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ABSTRACT

We presentseveralstudiesthatinvestigatehow peopleuse
audiodocumentsanduncover new principlesfor design-
ing audionavigation technology. In particular, we report
onanethnographicstudyof voicemailusers,experimental
studiesof humanvoicemailprocessingandthe designof
a new structuralbrowserthatembodiesprincipleslearned
fromtheforementionedempiricalstudies.Specifically, our
studiesshow that thereinforcementof audiomemoryand
appropriatedefinitionof content-basedplaybackunitsare
importantpropertiesof interfacessuitedto humanaudio
processingbehaviors.

1. INTR ODUCTION

This paperpresentsseveralstudiesinvestigatinghow peo-
pleuseaudiodocuments,suchasvoicemailandrecordings
of lecturesandmeetings. Our empiricalandexperimen-
tal findingssuggestnew directionsfor thedesignof audio
navigationtechnology. Below, wefirst reportonanethno-
graphicstudyexploringthebehaviorsandneedsof usersof
currentvoicemailtechnology. To constraindesignchoices
for bettertechnology, we thenstudyhow peoplenavigate
through audio and how they perform basic information
processingtaskson a voicemailcorpus.Observationsand
analysesfrom theuserexperimentsleadto new principles
of designfor audiodocumentinterfaces.Theseprinciples
areembodiedin a prototypestructuralaudiobrowserthat
weproposeasanew interfacefor voicemailarchives.

The researchin this paperis part of a larger project
at AT&T LabscalledSCAN (SpeechandContent-based
Audio Navigation). The SCAN project addressesissues
of pre-processingspeechfor presentationin interfaces,
methodsfor retrieving speechdocuments,andthe design
of speechdocumentapplicationsandthe interfacesthem-
selves,which is thefocusof thispaper. Thevoicemaildo-
mainwaschosenasoneareaof investigationwithin SCAN
becausevoicemailis a ubiquitousandheavily usedspeech
technology, yettheusabilityof voicemailandtherelatively
slow developmentof voicemailtechnologyremainfrustrat-
ing to thosewhorely onit asanimportantmeansof spoken
communication.

2. PREVIOUS WORK

In recentyears,varioussystemshave beenbuilt to enable
captureandbrowsingof spokenconversationaldatafrom
meetingsandrecordedlectures[6, 9, 10, 17,15], andper-
sonallydictatedinformation[2, 13]. Othersystemsallow
searchof multimediaarchives of television programmes

[5, 11] andvideomail[8]. While extensive evaluationsof
this technologyremainto becarriedout,naturalisticstud-
iesof audiobrowsingsystemsdemonstratetheir effective-
nessin helpingusersproduceaccuratemeetingsummaries
[10, 15, 16]. Theseandotherstudiesalsoshowedthat in-
dexedaudioproducesmoreaccuraterecall,althoughusers
may take longer to retrieve information [9, 15]. Several
factorsthat may influencebrowsing behavior have been
identified: (a) familiarity with subjectmatter:knowledge-
able usersare more likely to skip portionsof the audio
recordwhenreplaying[10] andthey generatemoreeffec-
tive querieswhensearchingtherecord[9]; (b) typeof re-
trieval task: audiosearchbehaviors differ whenusersare
trying to summarizeasopposedto extractverbatiminfor-
mation from the audio record[10, 15]; (c) presenceand
typeof audioindicesprovided: cueutility is esoteric,with
differentusersrelying on different typesof cue [9]; (d)
availability of segmentalinformation: usersfind it easier
to navigatethe recordwhenstructuralinformationis pro-
vided[1]. However, thesestudiesalsoidentify severedif-
ficulties that usersexperiencewith speechbrowsing and
searchwhichmaycompromisetheutility of thesesystems.
Thefirst problemis navigational:usersoftenreportlosing
track of the currentaudiocontext [12, 1], andbeing un-
ableto determinethe sequenceandstructureof different
elementsof theaudiorecord[3, 4]. A secondsetof prob-
lemsconcernsearch:usersseemto bepoorat generating
effective key word searchqueries,andfind it hardto ex-
ploit system-generatedkey word indices.Theseproblems
areexacerbatedwhensearchmaterialis unfamiliar[9].

