding
zoom-outpage overview with a field-of-view box tightly coupled to the main page view, (D) a synchronized-scolling
HTM L source view, and (E) an additional pageview tha opens Inks sekded in the main view.
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Figure2. Compositon of several coordinations for browsing the Visible Human 3D imagedata. Windows show: (A)
vertical cross-sedbn, (B) horizontal cross-seabn, (C) CT scan,and (D) horizontal detail cross-setion of the spine
Coordinationsinclude: Intersecton linesin (A) and (B) navigate the views (B) and (C) navigate synchronously, and
field-of-viewin (B) manipulates (D.



This straegy also employs more advarced forms of
seletion. Filtering, insteadof highlighting sekeded items,
removesunséected itemsfrom display (elision). Dynamic
Queres [AS94] dlows usersto quickly sekd sub®ts of
dat basedon attributes using widgets such as range-
sliders and filter to the sub®ts in other coordinated
visualzatons. With the LinkWinds systen [JBO94] users
can link cortrol windows to visualizetion windows for
dynamic filtering of scienific sensordaa The Attribute
Explorer [Twe97] uses additive enamding of multiple
attibute sekctions to highlight each item in a different
color depending on the numberof the sekdionsit satisfies

B. Different information collections

Brushing can be genenlized to visualize not just
equivalercies between sane informaton cdledions but
also arhitrary relations beween different cdledions For
exanple, interrdated data recads could be brushel by
consuting a relaiond dataseduring thebrushingprocess
(Figure4). In Microsof Word, seleding an anndation in
the amotations window also highlights its corresponthg
pointer in the documenttext window to hdp userslocate it
in the text In extending the Visible Human Explorer
[NSP96], userscoud brush a view of the cross-setion
image daa to view a list of corresponthg textual
annoations in the MeSH (Medicd Subject Headngs)
contolledvocabdary hierarchy (Figure 3).

2. Navigating Views to Views

This coodination tighty couges view navigation in one
window to simultareous view navigaton in arother
window. This mantains synchionizaion of views while
navigating (e.g. panring, zoaming, slicing, travesing etc.)
multiple views(gererdly of essetially equvalent levels of
detil) throudh correlated large informaton saces.A scroll
baris atypicd window navigaion mechanisn (paming).

A. Same information collections

Synchroized scrdling tightly cougdes the saoll barsof 2
windows. For example, in the caseof sane informaton
collections,whenediing a documert (1D) usng a markup
langage (eg. HTML), it is helpful to simultaneou$y view
andedt boththe markup text represematon (for fine-gain
contol, mecros,etc) aswell asthe WYSIWYG (e.g. web
page)layaut represemation (to see the resuting output).
Automaticaly scrolling bath windows when the user
scrollsether, to syrchranously navigate the space, awids
losing the relatonshp between represenatons as well as
tedous repetition of navigaton actionsin eachwindow by
theuser(see Fgure 1 A,D). WordRerfectusesthis strategy
to dsplayformating coces ina s@amate window.

B. Different information collections

In the caseof different information cdlections Microsot
Word provides syndirorized scrolling with doaiment
endnae, andamotaton windows Scrdling the docunent
causeshe enchote and amofation lists to scoll to show
thosethat are reerenced within the curentdocumentview.
Although if the number of itemscurrertly in view in the
annoaton window does not equal the number refererced

within the currert view of the doawmentwindow, it is nat
clear whether it favars thoseon the top or botom of the
views. With LogosBible Software userscan link ses of
windows to smultaneusly scrdl through sewerd Bible
transhtions commentaries, and stuly guides, which all
sharea common ordered hierarchical structure of book
chaper, andverse

DEVise [LRB97] genenrlizes the Navigating Views to
Views strategy to 2D, allowing usersto link the x andy
axis beaween muttiple graphsto show the same domans
andranges. This coordnation is easily extendable to 3D,
pannng correlaed cross-setion, CT, and MRI images
throughthe humanbody (Figure2 B,C) (seealso[CSP97])

3. Selecting Items to Navigating Views

This coodinaton tighly couges item selection in one
window to view navigdion in anotler window, and vice
versa Userscan seled itemsin cortext to locae and view
correspnding cetaled informdion in sgpamte windows.

