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Flomer lcon Elemicnls nge Data Element
ussber of petals 12, mean 6 Price chngs skice bascline,
dolloss
Size of Head 1-7, mormalised for present range | Absolule price of stock
Leagth of Stem 17 Prasent standurd devistion of
price, in 0.5 D increments,
_ compared o average
Calor of Siem GreewRed Price up or down
Caler of Grass Treen/Brown Price up/down for provious N
tds
ol Joon .
Mofion of Flower Stem Slow, medinm, fust Standard deviation of price
L mlative to baseline
Colar of Head Red, Green Price: Graen up, red down
ity of Head Color “Bright, Dim Bright, large cliangs;
dim, small change
“Dliking Tixed ol onice per second; duration | Price changed
fiwed at 30 seconds
[ Negative Sounds Loudoess in 100 increments propartional to velums of trade
Violin low nates Price 0.5 3D lower
[ Plano low notes Price 1 5D lower
Bass low aotes FPrice 207 maro SD lower
[ Positive Sounds Louduess in 100 ncremeats proportions] to volume of trade
Violin high notes Price 0.5 SD hi
_ﬁanh%auh Hmlﬁﬁﬂg;r
Trumpet Bigh notes Price 2 or more SD higher
Location of Sourds FoghttoLell 3 steps eachwiay; | Negative Telt
Fixed at hwo steps Positive right;
Background sounds Selected from negative or Average market below ar above
positive sousds; baseling;
Volume in 100 increments Volume of irades in the market
[ Speclal Events Bunny nibbling nesr flover News item for the stock
Flower all black
[ Barder colors Green, red; Overall vy, dovem;
Color ssturation; Proportional to amount of change
Coler inbrosity since baseline;
Oveall volums sinco baseline
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MULTI-VARIATE DATA PRESENTATION
METHOD USING ECOLOGICALLY YALID
STIMULL

FIELD OF INVENTEON

“The prosent imvendion relatos lo graphionl and suditony
pressnlation of dale, particulaly for explofling human pa-
lmrn recogmilion.

BACKGROUNLD

Tiee febd of informstion visusbation includes the wse of
furphe to convey information in o ssefal manner, Appropri-
abo informalion dispiays can being life to ofherwise incn
malrices or sircams of unmbers, Homan peseoption snd
recognition of dala trends cen be Geilitated through coo-
slrnction of comprehensible graphs. This mndpnm?im is
especially impodiant when given lsge amosnis of ailii-
warkale chata Prom which uselil infoomation mest be quickly
derived, Depending upon the oavironment nnd o impos
Iance of the decisions ta be made, sven the best information
can becama overwhelmiog, An example of ons such eavi-
vonment §s o fast-paced stock trading room whers fisanciel
analysts s expocled Lo quickly nesess various online
sourees of informalion and meke mevocalle declsioes il
can effect their very carenre. Other ailuations arise in civil
amengencies whess an uninfomed declsion could jevpardize
lives. The computer indfusicy has genesled & number of
jaols for coping willi problems such as thess,

D brains. atlow us bo do many (hings that defy cven the
masd compleor antifleial sysioms, Al the fore is our ability o
oeganize & divesse rmge of infomsions ok rolatively
simple paiierns end fo monlior these pafieros for oallios;
cimes that break ranks wilh the majocity. The brain s the best
“paliern deteclor™ [ exislence, “The couveulionsl dats visu-
alization tools have fuiled to take advaniage of the varlous
cognitiva ancl perceplual powers of the brain i iy strise-
Iured menmer.

A graph in a visnsl display that illustrates one o oo
relationships among nambers. The beal graphs ase lhoss (et
permit n visaal pallecn, trend or comparison o bo guickly
and accurately compechended by 3 human weader. A poorly
designed or consirucled graph con be dilicill 1o deeipher
properly, ond coukd vessll o coninsion or eroneons conlu-
gions. Tased upon knowladge of the partiosir aedicnes,
cotpled with an wndestanding of human perception and
eogeiiion, & corlain craflsmerstip cin be biosght b bear
upun the fask.

Application of empirival findings from rescarch on buman
cogndlivm andl gesceplion lo ereaiion of grapls b explosd fn
Slephen M. Kosslyn's book, “Blemens of (raph Design,”
(WL Freeman & Co,, 1994), which {a incorpoted herain
by raferonce. The author evelustes many of the Eaclors that
shoakl be comidered whon selecting a graph fomal 1o
preseat o content for & gpecific paposs, ad derves a
sel of principlos haviog o basiy in fe physiologioal pay-
chulogy of umea cognition and pescoption. Lxplodistion of
these principlos whon foomulading a graplical presenlidios
can dramatically improve fhe useful informetion costoal
without apprecishie incrosss fn visunl complexity, The
suthor derives o lst af principles thal provide & frnmework
against which to calibrate the relative effectivenssy of viri-
o approsches io dals visuallzalion. [n prapigal, s piekia-
ciplss can be divided into Iheeo gections: one regarding the
wiiy i wihich we notivaly omgunlee and inlerpeel whal we
s anolher roganding how meanty {s derived from visual
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displays; aml o thind relalod to memory nad processing
Emilationg celabed to er infarprofation, ‘These same
principley also apply direcily 1o patlerns of sounds.

One approach for display of information is disclosed fn
1.5, Pai. Mo, 567381 fssed to Simsmck. A lbeos-
dimenslonal, witwal vonllty display space is created o con-
taim oot fhat represent blocks of data as 3-1 bar-charis.
Allrlbules of (he daln ste mapped to vislble or sadible
characlerislics, sach #5 an foon having a specific size or
colar, Tha spalinl roliiomthip snd conealing Moo hobwoon
jeons i the Bndseape rprosond siructical selaticaships that
cxivt in the sodedying datn, with the ground pling repro-
senling 4 nemevical valie a8 8 common surfsce plane,
Anlificial pempeciive (with objosl compression iear the
borizon) scds o the realism of the view, A usor can araoge
the objecls aecordiag 1o a prefered lexical onder, imd B
“byur* across e lmdseaps b browse or search fior paicn-
Tar dinta items or relatiomships,

Thers are many dissdvantiges of this method of visual-
ienlion. For one thing, the dsta repressilations are purely
artlibelal, wsch 18 & too-dimennlosal bac-ohan with s
pecessanily Emited information bandwicb, A stlic hioar-
chical wee paradipny clictalea tha srrangemenis betwoen ile
fcons, Hlustrated by chutersd linkage Hnes. In sssance, e
wser can maosaly navigale theowgh & sea of bar charls ilbis-
irating the sz and ape of files, or similarly henlgn parm-
cigra, There s no menns for indicating any datn changes, nor
thair magnitede, relevance, or direction. Given the lack of
chnnge information, it wonld be inpossils to deloct any
paticms of chanpes among Ihe dala sels, Vuribermors, sound
i inplemsated solly as a “waming lone®™ Iripgered when
the wser's cursor ionches a file leon baving a predelcrmined
aftrilnmie, There Bs no ssbection from 2 variety of menninpfil
sounds, or say coacepl of apalinl crentation, intenaily, or
inherenl recognition of the smmwd’s meaning, otber than ifs
MErs DeCUmenes,

