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1 Introduction

Many blind and partially-sightedcomputerusershave

cometo rely on auditory computerinterfacesto interact
with their computer By recognisingsoundsmadeby the
computerblind userscanextractinformationfrom theau-
ditory displaywhichis presentedisuallyto sightedusers.
Sighteduserscanalsobenefitfrom usingan auditoryin-

terfacein conjunctionwith their existing visualdisplay

Earconhave evolvedasa meansf representingoncepts
in suchauditorydisplaysas shortsoundmotives. These
motivesusuallyconsistof a small numberof notes,with
a distinct rhythm and dynamiccontour They are con-
structedaccordingo rulesdevisedby Blattner[1] andde-
velopedby Brewsteret al. [2, 3]. Althoughthey appear
to be musicalfragmentsmary fundamentamusicalcon-
ceptsarenottakeninto accountduringtheirdesign.

In fact, mary early earcondesignergendedrestrictthe
maximumnumberof noteswithin an earconto four, as
ary longersequencevould have a melodic connotation.
The presencef atunewasthoughtto be distractingand
hencethe useof musicaltensionsetc. wasavoided. In-

steadof shyingaway from the powerful capabilitieamusic
affords, it is postulatedherethatmusicalstructureshould
be usedto our advantageto remove thetight restrictions
placeduponthe designof earcons.

It is proposedhattheuseof amusicalgrammaduringthe
designof asetof earconganimposeanumberof valuable
constraintauponthe choiceof earconmotif. Thesecon-
straintsareadvantageouasthey allow abasicstructureto

be built into the surfaceform of eachearcon.Thisin turn

allows only certaincombinationsof earcongo combine
with eachother A grammaticapropertyis thereforeim-

posedupontheinterfacewhich providesextrafeedbacko

theuserwheninappropriateeombinationccur
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2 Musical Grammars

The conceptof a grammaris not new; grammarshave

been used to describe languagesyntax for centuries
(Chomsly [4], Holtzman[6]). They have alsobeenef-

fective in capturingthe structuralpropertiesof numerous
typesof musicat mary differentlevels (Roads[8], Ler-

dahl and Jaclendof [7]). The abstracthatureof gram-
marsmakesthemeasilyadaptabldo the analysisof both

languageandmusicstructure.

Grammargomein mary shapesandsizesbut areessen-
tially basedon oneunderlyingconcept:a setof rulesde-
scribeshow basicunits of a systemcancombineto form
largerphraseslin alanguagegrammaytheseunitsareof-
tenwords;thegrammarulesdescribehow they cancom-
bine to form sentencesln musicalgrammarsunits can
be notes,chords,rhythms, pitch contoursor even larger
musicalphrasegCope[5], Holtzman[6], Steedmaif9]).

To shav how a musicalgrammarcan be beneficialto
earcordesignasimplegrammamill now beconstructed,
accordingo simplerulesof Westerrntonalharmoty.

2.1 Towardsan Auditory Grammar

Givenanoteof aparticularfundamentafrequeng, anote
with half its frequeng is regardedas the first overtone
(harmonic)of the original note. If this halving of fre-
gueng continuessuccessie notesform the overtonese-
ries. The intenvals (pitch spaceshpetweenthe first few
notesof this serieg(octave, fifth, fourth, majorandminor
third) arethe mostimportantin Westernharmory. They
canbefoundin a chordbasedon thefirst, third andfifth
notesof ary diatonicscale. This chordis known asthe

1



triad andis the moststableconsonancedueto thesimple
relationsbetweerits notes.

The ‘colour’ of ary chord can likewise be determined
fromtheintervalsbetweerits constituentones.Eachtone
within a chordprovidesa harmonicfunctionto the over-
all chord. For example,the toneswithin the chordbelon
sene thefollowing functions:

_— Minor Tenth/Third (Illb)
——— Minor Seventh (VII)
= Fifth (V)

T Root (I)

Adding up all the functional constituentgyivesthe type
(thereforecolour) of the chord(minor seventhchord):

I +1lIb +V + VII =Imin7 chord= Gmin7 (G astonic)

Extendingthisideafurther, if two chordsareplayedatthe
sametime, thetonesfrom thehigherchordwill form new
relationshipswith the tonesfrom the lower chord. For

example:
.-

Aswe canseejn adifferentharmoniccontext, constituent
tonesfunctiondifferently. Thatis, the harmonicfunction
of a tonedependauponits relationshipwith the root of
its parentchord. If theroot of the chordto which it be-
longs changesthe tone’s contribution to that chordalso
changes.