A. Same information collections

Hierarchical Browsing uses sane informaion collections.
Overviews provide a global map of the whole collection,
and déail viewsprovide detaled informaton abouta small
portion of thecdledion. Coordnating the viewsindicaes
the locaion of and provides a mechanisn for navgating
the deail view from within the context of the overview.
This is adwniBgeus over deail-only browshg since
oveniews indicate what information is availade, provide
conext for defails, guide browsing promote exgdoration,
and hdp avadd geting lost This strategy contiastswith
distotion oriented techniques, which attempg to show
detnils within the cortext of the ovenvew in a single
window by distorting the view. An importantmetic is the
zoom fador beween the overview sekdion and ddail
view. Larger zoan factors provide for more informaion.
While zoom factors for distottion techniquesare typicdly
limitedto 5 or less,coordnatedwindowscanreach zoam
fadors d 20[PCH9]. Also,se\erd of the® coordhations
canbe chaned togehea usng intemedate views [PCS%]
to reach zoam factorsof 400and soon

This coodinaton can be further segnented by the
coninuity of theinformaion s@ce. Forconinuousspaes
dragdng or resring a field-d-view indicator (sdection) in
theoverview istightly coupledto pan or zoan (havigaion)
the deal view (Figure 2 B,D), and vice versa (bi-
directiond cougding). Scrdl bars albeit poor overviews of
thar associted main window, are a simple 1D example.
TheInformation Murd [JS95]and SeeSof [BE96] provide
highly redwced images of large documents or software
code usingoolor codingand ati-aliasirg algaithms anda
proportonal field-of-view insteadof the standard“thumb’
contol, for navigaing documert windows (sSmilar to
Figure2A). The*“cursof link in DEVise [LRB97] links a
2D field-of-view inanoverview plot to the panring cortrol
of the axesin addail plot. Haisantetd. [PCS95]devdops
a formal notaton for speifying this coordnation for
browsinglargeimagesin a2D cortinuous spce. Fora 3D
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Figure 3. Coordination between Visible Human imagesand a textual hierarchica anatomy dictionary (MeSH) for
brushing interrelationships. A field-of-view box in the image window highlights the structure corresponding to the
seleted term in the text window.
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volumeric imagespae with the Visible HumanExplorer
[NSP96] userscan rapdly navigae each orthogoral 2D
cross-setion view throughthe humanbodyby draggng the
correspnding cut lines in the other views, and recive
coninuousfeedlack of contents(asin Figue 2 A,B).

Discree smces, sudh as hierarchical menus use
highlighted sdection. Usersselect individual items, which
aresubsegartly indicated by highlighting in an oveview
window (e.g. table of corterts of a book, indexweb page
for depatmert faalty, compuer directoty listing) to
navigate to corespouing details in an adjpcent window
(e.g page of the book, prafessor’'sweb page, conentsof a
file, resgdively) as in Figure 1 AB. In a red time
environment userscan quckly flip throughmany pagesby
simply draggng the mou® over a seres of itemsin the
oveniew. With web site visualzaton tods, suchas the
Navigaiond View Builder [MFH95], userscan sekd any
nodeon a largesite to disday tha web page in a se@arde
browserwindow. This srategy is espdally popular in
panebase sysems(SpdFire [IV E97] WindowsExporer,
Nets@apeframes,etc.). A variant of this appr@ch shows
detils of sekdions in a new popupwindow insteadof a
givensiatic window, asin the FilmFinder [AS94] (sekding
a da on a scdter plot displays tha rewrd’s fields,
including pictures). In the Apple Dylan progamming
envionment [DP95], userscan link multiple ingarces of
its code browser to navigat seveml levds of object-
orierted constrcts