Significantly, (e sysiem relies wpon the virnal (io.,
arliftcial) realily conlext, b compulstionally complex, and
visually disiracting dals display. Virinal realily (V1Y)
allompls 1o replicate physical reality, whoro the Batier 1he
VR system, ibe betlor the rendition. Vissalizalions of this
fype sccentwate the delwils at tho sxpense of data compee-
bension, As desorbed in Koslyn's “Elemewls of Gaph
Design®, livman users can relishly process only o limied
amoinl of visual isfprmsliva al vee lime, depending on a
eumber of psychologizal Faclors including relevance amd
aleriness, 101 sl itional effant for the mbnd bo consboic
2 31} percepiinl organizstion of reodes fcon meanings and
velentations, eapocially when they sre mude cven Logs intel-
Kigible by the aclificial varintions and diskostinns constanily
introduced by “navigatiog.” A VIU display contaminated
with frrelevand or overy defailed information mey achually
redge fho ability to pooperly perceive (he duta palierns of
msl indenast.

A similnr arenngemend, sueciflenlly sddreseed to visanl-
fration of information w i money manapers, i dis.
closed in U5, Pul Moe 5,675,746, and 5774878, boih
ismwed to Dfarshall In fbege and related palents, so-called
3D “metaphors” are wsed lo represent daln in 8 virual
realily sollig, where chasscterisiics of cach melaphorical

t s determined by e comesponcing data, The shape,

o sncl motation of cech object may cdunge scconding 1o
the data, or to hightight criterfa solectad by the nser The
loestion of the olject may represen! the soure of the
information (e.g., 2 selected marlet information foed), or 2
collective similarity (o.g., inthesiry growps). The user may
then “fly™ amang B objects lo obesrve their characieristics
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d . For oxamm ol “foating” shove the
e aal phcund pians Gould Teprescat g for siovks

proacep
irneding “above mverage." The ive meaning of sounds,
ahnpes and movement of S-Dm;mu i fied by Ihe

gyslem c?lu:'[unlm, lthough vo particelar srangements
aro desct !

Many of the disadvantages of this system reiate o (e
Hrmibed vissabizsling mechanisms employablo. The arnage-
menl of foomss s according to & predefermined sl of thee-
dimensional axce. The feons thenisolves kave comespomiing
shape, size and color 1hat are purely arbitrary and which lend
vary Hifle o any inberont percoplion of lkelr respective
walue. The porirayal of spinning, colored or pulsating icons
merly represcol datn or dods Irends fiat have aleosdy been
ealeulated. The wtally sbslcact landseape does not lend lisell
tes uvalunting any recogmizable objects, lel alone inlsmctions
¢ pattorns. ‘There is nothiog o the vinusl roality srmnge-
ment o feciliiaie weognition of “oullies”, L, be low
pon-conlbrming dala ssbs. Dach of these Nmbstions of the
oo arl fosters 4 requirement for 1 lnge smoand of keanning
Isufors the display beging to becoms usaful for anylling
mose than 2 date brovesing lool.

T mddition to e other dsadvemtapes of virtual realily
mentioned shove, 4 wser unfamiliar with e medim aot
only must earn 1o configure and nevigate the datn, but con
easily beeame overwhelmed or disorieated by the lack of
nnfformily or streciure. Al mosl, the Marshall gystem is
dissdvantnpeously prommded on depth percoption, and spa-
finl fafwition, which do not rmcagnize (be limits of husan
engnition, memory, or comprelension, Wilhout hese ele-
memts properly consirvined, the vidwal realfty icnis remain
rolafivaly lncdecipherabls, and ihe informallon ropresents-
tinns frustratingly insonitahile. Furthermaors, the use of sound
by Marshiall lias the disadvantage that It is vaed only Gor
munually identified and selctedfighlighted esses rathers
ihnn slsowing patterns or any ofber information genoral fo
fhe datn s2f. Bven when soumwd is i there 1s
aclbing bo fedicats low (e sound cn be used fo provide
minivariabs fexiore ko the aedilibe display.

In an offort (o bying a physical sssocistion to data visu-
alization technigues, U.S, Fat. Moo 53218040, issued o
Lesser, deseribes a praphical meibod lizd to medical dals
aboul & petiend, A single display femplste i3 aranged s a
represenlation of the haman form, with binsry mformation
feons mpused wpon Axed locations of the form. The presont
dota walues are ilhsirated by varying the cobor or inlensity
of u spogifie npalomical locstion of tho display correspond-
ing 1o the data ilem. Ones 2 wset (is,, mirse or doclor) has
thamoughily learmed (he lovstion sed manming of the vackous
eleaneats, the o i that the information abowt te presant
patioml wivn b quickly deciphenod, For oxampbo, scm color of
blee may ropresent the cooesponding location of s
infection, anl specifio blods of colom on fhe chest or
shdomen may represent recenl blood-lesting mesulis, vital
signs, paliesl complainis (o.g, pain), or other diagnostic
ohearvalions. Dla oxcursions ba prededarmdoed theagh-
olds can be indicated by hiisking red jcons st the plolled
Iocation,

Amanp 1be many dizsdvaniages of the Tesser sysiem iz
thnt, like Maishall sbove, the shapes end chenges in (he
icoms provids precions Hiile i any information that capital-
fres wpon baman perceplion, nemocy 6f comps baasio.
The propossd placement of rectangular blocks of dats is
complataly arhbitrary, othar thaa the obhvions noeakny-
oclented lecations dictated by the patient data fiself. Even the
eomnglos dosoriisd in the ilheatrative cmboilimen! demon-

4

evuryone knows that an arca of infection & "red,” because
of inflammsiion, yet Lesser vosld indivabs such & stats with
b feon, Bimi the deln icants ave pomprised of Tzud
sheo, shape and ,using mmhinruhud_'lhw;:u:

e, and I:ﬂmvt. io repeezent "deviations™ a
:ﬁmlwh'l aeverely postricis the Lesser approsch (o
fypes of data that can be characlerized o8 sormal or abnor-
mal conclitions, 11 also Hmits the information (o a level of
shslraction that reliss spon e syslom parsmeslers and
requires spoeilic ssumptions be made abost the patiead fo
poedeling the binery threshokls of such normality. Sinilarly,
TLesses makes no referance (o sound at all, oiber than "hawal
somiels” (o stalns of which may be reflectod i o cooe-
spondingly cofored feon. Ignodng this mliimedia dimen-
slon Parther lmits the st of stetus loformnibon Dhed con
be dedved.