3. HOW PEOPLE USEVOICEMAIL

We carriedout a naturalisticor ethnographicstudyof 782
voicemail users,in which we identified a set of strate-
giespeopleusedto accessa real audioarchive, anddoc-
umentedthe problemsusersexperiencein accessingthat
archive [7, 14]. Thestudyconsistedof collectingandana-
lyzing (1) server dataandusagestatisticsfor 21 days;(2)
questionnairedatafrom 133high volumeusers(i.e. peo-
ple who received more than 10 messagesper day) prob-
ing their strategiesfor retrieving, archiving andmanaging
voicemaildata,andtheextentof their useof existing fea-
turesandcapabilitiesavailablein their voicemailsystem;
and(3) interview datawith 15highvolumeusersexploring
questionsof their technologyusein depth.

The ethnographicstudy revealed that usersencoun-
teredtwo major searchproblems:scanningandinforma-
tion extraction. Thefirst kind of search,scanning,is nec-
essaryto relocatemessagesalreadyreceived,or to quickly
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overview thecontentsof thevoicemailarchive undertime
constraints,� for example,in betweenmeetingsor in transit.
Theinterview dataindicatedthatvoicemailmessagescon-
tain complex information,andareon average30 seconds
to 2 minutesin lengthfor all users. Someusersattempt
to memorizethe serial position of messages.However,
theseusersare in the minority as76% of survey respon-
dentsreportthat “listening to eachmessagein sequence”
is their standardprocedurefor finding archivedmessages.
When scanning,usersrarely makeuseof advancedsys-
temfunctionality, suchasaccessto headerinformationor
fasterplayback,but ratherrely onstrategiessuchaslisten-
ing for a certainspeaker's voicein thefirst few secondsof
a message.

The secondsearchprobleminvolvesextracting infor-
mation from the relevant messageonceit hasbeeniden-
tified. Usersreport this is a laboriousprocess,involv-
ing repeatedplaying of messagepartswhile information
is transcribedor committedto memory. In fact, 72% of
survey respondentsreport“almostalways” taking written
noteswhile listeningto voicemailmessages.Sometimes,
listenersseekspecificfacts;at othertimes,they seekto be
remindedof thegist of themessage,especiallywhenpro-
cessingavoicemailarchiveaftera shorttimeperiodaway.
Again,whenextractinginformation,usersrarelymakeuse
of advancedsystemfunctionality, suchasskippingahead
or backward(by 3 seconds),or slowing down theplayback
rate(e.g.whentrying towrite downnotes).Theessentially
linear accessmethodsto voicemailarchivesseemto lead
to strategies of serial accessduring scanning,as well as
serial, repeatedlisteningsto specificvoicemailmessages
duringinformationextraction.

4. HUMAN PROCESSINGOF AUDIO

Thefactthatusersdonotexploit advancedfunctionalityin
existing technologyis a curiousone,especiallygiventhat
they deemvoicemailto be a laboriousif necessaryinfor-
mation technology. To determinewhetheraudionaviga-
tion functionality could be betterdesignedto suit users'
reportedneeds,we undertookan experimentalstudy of
voicemailprocessingby experiencedvoicemailusers.