In the exampleabove, the new harmonicfunctionsof the
seconcchord'stonesfit well with theexistingintervalsin

thefirst chord. The resultanttcombinedchordis a conso-
nance However, thisis notalwaysthe case.Considerthe
following chordalcombination:

I

Thistime, the seconcchords root note, F, formsa disso-
nantinterval with the new chord's root note. The A also
addsto thedissonancef thenew chord,asits presencén
conjunctiorwith thealreadypresentG#formsasemitone
clashbetweerthetwo tones.Consequentlythecombined
chordis adissonance.
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This is a usefulphenomenoto exploit in auditoryinter
facedesign.If it is possiblefor a soundto be harmonious
in onecontext anddiscordantin anotheythat soundcan
beusedo represeninformationwhosestatuschangesle-
pendingonits context. However, beforewe canmalke use
of suchsoundsit is importantto beableto describahese
soundrelationshipsn agrammar

To capturethis notion of consonancerersusdissonance
in a musicalgrammarit is necessaryo definethe basic
unitsuponwhich thegrammars rulescanact. In thisin-
stancethebasicunitsof thegrammamvill bechordsfrom
apre-definedet,while eachgrammarrule will describea
harmoniousombinationof two of thesechords.A com-
binationof basicunitswhichis notlistedin thegrammars
ruleswill beviewedasa dissonanceln effect, the gram-
mar classifiescombinationof the setof chordsaseither
consonanftgrammaticalpr dissonanfungrammatical).

3 Objectsand Actions

At this point, it will be beneficialto introducea sample
ervironmentin whichamusicalgrammarof theform dis-
cussedabove canbe designed.For the purposesf this
example,a simpleobject/actiormodelis proposed.

Four typesof object have beenchosen(disks, printers,
files andtexts) alongwith numerousactionsthat canbe
performedon eachof them(e.g.pausegcopy, print, bold).

Someof the actionscanbe performedon morethanone
type of object; for example,the copy action appliesto

disks, files andtexts. In contrastthe pauseactionis ap-
propriateonly for printerobjects.Tablel liststheaccept-
ablecombination®of actionsandobjectcateories:

Object Categories
Disks Printers Files Texts
Pause
g Al oocumel O O i 0
5 Copy
o
? A2 Delete O O O O
& A3 Print O O O 0
g A4 Open O O O O
B A5 Format O O O O
<
ae Bold 0 0 o O
Italic

Tablel: Object/ActionCombinations

1Certainchordscreatetensionsvhich resolhe to consonancesThe morestablea chordis, the smallerthe needfor resolutionto otherchords.
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Thesecombinationsanlikewise be describedy a setof
grammarules:

A2 o Disks
A5 o Disks
Al o Printers
A3 o Printers
A2 o Files
A3 o Files
A4 o Files
A2 o Text

I
I
I
I
I
I
I
I
I A6 o Text

A A

wherethe first rule statesthat a legal interaction(l) can
be formed(—) by the combinationof (o) anactionfrom
actioncategory A2 andanobjectfrom the objectcategory
Disks.
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longsto its associatedtategory’s chord, the earconwill
still abideby therulesof thegrammar

Files Texts

P

o 9
EES

A4

Table2: Someof the objectandactionchords

Supposehe taskis to designsuitableaudio representa- To continuethe example,a numberof melodieshasedn

tions of eachof the objectsand actionsavailablein this

ervironment. This could be achieved by designingan

earconfor eachobjectandactioncateyory. It would be

adwantageou$f the earcongmaintainedthe grammatical
associationdetweenobject and action cateyories. If a

musical grammarof the type discussedreviously was
usedin the designof suchearconsallowable combina-
tions would soundharmoniougthereforecorrect)whilst

illegal combinationsof objectsandactionswould sound
discordan{thereforencorrect).To ensurehis, our musi-

cal grammameedsto be isomorphicto the object/action
grammar

3.1 Audio Representations

Ten chordswerechoserfor eachobjectandactioncate-
gory suchthatthe combinationof the chordswasa con-
sonanceor legal object/actioncombinationsyet formed
a dissonancédor inappropriateobject/actionpairings. A
subsebf thosechordsis shovn in Table2.

However, it mustbe rememberedhat thesechordsonly
representhe categories of objectsandactions.Playedin

combination,it is possibleto tell only whetherthe cate-
goriesfit together If aninterfacedesignewisheduserso

recognisendividual objectsandactions they would need
to createearcondor eachobjectandactionbasedon the
chordof thatobjector action’s category.

Hence,the chordschoserto fit the underlyinggrammar
provide the framework within which the choiceof earcon
canbe constrained.As long as an earcons melody be-
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the chordswerechosenfor someobjectsandactionsbe-
longingto thedefinedcateyories.Thesearelistedin Table
3 below.

Object/Action | Earcon Melody
e ‘
readme.txt| 4 - —
) [r— ,
“in thisexample” M’:ME
\3/
0 T f ]
Co ﬁﬁj@:‘
i DY) \

Table3: Earconmelodiesfor
someof the objectsandactions

Toreinforcetheharmonicstructuretheunderlyingchords
canbe soundedogetherwith the grammaticaimelodies.
Asthemelodiesarebasedntheirunderlyingchordsthey
will not clash. Furthermorethe audiorepresentatiomnf
ary combinationof objectsandactionswill maintainits
grammaticalnatureregardlessof whethermelodiesand
chordsor melodiesalonearesounded.

4 Samplelnteraction

To further illustrate the use of grammatically-defined
earconsatypicalinteractionis presentechext.