Furibermoos, & “Lossegrom™ an taght by Lasser fndl-
cates the wnderlying data for e cee ol a time, nol lge
numibars of cagar, The design of Losser frils (o capiialize on
any pattern rehovancy (bl would be cognizsble sesues more
I cne data sot, bel alone bundods, Thoe & oo “analagiaal
mapping” of dats in which complolely diflerent oljecls
represent valuos of diiferznt measuremeats. Losser uges the
same reclangular shape aver and over agsin for dozens of
different types of data, dramaticnlly sggeavating an afreay
sieep leaming cunee.

Alibough Lesser does suggesl superficially lhal o Lessar-
Gieam eonld be applied ie “businéss datn™ or other forms of
information, there is no supgestion whatewer thet mch e

sy disploy could apply o anyibing mare dun purely physical,

a
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process-oricsted datn, One mmist presins, given e oes-io-
one relatianshlp of dala and display elamenls, sl o Lossar-
Chape would cequics & Bxed physical shape of some soil,
dietormined by the process itsell, Cobored pieces would then
poslray some binery dats status of the procsss belng moni-
fored, Aguin, Uris s iwolhing ot all fo do with defining icons
ar dala represeniptions ko explodl the advaniages or Hmils-
licms of liean memory, perceplion, or comprehension. Al
the very least, auyose Pamilinr with one type of Lessarfiom
fior neman medical informalion would have no idea how Io
apply the snme lechnology 1o & different typs of data, suy, s
traffic conirod, or ol ber.

One olber exompls of wsing muirees of rectangles with
different shapes and colors i5 in use by SmaiMoney, com of
Mo Yark, NY, o illusimis siock madeol dsia, Accordisg io
their information, Marke! Today, o user conses “The marknd
al a glange,” laformation about six umded peblicly traded
stocks is arcanged into fadusiey sepments. Individue] maket
capilslizailon of each compnry dicialoy (he ralotive s of
& recl mpreseoting a sompany, and bocks within mm
indusiey megment that have similar historfon of pricing
movemenis are amadged pext o sach olfer, During o
trading- session & usor can rogeest an wpdate of the display
when corrent infomalion is desired. Ths color of sach block
varlas in hwelve steps from bright red, Lo black, o beight
grean (of poother selecishle spectinum, blsefyellow), iwdi-
ealing the present :innpiultuiuo wilh respec] o a selecied
bascline (e.g., yesterday's choss).

Significantly, he markel map demonsirstes many of the
dissdbvantnges of visun| nformation overload, without schi-
ally highlighting the news. Rectangles diciaied by the pearly
ey thousnnd data poinis sre squeesed inlo spambngly arl=
trary localions on a display scecon and then sic bundred data
podnts of a single metde (i, daily change) are simlin-
neoimsly warkd al the will of the markel, iven Ihe resulting
confiusion of data, the average user cannal be reasonably

strle 3 peneral disrogand for buman cognition. For exampls,  expected fo quickly perceive changes, lel alone palkrng,

A S —

EFTA01181683




S 6,639,614 B1

5

unless several large, adjacent stocks happen io change
simultaneoesly, ‘The equivalent perceotage chauge in a
dowen "gmall”® stocks wourld not even ba wisiblo, albeit
alewoelhy, wnless the changes oll happened within (he same
arbdbcary indusiry segment (Lo., adjncen! wdengles), and
only If the nser happensd Lo be closely moniloring that arcs
of the map. This dolests the whols puposs of & ussbie
moadtorkg ool

The merkel map display 2 disndvanisgeowly sfatic.
There s po display motion or audible mprssitation o
indicate nny sot of change, vor wheier the change is
relatively good o bad, only Minl the embodying dain is
presently wp or down from the start, To faci, thers is no
Indication a0 all (bat aoything in e display dlsell hos
changed—ihe user musl allempi w0 remember what was

wly daplayed and menlally conpare all 600 stocks
or ot lezsl some of them) when Uhe display is next refreshed.
Trnnsitions in the markel map reclangles from red o black
1o green ane shown wsing mos han ten varietions in color
forcing a 1ser o perceive, recognie, rocall, snd vndecsthnd
the subile dillersnces, a dumnting (i€ oot impossitds) inek
when urider indbenss peessure,

Panadocically, sings the data icoos never chanpe sive or
eliagse, the method limits (he amount of visusl informalion
that could be usefully diaplayed nhout ney particalor daivm.
Aside from (he fact that Smerthfoney provides (eansitional
infoemailon sbowl anly & singha dats meleic (e, pareeniapge
changs since last close), it hes several ofier serous dravw-
backs with respoct lo dutn viseallzation, The markel maj is
comstmcted nsing the fixed hierarchy of indusiry segmant,
mnrhot cops, nnd porcentngs chasges, A user is helpless
wivea It comes o organizing the display scvarding to oller
melries {hat may bo preforred by the user. Even if ihe viewer
eotikd salest stocks or specific arrangements or colleotions
For moaitoring, the onty thing that ever changes is ihe eoloms.
The mep of the markel does nol take any advanlage of lhe
abilities of the human mind to pereeive, , and
compeehend Hmdled smownts of salisal information, or fo
detect clnges of dizplay molion,

SUMMAILY OF INVENTION

The present fovention provides a now mothod wisnby
combinationt of “voologicelly valid™ (Lc., oocuming io
. evarydny envitonmonis) lmeges and sounds are sed for
vismaliztion of lipe smoumtzs of information. [eons and
sounds are aslecied and combined lo sccontusls anberal
recognition of patiern information, A vissal feld of similar
foons represenly & corresponding Held of dain sets, wivene (e
appeazance of cach icon illuskrales the selative values of the
undeclying dala, Willin ench fcon, clements chanjge in sl
rinher, color, and madicn o illustrate the respective drec-
Hons and magnitede of changes of dots wilhin the corn-
sponding data sel. Stercophonic sound occurrence, ning.
spatial location, type, and wolume signal fhe user about
genera] dats aitnation, ss well ss (he type and imporiasce of
initividanl dain changes, stimnlating the user's altention
during oveais of slgnlflcance.

Accurding to an [llustrative embodiment of Ge systemn, a
icon suggestlog & recognizable 1ife form is selectad as ihe
basis for viswalization of a multi-variate dala sob. Life forms,
anch o Mom and faiess, & linown 1o grow, okova and
clings eobos according to their inberont physical determi-
nanls. For cxample, & healthy fower such a8 n dalky has a

6
be instanily recopnized s produced by a loss satisfeciony
coqilition. Furlbsrmore, & e wave la proportion to
ibe breoza, wid 1he Fertility of the area arovad the base af a
flower may convey sdditional informmtion egerding (he
lneal trends.

Slmilacly, en owdilory dsplay of (he system sclecls somls
ihal are engily recogmissble st posilive or nogative (ie.,
goudbad), The sowwls are than produced In loadness,
locatine, and fiming paticrns iy o the wnderlyi
duta, For example, loud soul frequent bird-obiopimg 1
on the gight side womkd dndicate a penerally positive
enylmmeasnl, whesens o rumbiling of thesder to (he lall
wonld give & mors nogative impression. Musical sunds of
various inslruments and bones could also be used inslesd of,
ar fn nddition to animal or weslher seunds,

By wsing an conlogically orienied geaphicsd ivon, o wide
number of different paramcters can be simultnneausly
deploted, Motion and sovad e usod to highlight important
changes, of Io lend assumnes thal a stalus quo prevaiks.