4..1 The Experimental Design

Fourteenusersweregivenasetof tasksinvolving accessto
arelativelysmallaudiodatabaseandtworelatively simple,
underspecifiedGUI interfacesto thatdatabase.Crucially,
theinterfacesallowedfor randomaccessandrandomplay-
backof speechmessages,aswell asproviding limited ba-
sic accessandplaybackfunctions.Onereasonfor keeping
the interfacesassimpleaspossiblewasto allow usersto
evolve their own strategiesfor processingvoicemailgiven
unrestrictedaccessandplaybackcapabilities.Further, the
ethnographyindicatedthateven highly experiencedusers
makelittle useof sophisticatedfeaturessuchasscanning,
speedup/slow down, or skip forward/back[7]; indepen-
dent informal evaluationsof complex speechUIs reveal
that advancedbrowsing featuresare often not well un-
derstoodby users,anddo not necessarilyimprove search
[1, 5]. Giventheunclearbenefitsof complex features,we

wantedto establishbaselinedatafor speechretrieval us-
ing a simpleprototype.Finally, thefeatureswe testedwill
mostlikely bepartof any browsinginterface,andthusare
of generalinterest.

In the experimentaldesign,we focussedfirst on how
accessis affectedby two factors,tasktype and familiar-
ity of material.While previousresearchhassuggestedthat
thesefactorsaffect browsing, no detailedevaluationhas
beendone. Second,we investigatedthe impact of two
browserfeatures,topic structureandplay duration. Sim-
ilarly, the impact on browsing and their interactionwith
task and familiarity has not beensystematicallytested.
Our hypotheseswerethat (a) searchefficiency (i.e. num-
berof searchoperationsandsearchtime) dependson the
amountof speechinformationusersmustaccess:summary
tasksrequiringaccessto anentiretopic will lessefficient
than searchfor two specificfacts, which in turn will be
lessefficient than searchfor one fact; (b) familiar mate-
rial will elicit moreefficientsearch;(c) providing informa-
tionaboutwheretopicsbeginwill increasetheefficiency of
search;and,(d) shortdurationfixedplay intervalswill be
usedfor identifying relevant topics,whereaslongerfixed
playdurationswill beusedfor searchwithin a topic.

Fourteenpeopleweregivena speecharchive, consist-
ing of eight voicemailmessages,or topics, appendedto-
getherin oneaudiofile 236.3secondslong.Usersaccessed
thearchiveto answersixteenquestionsabouttheeighttop-
ics. Thesequestionswerebasedon retrieval tasksidenti-
fiedascommonin ournaturalisticstudyof voicemailusers.
Therewere threetypesof task: Four questionsrequired
usersto accessonespecificfact,e.g.a dateor phonenum-
ber from a topic (1fact), a further four requiredaccessof
two suchfacts(2fact), andeightquestionsrequiredusers
to reproducethegistof a topic (summary). Thefirst eight
questionsrequiredusersto accesseachof theeight topics
once,andquestions9 through16 requiredeachtopic to be
accessedagain.To investigatetheeffectsof familiarity we
comparedusers'performanceon thefirst eightversusthe
secondeightof thesixteenquestions.

Usersweregivenoneof two GUI browsers:basicand
topic. Both browsersrepresentthe entirespeecharchive
asarectangularstripandpermitrandomaccessto it: users
canselectany point in thearchive andplayfrom thatpoint
(e.g. insertingthe cursorhalfway acrossthe strip begins
play halfway through the archive). For both browsers,
usersthen selectoneof threeplay durations: play short
(3 seconds),play long (10 seconds)andplay to end (un-
restrictedplay until play is manuallyhaltedby the user).
Thetopic browserfurtherallowstheuserto selectagiven
topic by serialposition (e.g. topic, or, message1); play
will thenbegin at thestartof thattopic/message.

Usersweregiven5-10minutesonpracticetasksbefore
theexperiment.After it, wegaveusersamemorytest,ask-
ing themto recallthecontent,nameof callerandserialpo-
sitionof eachtopic. We thenadministereda questionnaire
eliciting reactionsto browserfeaturesandcommentsabout
thetasks.Weloggedthenumberandtypeof eachplayop-
eration,durationandlocationof playedspeechwithin the
archive,andtime to answereachquestion.Theresultsfor



eachhypothesisfollow and all differencesdiscussedare
statistically� significantatp � 0.05,usingANOVA.