A userhasrecentlyboughta new printeranddecidesto

print outanold letterwritten sometime ago. They begin

by choosingthe file in which the letteris storedand by

pressinga key to invoke the opencommand.The system
providesauditoryfeedbaclké

o E———
y Th e =1 I
[ fan 12404 I I
A\SVJ T [ B N I
D) \ f
Lbof
()" "o

<

The userthenmovesaroundthe file anddecidedo itali-
cizesometext to testthe new printer’s capabilities. How-
ever, afterselectinghetext, they accidentallyhit theopen
key again. The auditoryinterfacerespondwith a disso-
nantearcorpair:

Realising their mistale, the user selectsthe text and
presseghe correctitalic key. This time, their interaction
is accompaniethy thecombinedearconTextoltalic:

N p—— ,
v I B ——
/A I s |
[ (an P i |
A\SV b, S
PY) =3 u’ I
haS
S Q
y Com— e )

Beforethe userprints off this revised copy, they decide
to print the printer’s internaltestpage. They do this by
selectinghe printerandpressingprint:

\
/

N

J | |
7 | | ||

[ fanY Iy i [ |
A\SV '\_‘F_r P-.j
J == uf
&) S

Je S

Having successfullyprinted the testpage the userthen
printsthe document:

2Thesmallernotesrepresenthe actionmelodies.
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5 Important Considerations

It is importantto remembethatthe choiceof basicunits
for the auditory grammarwas chordsbasedon simple
rulesof Westernclassicaharmory. Theeffectuponalis-

tenerof correctandincorrectcombination®f suchchords
and subsequeninelodiesbasedon thosechords,will of

coursedependuponthe musicalexperienceof that par

ticular userof the system. One humans consonancés

anothersdissonance.

In fact, the perceved well-formednesof a chord also
dependsuponthe context in which it appears.A chord
which soundsawkward whenit is heardalone,may be
moreacceptablevhenit is partof alargerchordsequence.
Somechordsare known to createtensions(e.g.through
the useof suspensions)Othersresole the tensionscre-
atedby precedingchords. Thuschordsareoftenreferred
to in termsof their function (Cope[5]). Theeffect of ten-
sionsandresolutionplaysanimportantrolein music,pro-
viding theexcitementandsuspensaecessarfor interest-
ing music.

In generalsinglechordsrepresent rangefrom very sta-
ble consonance&uchasa majortriad) to extremedisso-
nancegqcacophow). An individual's distinctionbetween
consonancanddissonancevill lie somavherealongthis

scale. A userwith a differentboundarypositionto that
usedin the exampleabove might initially classifysome
object/actioncombinationsncorrectly However, aftera
shorttrainingperiod,it is believedthatarny usershouldbe
ableto recognisghe consonance/dissonaniseundaryin

useby thesystem.

Of coursetheboundarypresentn theexamplewasacon-
sequencef the particularchordschoserfor the system.
A differentsetof chordscould easilybe usedto provide
analternatve. For thatmatter the decisionto usechords
asthe basicgrammaticalunit neednot have beenmade;
rhythms pitch contoursandchordsequencebaveall pre-
viously beenusedas basic units in musicalgrammars.
Any potentialconfusionsmadeby usersof the example



systemare dueto the specificexample,not to the tech-
nigueof usingmusicalgrammarger se.

In fact, suchis the generalapplicability of grammardor

describingstructure thatmary musictheoristshave been
ableto apply grammaticaltechniquego mary stylesof

musicfor numerousnusicalcultures.Consequentlthere
is no inherentrestrictionon the musicalstyle of auditory
interface that could be developedusing musical gram-
mars.

6 FutureWork

As the proposedyrammaticabpproacho sounddesignis
closelybasedon linguistic grammarsit is hopedthatba-
sic mappingshetweersimilar structuresanbe produced
in future. Thisin turn shouldleadto effective methodsof
communicatingnorestructurednformationthanearcons
can presentlyportraythroughsound,(suchaslanguage-
basednformation).

Furthermore computerscould then be usedas an inter-
mediarybetweertwo humansvho wishto communicate,
but who cannotusethe traditionalauditorymethodssuch
as speechor the whistle/drumcommunicationsystems
usedby a large numberof tribal communities.The com-
putercouldactasatranslatobetweera speech-impaired
usercommunicatingvith anothehumanusingmusically-
structuredsound.

Mappings betweenmusic and languageusing a com-
puterintermediarymayalsobehelpfulfor otherlanguage-
basedlisabilities.A setof trainingaidscouldbeproduced
that aim to improve certainlanguageskills by corvert-
ing theminto amusicalequivalentthatis understandable,
therebyreinforcingthe languageskill. Suchaids might
includeprosodicassistancesemanticandsyntacticrelat-
ednessandsentencéormationtools.

7 Conclusions

It hasbeenshawvn thatconstraininghe designof earcons
with a musicalgrammarcanprovide a structuredframe-
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work within which earconmelodiescan be composed.
This has the adwantagethat the combinationof such
earconssoundsconsonantor dissonantdependingon

whetherthetwo earconsarecompatiblewith eachothet

Musicalgrammarsarepowerful enoughto describemore
comple structural combinationsthan those described
herein. It is hopedthat further researchwill reveal how
thesegrammarsanbeputto useto benefitauditoryinter
faces.
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