B. Different information collections

In the caseof different information cdlections directly
seleting anitem in onecontext showsaddtiond detals or
related information from other sourcesin andher window.
This casefocussmoreon bringing together many sour@s
of information rather than sdecting from overviews asin
web saarches a bookindex, or technicd repot references.
For exanple, while a technicd pape is nat necessaty an
oveniew of its referenes, diredly sdecting a referene
within tha cortext might show the linked document in
anotter window (Figure 1 AE). Similarly, Microsoft
Word canlook up sdected wads in a dttionay, thesauus,
or oherrefelene matrial. More adaned cagabklities ae
neeg¢d For exampe, sekding a phraseon a web page
couldautandicdly initiate a web search, perhapsoffering
a choie of speific resouresto seach, swch as yellow
pagesmgps,or medicd databags.

ADVANCED COORDINATION

Some systens allow usersto interadively link a set of
windows within the sysem so userscan choosewhich
windows participate in spedfic coordnations. LinkWinds
[JBO94] and Dylan [DP%] us a draganddrop action
from sour@ window to destiration window to estbish the
link. DEVise [LRB97], XGobi [BCS96] and Logos use
seletion from lists.  Those that implement multiple
coordnation options then use a dialog box to choose
amorg the link types. LinkWinds draws lines between
linked wndowsto visualize the links.

Composgte coordnaions can be built by chaning several
coordnations together.  Then by the transtivity of tight
coupings user adions in one window propagte throud
the chained coordinatons resuting in visual feedkack in
many windows. With this technique desigrers can build
very poweful comprehensive browsing ernvironments,
which may rewed interestirg relaionshps in information.
For exanple, in the Visible Human dragying a cut line in
one cross-setion view woud pan the comrespouling
orthogad view, which, in turn, might pana cordated CT
scanview, which may scroll a high-resdution detail view,
and updae its field-of-view back in the original cross-
section view (eeFigure 2).

The coordinaions de<ribed in this taxanonmy could be
extendal for advaned daa mining ca@hblitiesby hooking
arbiraily compex algaithms onto specfic tight
coupings Forexamge, in sekding itemsto items,whena
user sdects an item in one window, the resuting items
seleted ina coordimtedwindow couldbe determined by a
custan program Examples include tools for visualizing
file differercesby highighing the diff ering parts of two
similar docunents, and spél-checler dialog windows
which iterate over the text of andhe window highlighting
misspd ed wadsandofferingsanechdces.

While we havefocusedon mutiple-window coordnations
for visual informaion seeking tasks there are othe
caegores such as manpulaton and ediing tasks
(consisercy, coordnated layous), dymanmic da@
(autamatic triggers alams), and collabaatve multi-user
envionments

IMPLICATIONS
The purposeof this taxonany is to provide guidance for
three mgor canmunties:

1. Application Designers:

Firstis the provsion of general gudeines fa user inerface
desigrers to: (a) idertify opporunities to utilize
coordnations in applcaton desgns to improve use
perfomance and prodictivity, and (b) build them into
systems (or rekuild fauky desgns) in a robus and
consisént fashion For example, Netsape frames were
initially well-received beause users strondy desred
hierarchical-browsingcoordnation cambiitiesin web ste
navigaion. However, typical poor designslack interadive
robustress, leaving out impottart coordnation elements
and lead to confusicn. Common failures are: not
highlighting current sekdion in overview frame (missng
visual element) ovewiew highlight not respading to
navigaion in detail view (bi-diredionality failure) and
unclearrelation between framesand history keeping (lacks
history of coordinaton).  Similarly, Microsot Word’'s
coordnation strategies for anndations ard endnaes are
inconsstent (for exanple, ony anndations suppots
brushing) Application desigrers have done wdl to crede
stan@rds for dialog boxesto ensue consisért look and
fed, ard shold dothe sxme for coordnations.