4..2 Experimental Results

As wehadexpected,1fact taskswereansweredmoreeffi-
ciently thanbothothertasks(seeTable1). However, con-
trary to expectations,summary was more efficient than
2fact, despiterequiringaccessto moreinformation. The
resultsindicatethatperformancedependsbothon thetype
and the amountof information usersmust access.User
commentsrevealedwhy 2fact weresodifficult: with sum-
mariesit waspossibleto rememberseveral piecesof ap-
proximate information. 2fact questionsrequired com-
plex navigation within topic and the additionalprecision
requiredto retainverbatiminformation often meantthat
usersforgot one fact while searchingfor the secondand
hadto relocatethe fact they hadjust forgotten. The user
logs reveal problemsof forgetting and relocatingprior
facts.In thecourseof answeringeach2fact questionusers
actuallyplayedthetwo targetfactsa combinedtotalof 7.9
times.In contrasttargetfactsfor 1fact taskswereonly ac-
cessed1.5timesandtopics2.9 timesfor summary tasks.

Task Numberof Operations SolutionTime
1fact 2.4 23.0
2fact 4.1 37.6
summary 2.9 (F = 7.43) 32.3(F = 11.7)
familiar 2.1 22.5
unfamiliar 4.1 (F = 35.5) 40.1(F = 36.6)
topic 3.7 30.0
no topic 2.5 (F = 5.09) 32.5(F = 6.60)

Table1: Effectsof Task,Familiarity andTopic Structure
onRetrieval Efficiency, with RelevantF ANOVA Values

As we had suspected,in general, familiar material
elicitedmoreefficient search.To investigatemoredeeply
justhow thiseffectwasproduced,we thenseparatedover-
all searchoperationsinto: theidentificationof therelevant
topic andtheactualextractionof theinformationrequired
to completethetask,i.e.,findingtheanswerwithin thetar-
gettopic.Wethenfoundthatfamiliarity only improvedthe
speedof topic identification,but hadnoeffect on informa-
tion extractiononcetherelevantsourcehadbeenidentified.

Usersmadefrequentuseof topic boundaryinforma-
tion. Althoughrandomaccesswasavailablewith thetopic
browser, usersonly employedit for 33% of their access
operations.Furthermore,users'commentsaboutthetopic
boundaryfeaturewerehighly positive. Despitethis pos-
iti ve feedbackhowever, we found that topic-basedaccess
seemedlessefficient thanrandomaccess:userswith ac-
cessto topicdelimiterstookmoreoperationsalthoughless
time to answerquestionsthan other users. Why might
this counter-intuitive resulthave occurred?Post-hoctests
showedthattopicbrowserusershadworsememoryfor the
eight topics thansimplebrowserusers. Usersof the ba-
sic browser reportedmakingstrenuousefforts to learn a

mentalmodelof thearchive. In contrast,relianceon topic
structuremaypermittopicbrowserusersnever to doso.

Play duration behavior was independentof whether
searchwas within or outsidetopic. Furthermore,there
was little useof either of the fixed play operations:all
userspreferredunrestrictedplay. In the final question-
naire, usersreportedthat fixed durationoptionsreduced
their comprehensionby truncatingtopic playbackin un-
predictableplaces. They preferredthe greatercontrol of
unrestrictedplay, even thoughthis meantthe overheadof
stoppingplayexplicitly.

From theseexperimentswe conclude,first, that users
weremuchbetterat comprehendingthe overall structure
of thearchive, includingtheorderandgist of topics,than
they wereat navigatingmorelocally, within a giventopic,
to find particularpiecesof information. They were un-
able, for example, to relocatepreviously accessedinfor-
mationwithin topic for 2fact tasks,andshowedno famil-
iarity effectsfor searchwithin topic. Second,oursampling
resultssuggestthatusersoverwhelminglyrejectfixeddu-
rationskimsof salientspeechinformation,whengivenan
alternative morewithin their control. Insteadof fixed in-
terval skimming,userspreferto accesssalientspeechby
controllingthepreciseplaybackdurationthemselves,even
thoughthis may involve moreeffort on their part to start
andstopplay. And third, providing topic boundariesmay
be of limited value: althoughusersall like this feature
(andthosewho participatedin the basicbrowsingcondi-
tion specificallyrequestedit), heavy useof suchsignposts
maymakeit moredifficult for usersto learnthe contents
of thearchive. It appearedthat thesegmentationprovided
wasat too coarsea level of granularityto provide much
additionalnavigationalpower.