Tt am illasicalive cmbadiment, sa icon of o dabsy is
eonfgured to represent financial dala such as relative change
in atock price from opesing, shaolute sock price, slandned
deviztion in price, ditection of changs in price, volums of
tradss, and short-lerm trends. Thess parmmeders s mopped
1o Ihe number and size af petals, the frequency of swaying
malion, the color snd tenglh of the slem, aod (he color of the
grasa near ibe stons. Tlye magnbivde of changs 15 represeated
by the waving molion, wlhore bigger clanges make the
waving Dsler, Similarly, when a sound ocous, (e xppro-
priste Aower “lights up®, and pulsss for 3 predelermined
perind willy grean for a higher tencke, red for m bowar Gends,
The stock symbol can also appesr ool B sach blinking
flowers for a prodetenmined time, Hundreds of swch “dai-
sies” cant fien be smanged on 2 display, and sortesd (6.8 bop

™ hiottorny depending wpon a userselectable choice of
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display parametes. Thess flowers can be foriher sarled nio
gundrants of different Lypes of Rowess, not jast deizies, with
the lype of Bower representlog a catsgopical varishle, such
as slodies From & perticuiar indesiry. Posilive snd nagalive
sounds are then superimposed on the display accordisg to
whether stocka e being Irnded for prices above or bobow
Thair respoctive averages.

Elnlikes the prior s, the prsent melbod fachrdes ecologi-
cally valid feons with which a bisiam is oy to b Familiar,
“This melbod includes a visual sniformity, salient dain icons,
Iow clitler yet higher dimensinnality, and sound overlays. In
midiifon, there ore zleds Ip changes {balh wisual and
snditory), a pabotie of lones, and seleofable dots for sither &
by condition {redfpreen) or & sealed mensare of varin-
tiom, Litfle suporfinows miorms ion & displayed, solils VI
approsches, and sioce Jess detail is needed, mors infiomo-
fion hecomes recopnizable. There is no “change for change
saben™ sinco potling moves unless the corresponding dats has
changed. Lower attenlion & gince you're ool
“fying® anything, but rathor planisd Aroly oo fhe grass
backgrouncd wilh (be fowess, This method explolls buman
medlal powens of perception, memoty und copaition. The
sl joons cas also be simply saeied (¢.g., Wop (o bollom) by
wspr solecinble permnoiem o give infierent onder to the
depiction withon! the inflexibility of predefingd dimeénsion-
ulily

Ouiliers are readily spparcnl from fhe behavior of the
icons, cspocinlly wimre lorge chinges s indicnted by

greca ston, snd gets lager and faller, and hns mor potals, 5 propodicnal changes in sound, colos, amd moton, Like

e nalurally doleemined by the Bower's eovinsmenl, A
sharier, brown Howrer that has lost most of 112 petals would

picking out the image of 2 xabbil in & wheat freld, the bumnn
il quiniely unes out the drelevant visual daja. The e of
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eonlogically vali viswal loons reduces the leaming lime and
operalor cenluslon and capilalivos on lhmgnim:ll:u shilitles
of the lmman vicwer,

Similerly, (he use of satural sounds Cacllitslss reoognilion
of posilive or pegative cironmmtances of proseol danges.
The location, wolume, seleciion, duralion snd olhe
et e g Abctton gt (b g
represen| the ng mallon rega mag-
mitude and Iype of changes simulencowsly cecurting in fhe
wismml data. The prosescs of the soands allows the usor lo
lealt ey from the sexeen, whils being able 1o
listea to sownds that indicaio & chenge in the dato (hal may
requie visual allention

Unlike Lesssr, or ofher i visialization
imathads, i conlogically walid viseal and nuidibin icons can
be casily adupled to represesl mumesois Lypes of dats for
which pottems sml changes must be quickly and effclonily
recogniped. The snalbysis is divorced from (e one-io-oso
eorrespondonce for which inteition or kraioing A
imperstive, 53 woald be reguired when using & LessorGram.
Thie saaie operator, weing the sama isons, can apphy the ool
I many different types of data, sl defect the necessary
information quickly, be it westber phenomens, stock
miarkeiy, or othor dels inlonsive soalysss, wilhoul nocessar
ily understanding 1l urdodying processes (hat creale the
datn, and wnoncwmbersd by the mmalylical prejudices
spawned by such femiliacity.

Displuys created scconling 1o the Invealive mothod ae
Intentionally Himited wilh respect bo the amound of informe-
fion thal can be divcaily determioed from inspection, in &
wffart (o foons wpon the most relevand Pvclons, their changes,
and the chirection and magniteds of such changes. Beonuss
of ihe uwniformity of the many {coos, they can quickdy bs
compared will each aiher for changes, whils still observing
genenal irends, 1 pecassary, Direction of changs is binarized,
whh the magnilode displayed only for selecled changes
(petals, stem, speed, sonnd volume), thus Unilog the
amoant of refined discririmation vequired by the user
Changes are [ndizatod dol oaly with vima) mevemenl cal-
elated 4o stimulate the visml perceplion per ==, bl also
wills the simulassous sonnd occumence. Moveman! speed,
soued volema and location, and sound ssleclion doaw the
1500"s albention io The ofoer instnoleneoes clinges that lave
ecoured (painls, stem length). Thus, the ocourrences of
midimensional chnges s quickly o i
wilh the ouiliers and interactions with other daln sois,

RRIER DESCRIPTION OF THE FIGURES

Thess and other fesfures of the present investion will be
batler undemtond in view of the fllowing detsiled deserip-
flon faken in conjunciion with the drawings, in which:

0. [ fllustrates the elensents of a wisenl fcon pecording
io an Hinstrative embodiment of (b system;

FI08, 2e=2¢ (hunicates the varistion of o display clemont
of ihe visiual leon of FIO, 1;

TGS, da-3d iPhastrates wmothor varintion of  data-dipley
cloment of the foon W FIG, 1;

B, 4 illwsienies anothor varintion of o display element of
fle feon in FIG, 1

-Hlﬂﬂl,ﬁ

S
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FIG, § ifbustentes the application of a color variation of s g

fcon element of FIG, 1

TG, 6 ifuatraies wnother spplicafion of color varialion of
anodber poction of & display fon as shown in e embodi-
mont fn FIG, 1;

FIG, 7 illnsirates a poction of o syskem display jo which o5

u phiality of display icons i ameoged in o illusiative
embeodiment;

8
[FICL B ixbmllates 3 cormspondence hotween axsmples of
display and sudible slements sad daia characteristics in an
ilhrsirstive embodiment; and
FIG, 9 disprams a logical process for cresliing an eco-
Ingically orianfed display sccording fo an iliwsirative
embuslimunl of the sysiem,

DETATLED DESCRIFTION

“I'he presest invenlion provides a new and wsaful data
visuslization aystem whereby displnyed sounds, viswal
patieres, chonges in the sounds and paitesns, and modion arc
seloctod i o manner (it provides eoologically valid stimuli
for quickly idenfifying changes and noting feends. The
necognilion of changes in dute, their mognitnde, Gype, amd
direciion can be i by using appropelate viswal and
suncdbtory sypnshols that (ske inlo sccount he sl of cog-
nifive and percepieal es well o5 their nodeciying
bonin mschasiigns. ‘I‘i:: pgoal s fo ddesign n display thal
explodls what {8 keown abeul brain mechanisms and peln-
ciples of praph design in ordor 1o provide both a scose of the
evorarching polioms in very large sels of data and tho
exislence of specific cases that diverge from fhe owerall
pelizrm, These boin mechanbma sre used lo recogaize,
remember, and sndersiand ebjects and evenls in our
envircameats, both nouml and mas-mnde.