2. User Interface Toolkit Designers:

Typicdly, the reasonapplcaton desgnersfail to buld
robustand consisent coordinations if any, into sysems’
user interfaces is because of the ladk of supprt in
devdopmert todkits. Toolkit desigrers have excelled at
providng dewloperswith realy-mace widgds, auomaic
layou cagpalilities, and draganddrop condruction as in
Visual Basic However, todkits are stil basedon the
indepencentwindows pamdgm, lacking both the visual
elements and the underlying suppot for tight couling
requredfor coordinaion. Progamming eah coordination
is diffi cult, codeintensve, prore to mistakes aspreviously
descibed andis a signficant software ergineeing task.
The visual édements, sud as highlighting tednigues,
multiple sekdions, coadinaton affordances, and link
visualzatons should becane standardized in (and easily
invoke-alle from) common todkits. Data strudures to
repregntthelinksandadgorithms b supprt propagation of
interaction aaosschaned manywindow coordindions can
becaneelaboréde and are alsoin ne=d of standadizaton.

3. Window Manager / Operating System Designers:
Thetaxonany suggststheviahlity of atod for a gererd
multiple-window-coordnation capabiity, in which end
users can esadish coadinaions, on the fly, by
interactively linking windows and spedfying coadinaton
typesanddetals. Swch interacion acrosswindow borders
may be the next big stepin es@gng the limitatons of the
current independent windows agproach. The featues of
suchatod are

* Integaton into window marages, mockled after
exising cut-and-pasteand drag-anddrop coadinaton
faalities, with simple window applcatons hooks, to
provide universalsuppot amag all windows.

» Coordiration within aswdl asbeween many different
datatypes

* Userintafaceof coordinatons: Rolustandconsisent
look andfed of coordnation acrossionmains.

» Userinteface for coordinaing (linking) windows via
direct manppulaton: a languwage or natation, basel on
the continuedelaboraion of this taxonamy, to provide
a specificaion medarism for coordination aswell as
visualzaion of coadinaions in place. Possble
appraches are texud spreadshest style or visud
langwages (in the sprit of [PCS95] for speifying
multi-window image browsers, [Bor86] constrant-
basedsimulation comporents [HM90] user interfac
commnen layouts [ISB95] hypertext layous). This
gives users the flexbility to cudomize browsing
envionmentto tasks.

* Capdility to build up compodie coordinaions by
chaining manytogether, which canbe saavedor shaed
CONCLUSION

The benefits of multiple window coodinaton appea to be
significant

 User performarce improvenent by redudng
informaion accesstime, esgedally in the Hierachical
browsing case (as in [SSS86],[BW90], [CWM94]),
andby redwing user adions (houseleging) requred
to mantain a syrchronzed stae by hand (as in
[KS97]). Forexample, with a simple key-stoke levd
andysis, scolling carelated cross-setion and CT scan
images with syrchrorized scrdling coodination
betweenthe two viewsis hdf the work than withou,
andis even beter duiing exploratay tasksin which
users roam through the spae exensvely with
draggng actions.

» Discowery of unforesen relatonshps within
informaion that otherwise would be difficult to find or
comgetdy ovelooked without coordnation. Helps
improve users’ understandng of the informaion by
supplenenting thar mental modd with the addtiond
dimensionof coordnation.

* Unification of the deskbp: We bdievethatit is often
wiser to pregnt complex informaiton, not in a single
integrded compex display, but in mutiple simpler
displays using coordnation to navgate, maintan
relationships etc. (Figure 3). Is this then arti-Tufte,
who often advoates ‘integiated arguments’? Pertaps
not; for coordinaion is integrdion by interadion
ratherthan smply integaton by visual desgn.

This taxonany hdps idertify paential coordnations ard
provides gudane for three communiies of desigrers.
Thete are fich possbilitiesin

1. Selecting Itemsto Items
2. Navigating Viewsto Views
3. Selesting Itemsto Nawugating Views

from the same and different colledions of informaton
items. Other cooréhationsmay be possibg, but this initial
taxoromy can genemmte many user interface improvements
to exising sysems.
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