A user interface desipn Meorporates three ey fealures:
i clisplny bs commtrnctec fo take ndvantage of brain mecha-
nisms that evolved 1o help our species gumvive; bolh visual
and anditory “ocodogicaily walic stimuli™ sre wped; and the
principles of graph desben ave applied. In partienlns, brain
machariams that waderlie survival skills, sech as those that
allovr s (o hant for and gathier food end svoll predatons, are
af interest, Eifective lunting requires Aot only the abilily (o
monilor infomatieo represe ing a selic landscape, bot also
spot and interprel & change quickly and acourstely, such a5
a moving desr e foresi,

The displays rely npon imeges of ol {fara, funa,
busmnn uelifsols mnd olher complox wuil dyoumic olijects)
cccuming in the nahiral landseaps, sl everydsy envinon-
manls a8 well su munds (hal our species is adapled o
sogister cnsily, Our brains svolved jo recognive, rememsher,
and reason abuwl such objects omd ovents gquildy and
scoursiely, sud Ile system mskes use of Mese capaciiies a5
spplied to the display of deta. Dy further combining the
principles of graph design, (he displays can ba desigped to
present informntion cleacly, Unlike ofher displays, those
deafgned scenpding to the present system are conpatible
wilh 1ke paceapinal, memory and reasoning Lrain mecha-
nisms fhal We i b peresive amd intorpret everypday stmuli
in onr envirooms,

The system disclosed provides ¢ multi-tierd cogaitive
enwivomment for presantation of data: the sudifory indicn-
tions of changs, the vimal display patteoss, sud e rala-
tionship bitween the mudiory and visial displays, Audilory
chanpes slort i mser (hal “sometling i happonisg,” & the
very keast, Viswal pallems peesent very lage difa ssis,
sllowing discovery of the sosrce of activity amd changes

datn elerments, Oace # chaoge lns been soticed, 1
pser inbeeface of the mystem peovides Forthor Ralwres for
selectiag or enlumcing the chanped foon for display of
furthar delailed Enformation.

D ithustrative embodiment of the system ia a display for
prescstation and tacking of leancisl stocks, Auditory and
visnal displays ore then designed 1o slgnal not oaly (he
currant ghobal stale of the datn, but slsn large-scale changes,
a5 well a3 mporiant chonges of individual entrbes. The state

=
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of approximately 100 slocks of inkormsd, sad & global state of
their average valus of the stocks can ho sepronentad using the
Feateres of 3 porsonal jﬂu hmgam[orndmﬁph}'
and ® honie sound-producing mechawinm, sech s
speabers or headphopes, Data can bo fed 1o the sysiem,
aither in real fime, or played beok from a sforago medium,
a4 the user's application mny requirs, Thes wﬂut,'i:gipllf
indicates the mein valoe of the siocks, changes
(.2 wilh respect 1o openiog price), snd !.lm cliniges (ip
or down)} of individual sfocks,

Audills changes fn the mivlure of "pesilive™ aml “ogs-
tive™ sounds sigmal the state of the data set, and lowd changes
signal lncge movensents in an jndividun stock (with different
sounds for up o down). Soemils ao disiributed randomly
aver 30-secoard windows, with ome ovenl per apropriaie
sy, Baich of the evenls [asls 2 seconds, For usees misod
in Weslom culiwes fbere is also s patural scale having
negalive elomenls W b lofl {soistor) apd posilive clomonts
o the righl, Megalive sounds are sobecled] froi & 2ol of
proconflpured sounds and ployed with & lell spaiis]
orientation, fe, the lefl spenlor. Hxamples of negative
sownds are: ruindmps for negatlve siock-price irades al loss
{han 2 half standard deviation (0.5 SI) below its sverage,
whocaling wisd for leds lwa 1 8D below average, and 4
creack of (hundor for a stock traded a1 less than 2 5D below
its mvernpe. Exnmplos of posilive soands, plaged In the dght
spoaker, ere: aricket chirp, bird chirp, owl wasble for each
time a sbock is iradod for mors than (L5, 1, or 3 5D sbove
its avernge, respectively. [n all cesss, ihe lowder the snd,
the fargor the volume of trade, with approximately 100

levels of sovnd volumo, Those relatioeships, and ofls :

ilhstradive cxamples described below, ars summarized in
b ek of PLG. B,

Oaber sets of sounds can be aslectad for cifher posilive or
negative indicalions, or boih. A coresponding set of ineross-
ingely megative sonnds might, for example, inclede viotin fow
notes, plano low noles (lower than the vialin), sed boss low
nofes (fower thn fhe plano nole), Similardy, a sel of incroas-
ing ly poailtive souncls coubd inclicls winlin high nates, higlee
piano high chords, and yel ligher irompet high notes, As
escribacl, Mora s six different sounds fo ludicalo o diroc-
fEon and of changs, o5 well a5 the “sound” of
gihsacs when nothing ban changed significamly.

The background soands, which represent the market as 2
wtile (o7 the segmen being displaped) are selectud from the
sel of consonant of dissomant sonseds 40 convey conditions
abuve or balow #ho opeaing, respeclively. As the avernge
amoanl sbove oponing price lncveases, (e relationship
among e harmonics of the baokground sounds will beeome
“brighter” or more cossonanl (., with Fibs) aod as ibe
amownl belw openming becomes [arger, e backgroand
sotinds will lave an incronsing degres of dissonance. The
ovesall voleme of the baclground. sound will reflect the
volums of trackes la the markel being mondiond,

Tn addition 1o e awmiible lyoer of dels preseatation, the
systems of he ealcative embodiment includes a vinual
display clomont comprised of & feld of commonly weng-
nigsbls abjocts that capture koy features of the dsta nel,
Acconding to an Musirativo cobodiment, 1l of the objects
are comprised of identical clements o feciliinde recogaition
of changes. [n the examplo shown in PIG. 1, & dalsy shaps
bas been selected as ihe basic display feon 181, The dalay
his several mcogaizable ecobogical sloments locluding the
petols forming the hesd 143 of the duisy, (be stem 105
supporiing the hesd 103, apd the base LT o which ihe datsy
is “plznted ™ Hrch of these clemonts can be vared, forming
& comblnsd displey clemanl thal can bo quickly [vlerprated
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for its information comnlent. In addition, n side-to-side motion
and bEnking color can be used (o highliphi various changos
o ofter cloments.

Ax showa n FICL 2, the nesber of potsls in tho bead of
Ihe dasy can be changed 1o indicale the Incramental chanpes
In sbock price. FIO, 2Asbows o S-podal daisy which indicntes
{hat e price bins sol changad. FIG. 2B shows o Bower bead
in which there are (wo potsls mirsing, tam imlicsting »
iaro-poind change down from the opening price. FIG. 20
shows a lower with 12 pelals, indicsting » six poind increnss
I price. This arespgoment permils the direct display of the
g froon 1 1o 13 petals ndicating § podnte down or 6
points up. Bach pelsl con nlso vepresent n change of 2
dollars, or some ofher mullipls; petals oan also ba used o
lndbeste pescent chiange, wilh each pelal conrcaponding 1o &
fioed porcentage,

FIE. 3 [lbesicades an exunple of changes in size of the
fower bead to indicate shsolete prce of a sock, FIG. 3
shows foir DMaslstive Bermenls of slve, allhough people
can pormally percoptusily nan:r and memerize up ko
seven &Eiloront skves, and the additional sizes are nod (lns-
irnied. FIG. 4 shows ssvon different lengihs of a stom
olement of the daisy foon, sach indicating e present
standand deviation of wolume Iraded in the stock The
inclicated basoline lemghh indicales the mean, wilh the
smalber sloms showing 0.5, 1 end 2 SDs dowa relative lo the
aversge for that stock at that time of day, and the barger sl
indicating 0.5. 1, and 2 5D shove the average.

A farther display ¢lement which cancel be easily din-
prammed in a slatio fgese is the motion of each individual
daisy stem acd head. In the dlusirative embodiment, the
frequency of e side-lo-side swaylng motion indicaies i
standand deviation in price, cither based rlative lo opening
price of & Jonger-lerm rolling sverage. For sxample, & slow
swnying i a low SD, whereas & wikd Dapping is o higher S,

FIC, § illestrates the eso of coloe in ooe of the dalsy
clements, in his cass the stem, to indicals The diceclion of
chanpm, Green is wed io abow that e price changn fom
opening lx uparard, and red s wsed if the change is down-
ward, The combination of atem color and ngih (s gives
& direet reading of the S0 and dirsetion of the change in
sinck pricn, andd tho potels indicale b number of pofsts of
change and the absalute peice of e stock. Couple this data
displny with the frequency of the waving molion of cach
daisy, and you hive s compelling visual displey that chearly
shows which slocks bave rienced fape perceninpe
changes on e dey. A wser-seleciable festure can pesmil

changeaf theenbom for peopls who may be colorblind, such

o yulbow and ble lailead of greon svd red.

FIG. & shows ancther wss of a color slemenl whershy the
el pately of “gress® surounding he dasy slem is colured
gren or brown, The seleeted color indicates & very shodl
berm measure of cosslsiency, A preconfigured number M of
trades fo.g., selociable from 2 to 8) is moniored. IF N of the
proviows tendes in a row have boen for incroasiogly bighor
prices, the grass i5 a lush green, bol if progressively lower
prices, the grss s a dyisg beown,

In FIG, 7, a backprownd 701 of green provides 4 visual
basoline for & mild pesspeciive elemend. A siroog (hreo-
dimension clect is nol desirable as it would disiont the
moasiiies fllstinled by daisios “fedber sway™ from the
vicwer. The groon und also provides A visual con-
irnst 1o the disploy elements of ench daiay seon. The shadow
af the daisy hoad can also be projecied upon the grassy
Iackground, b provide feriler visial does e o the sz ad
mollon of the daisy lead,
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BIG. T also flestrates hiow a set of daisies is penernlly
arennged with ssch daley represontiog dufs cosrespoading lo
a different stock, and six stocks shown in tho cxample.
}Ix‘pulmui.l have shown (lsd WMM Lieilrodd
daisies can be displayed on & compuier losing any
adgnificant visusl finn or becoming o

The icons are aleo, sarled. according 10 wser-ssbect
erilerin, sach as o siee othSDutprhforﬂmﬁy%
aAwnying , of any of the otber displayed
eritosin, The pser can be supplied with graphical butions on
iha display thet Eedicate the criteria for sodling the leons lop
in bottom, as well as for selectlon of the type of bestline
froum which (o meanare chnnges (o, rolliog mrlﬁ:gw-
ing price). (Hher user selection mezns, sach & or
rachio dials conld alzo be used, or peta of criloris pre-defined
and sefected by difforent wees or for dffecent Gypes of dale
displays,

The feons coubd even ho amanged acconding fo frrelevant
information such a e name ol he company, or the type of
melusiy, bul lhis would fend to wodermine the patterm
recopnilion featiee of the sysfom, However, it may be useful
to divide o lurge displey Into sagments compeising slocks of
ditferent Tevels of interes] o the viewar, such as a “window™
al fvorita stodls sepansted from (he rest of the daplay eld,
as further deseribed below.

Visaal procensing in the bain is divided into (wo mjor
systems dovoled (o spatinl properties or object properiies.
The luhnrplmnﬁr- b fieriber dividod into sysioms that
denl with shape aml ssface properiies of ehiecls, meking a
tartal of thres calegories.

The sol of spalial, properles ie comgaised of clements
relating o loeation, changs in location, speed, Irnjeclony
{straightfcunved), oriontation, relation of parls fo the whols,
nnd spatinl relations smong chjects. The sl of shiye prop-
eribes incledas form of the shape, size, numbor of parts, form
of the parts, and symmeiry or asymmeiry. The st ofsurlace
propectios inchides color (hiee), satusniboniniesiiy, feco,
and temporn] pattesns (blinking, palssting).

Simibnrly, il sliiocy procassing of (he brain |s divided
into two major : localizetion and idendification.
Loeullzation nfus o the apatind odenistion of & sound (e.g.,
vight, baft). Tdepiiication parametérs ineluds diffsrent insten-
monts (limbra difsronces), diffecont notes, difforml oclavos,
degres of consonance or dissonsnce, boadndss, chord
progression, nnd temporal patlorss (o4 warbles, “bent™
nales, rydhn, temgsn, duration, decay, stacealo).

In anoibsr embodiment, dilferent sots of stocks coulid be
dizplayed simaltanesly In dlfercot quadrants af Lhe
display, meking furlhar use of vissal and mditory dimon-
sdons o distinguish the sols, The Aowers (or ofber suilsbie
jrons) in sxch iuadennt will b visibly diffevent, for sxample
having different texinge, diffesnt colos la ihe eenter of the
hend, or different shape. ‘The data values will bo ordered
nhong dimensioos thal meed i the cenler al e displsy, Ls.,
fhwe correspoding comer of cach guedrent.

T tin sliersative embodiment, o wmbar of ndditiooal
ehnnges will by implemenied. Each time 2 sound occus, e
appropeinte Bower “lghta up™ with n color pulsing for 30
seconds, onoe persecond, with greea to indicate 2 trade price
i wp andd ped Indicating down, The intonsity of e cobor will
e direetly propedtionsl (o the imde volwme, mimoring 1be
wulwme of the accom panying sounds, When & Bovor lights
uy, ils symbol can eptionally nppear aud vemain ¥
during the tims the fower is 6l up, os ilhstaied by wo
cxamples T3, 705 in FIG, T.

Thirthiormicrs, wiken news aboul & stock appesrs, an ani-
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and niflde on the grass benesth i, The rave ooenrence of
wews ds Lighlighied by the bighly visible inlrusion by e
newy data pointor—the bbb, Ofher oousual animated
chnnges could b eacd o Indicale stock-specific changes,
sach as making e colins flowes tempornely ek bisde ar
somi ofher calar, At aay lao declng the daplay, & vser may
aben position the mouse carsor over 4 flower and obtaln
detniled readouts of memerlcal or geaphical dala for the
ssleciod lower, A group of flowers could be selectad snd the
dednibed readouts would contala information for each mem-
beer of thoe groayp (e.g., o multi-plot graph of treding (s foe
each siock selecied).

“The border avound the display, and ihe background colors
onn akso be manipulnled o provids sdditional information.
For cxample, chnging the bosder color could indicats (e
overall prics of fhe madkel, with green being posiiive, and
rod being uegative wilh noee saineaiod snd desp colors
indicating grater changes sines opsning, and the Iniensily
pepressnling (he overall voluma, Merthermore, e diplay
affer the end of the treding day would indicate changes
melnlive o (b day an 3 whols (eg., apeed ing
slanthurd devistion of opening price from fhe day).

FI0L. 8 mhows o talile indicsting the data aloments of o
ican znd the corvesponding Lype of dafa sssociated with (he
diaplay element, As already mentinned, different saunds can
be selected, as well as different colors. Furibermess, it
shoudd bo apprecisted that many diffecont shapes of fowars
of trees can be used cgually well. For example, frall frecs
with differcet branch lengihs, somber of leaves, aumber of
apples, helght, and oversll sk, Diflerent typos of frull rees
could appter in different displhy quadrands representing
diffeaeal sets of stocks, Similarly, grpe vioes can be dis-
plnyed with variations of miober, siee and color of grpes,
sl symanatrles of (the grape bunches, Cotn sialks can be
dispilayed with duia indicated by hefght, pumber of cas, size
nitel enlor ol eain, stalln swd lesves, ssd movement of stalks.
Deciduons trees could be used, wilh fesh spring follage
changing (o fall colors, and winiry sxfolistion, along with
variuiions of pih, boighl, sive of Irnks, seodes of
branches/leuves, roots, and smownt of oot spread, Palm
irees can have varying leaf sizn and cobor, befght, amd
member and color of nots, much like overgeown daisies.

Other cxamples of ceologieally valid visasl displays
inchude pols, zoo animals, fish, hisds, insecls or people. Pat
orother oolegical ioons may vary acconding fo body leagih,
tails, hait coler and sowounis, eacs, wagging tails, or bopping
up nndl down ab vacying speeds or beights, Differcat pots
conild be veed in differeat display quedranis, and comesponcd-
fag pol soundy iscorporated ol (he fvcilos o quickly
draw the user's allention o he proper quadnnt for changss,

Varlsiions in Ash are polestlally numesous, Richsding
colors, sifes, paliems en hody, fin location sed leagfl,
teliiies, mvovernit of Aos or lafle Similardy, binds have
vatying plumage cologs, wing span, wing placement {open,
cloged, Happing speod), poaiion (hesd wp, down), and
sciivities, sach as Bying, sleeping, pulling 2 wosm from the
gromnind, Tnsoets, including batlerlics, can be similacly variod
in similar elcments a5 birds.

Punple-based icons can have nol caly naterslly ocowrring
varialions, eich 85 height, pmoponions, and movements
(arms, lega, beacls, bogdies), bt abso arfificial changes that
can o meadily vecognied, These mclude clodbing siybe,
colos, snd coodifion, Soands can fnchide vaices (shonting,
talking, singing, proaning) A down-market would be por-
irayed a1 o charicainre of itsclf with shof, shimped people

mated animal, anch s a rabbit, will run over to the flower  with ams Salling snd groaning nodses,
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Oher fomiliar onviconmental objects such s binlkdings,
sailboats or olher wehicles are aasily cecognizable and lwvs
vuany visuslly variahle characteristics. Builfings have
bolght, widih, isxture, color, lighis on o windows, and
pechsps swaying motion (as in carthquales), Ssilboats have
slee, mumber and ahnpe and textore of salls and halls, wind
from the one side is good, and the ollier & bad Sea
{nrbulance can disploy global facioes and odber vnigque tngs
can be essily pleced on the icons to represeal problems sich
&t a pirate flag, or (kg on oo puch water (Le,, sinking).

Although ihe syslem has bean described with respect to
the regrosentnlion of datn related (o toiding = ocks, I should
ke appreciated that the system scoording o the ilusisative
arnhadiment i also npplicabile to any brge mulbidinensional
diats set, Theso applications may be broadly divided into two
Iypes: rapidly changing (i.0., mvore than once per minule), o
alowly changing, where exploration and discover of prtlcros
will be wminee imporisal hen soficing rapid changes.

isamples of rapidly changing dala seis includs fhe fol-
Iowing: stochs snd other fimamcin] insteaments, 8 already
descdbed, BEQ dota ln vardous Fequoncy bemds recorded
from different podtions of the brain and varying in e,
inlormation (ralie la difsrest poils of & liege-acals eoni-
mnication nelwark o olber complex process, and heakh
darn fioe individbas] patients in & heagitad indicating low wch
patamelars change over time {incloding femperalurs, binod
prossues, B, EMO, hosd onie, or dishalic parmmetems,
including blood sagar, calories consumed, insulin faken and
loval of cxencise).

Eramples of slowing changing dsta include those regand-
ing consus (comoygraphy), ccomnography (lemperslure,
chemicnl sod Hfe lyps and density), epldemiology, crime
stalistics, geology, and climste. Other examples are oco-
nomic dala such &8 weemployowal rles, seclors of GNP,
ghabal o reglonal coonomic statistics, corporale famacial
analyscs (quarledy reports aver lime, balance shosls,
prodaclivity, elc.), matal mrL:ﬂpoﬁg resulis, educn-
fiom lead mooses (representing di | eladses, sehoals, dis-
fricts showing changes over time), and historical datz such
&4 populnlion clsnges, Seome, faaily e sod scoupations.
The system could be spplicd to formation ebewt saction
prices, display price, changes in Lidding price, fequescy of
bidding, sge anx othor information sbout ohjects balng sold.

Hiill ofbor examples inclede data from (he soclal and
behawiorsl scleaces (psychology sod secinlogy) in which
complex data kels for evaluating conslitions like depreasion
inchide varisbles sucl &5 exercise, family hislory, level of
socisl inferaclion, and exteni of soclal support networl.
Hach person woeld be indicaled by a ssporete flower (or
other icon object) so thal pillems conlid ba viewed
Slmilarly, lagge dala sets for cilies o frwng poovicls nloe-
meafion on body mage and salf-concept varialion over the
diy, sl oihec daia seis clude leclos relaling o develop-
mendal performance on tasks, 10, medical hislosy, and other
factoes wldeh may be relovant to detenmining mselul cone-
Iations, Applicaticn do & corporste hybrid el set conld
display peesannel deta relating fo individeal prodectivity,
evalualion ralings, lest scores, comgensalion, and ofber
vir[sblea,

Alihough (he systom bas besn described socooding Lo an
ilwstratlve embodinieol &5 fmplemoied on & pemonal
compaler, oo killed In he arl will appreciste that other
impleaveniations can be equally advanirgeous. For cxsmple,
auser can bave o personal digital assistant or other Iendheld
dowvics Mint provides fhe necessary visiial and sidible dis-
plays. Sinilarly, the sudible portion ean be brosdenst (o &

k]
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portabls hesdset worn by be user, thes alkowing fho weer to
wrave awny foom s u:;i;hi‘ilny, or Bven I:Irl?p;ub ihe
anclitde d ately. & o & Enis-
il mh-::rl;mlllliph ratRie mummw by
way of & comnicslion network properly adapted for the

ase, wilh geoeml purpose ar ally dfesigned means

r visual amd ouditory display for sscl wser.

FIG. 9 filestrates o logieal process for a sysiem fmple-
mentation of wn ilbustrative embodiment. Tnstep 201 the uscr
selecks sn dcon, or sel of feons if rant dE .
Eiop W3 relates the dois foms 1o jeon elemants, aloog with
mnjzes and corvasponding colos, nnd bow chinges wre to be
inclioated. Step 905 [nterprals tho clata sel mod displays each
icon scoording to i3 coresponding data, as determined |y
the wiatinnships delormined in the previous step, Where
ehinnges are deleeiel 907 from e dula set, 2 skee
and direciion of change is calealated 909 zod conmespoading
soitnd and visual indications aee triggmered 911, If no changes
were detecied, or the indications have been
triggrered, thed & new dali te 913 In ebiplned snd the
syslem loops back fo the intepretation step 903 unlil the
syslem is forminnicd or data: cxbausted. Other stops mot
specifieally fustrated, but doscribod bersin inchude, pealllng
o waer fnputs o change the data inteqratalion theesholds or
basclines, amd steps for providing data teminstion swmmn-
ries (e.g., end of he day).

Alhough the sysiom is shown and described) with respect
lo several ilustirative embodiments thereof, it should be
apprecisiod thal the foregoing and vicoes ofiiee clisiges,
omissinns, and addifions i e form and detail (hereof contd
be lmplenmented withou! changing the vnderlylng fnveniion.

What &5 claimed is;

1. Avmathod for visnlizalfon of mulli-variste palieras and
changes in lape data sets comprising the steps oft

solecting s ccologloally valid fcon;

affocafing data #ems o a st of vardations of jcon cle-

manls;

interproting a dats set for configiiration of al ket ans l2on

element aceording w0 n variallon selecterd from unid set;
and

di ing saicl icon.

Jﬁ%d of cladm 1 in which said stap of allocating
data ems furller meludes fhe steps of:

selecting a sel of ceologlenlly valid sounds, cach of which

larve variations (bat sre matnrally interprofed as indi-
calingg & contingam fmm poor o good, el

apsgning values on fhe soumd coatimem of sach sid

sound io apocille changes in dats,

3. Tha mefod of clajm 2 fo which said sonnd varistions
ma melectod from the sel of lowdness, timbor, tone, Incstion,
heiglilmess, empa, dhythm, decay, durslion, combinations,
ancl relatinnships among mubtiple sounds.

4. Tl neeshod of elalin | in wisich sald step of interpreting
& data set foether inchickes (his staps oft

displaying a lield of joons, al Insl one jcon per dals saiy

delemimng an ogenivzation of seid field, scoording fo al -

least one data varisblo solealed by fle usar
5. The method of cloim 1 in which said siep of allocating
cata ilems fedllver fneludes the ateps al:
sulocting a met of coologically valid visusl clemeals of
kil ?u:u, oach of wiich bave varinlloms thal are
puburally inierpreled o5 inkivafiog a contiswam fmm
poar o good; and
ansigning valuss on the vissal contimiem of sech sid
visual elemand o ifle chnnges in data.
&, The method of clodm & in which said visual varlsioos
s sthected from e set of colos, sive, shape, loestion,
atjioalation, motioa, blinking, coutimeity, snd cobor inlsnsdly,

i‘
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T. The method of claim 5 in which al leasi one of said
leoms i5 a Bower and said set of viswal clemonts includes at
least one element seleched from: & number of petals, a color
of pelals, a slvo of petals, a leagih of stem, o color of slom,
o swaying modion of =xid stent, and a cobor of baekground
aroond sakd slem,
8. The method of clsim 1 inwikch said step of infespreting
Fuxther {ncludes tho step of;
Iriggering & change fo & comesponding dcon elemopl
solected from sald sel of warfetions sccording w0
w&ﬂhndah chanpe exceeds g predetermined thoesh-

L8 ‘.'ha mallod of clsim 1 furiber incleding the sieps of:

selecting a second type of ecologionlly valid fvon;

alloegting dala ilems (o a zecond sel of varletions of said
sacond foon alementis;

inferproting o dals sel for eonfiguration of a8 hossd ons of
Ili:l.lmd ieon choments according o said allncation;
an

displaying said second type of foon. ’

1. The metlod of chim 9 In which esch type of eco-

Togically valid icom is displayed in & portion of 2 display arca

separale from & portion populaied by say ofber type of

1a

scologically valid icon.

11. T method of claim 1 fecthor incleding the sleps af:
5 aerangiog a display baving a plorality of ssid feons; and
visually lighlighting an feoa repressniing a daia change
Larpor than & precdetermined threshold, and mainlaining
safcl highlightiog e 0 predalermined period.

12. Tho methed of daim 1 in which said step of nder-

W oretlng a data wol Mrther ncludos tha step of trlggerng
sound indicator when a predebermined dats clement in sxid

daln g2l uderjoes & change willin & predeiornined Hme,
13. The method of claim 12 in wlkch faid sownd indicotor
15 = soleclod fmm & sol of ecologleally valid sounds, cach of
which hag selecinbls varations that sre nstically interpreted
s dndicating & comtlog v Crom poor o gpood; and sxid souml
indieator and s comesponding variznl is sslacied acoonding
h specifle threshobkls of change in sald predetennined data

N slament,

® & & & %
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