5. DESIGN OF NEW TECHNOLOGY

Theuserexperimentsprovidedimportantinsightsinto hu-
manprocessingof audio. First, it seemsthatusersfamil-
iarizethemselveswith audioarchivesandtheircontentsby
repeatedlistenings.Yet, in currentinterfacesthey have lit-
tle controlover how they listen,confinedto a tapeplayer
modelof (mostly)linearplayback.A goodscanninginter-
facewould improvetheuser'smemoryof theaudioby se-
lectiverepetitionof memorablepartsof theaudio.Second,
counterto expectations,fixed duration play commands,
suchasplaying a shortsegmentor long segment,do not
satisfyuser's needsto sampleaudioor absorbaudiocon-
tentsrespectively. Rather, especiallywhenextracting in-
formation,usersseemto preferhearingcoherentstretches
of audiomessages;if they arelongerthanneedbe,listeners
simply tuneout andtunein to theaudiostreamaccording
to their taskneeds.Usersreportedthat it would behighly
desirableto havemeaningfulor importantpartsof themes-
sagesidentified;in contrast,it did not seemmeaningfulto
determineaheadof time the lengthof audioto beplayed,
partlybecausemessagecontentsandstructurecouldnotbe
reliablycommittedto memory.

In sum,signpostinginformationneedsto beidentified
andreinforced,basedon messagecontentandnot strictly
temporalunits. To exploredifferentavenuesfor signpost-
ing, we developeda structuralvoicemailbrowserthatuti-



lizes a more sophisticated,fine-grainednotion of topic
segment� thansimplemessageboundaries.The structural
browseris shown in Figure1.

Figure1: VoicemailStructuralBrowser

In our ethnography, we learnedthat callerstypically
leave their messagesin certainstandardways,with return
telephonenumbersand namesat the beginning and end
of messages,for example,and with contentarrangedin
somewhatpredictablefashion.Sowepreparedhandlabel-
ingsof ourtestvoicemailmessages,identifyingthefollow-
ing partswithin eachmessage:greeting, “Hi, Jim”; caller
identification (ID) , “It' s Valeriefrom the CustomerCare
committee”; topic, “I'm calling about the meetingnext
week”; deliverables, “Can you call Joanand makesure
she'll havethenumbersby then?”;andclosing“Bye now.”
While we have testedthis interfaceonly informally, the
addition of semanticcategoriesas signpoststo browsing
throughaseriesof messagesseemsmuchmoreusefulthan
simply iteratingthroughmessagesby startof message.A
browse throughcaller ID phrases,for example, quickly
identifiesmessagesby caller, while browsingthroughtop-
ics or deliverablesservesthesamefunctionby topic. And
playing caller ID, topic anddeliverablesprovidesa very
effective summaryfor mostmessages.

In addition, insteadof providing fixed durationplay-
backcapabilities,we introducedplaybackloops, which it-
eratethroughthemessagesfrom thecurrentlocationin the
archive to theend,playingspecificpartsof eachmessage.
Playbackloopsfor eachtypeof messagepartandtwocom-
binationsof messagepartsareprovided, including open-
ings (greetings,caller ID), topics, deliverables, closings
andsummaries(caller ID, topics,deliverables).Theplay-
back loopscapturethe kind of repeatedserialaccessbe-
haviors reportedby usersin theethnographyandobserved
in theexperiments.Besidesautomatinga new kind of lis-
tening strategy, they allow for efficient reinforcementof
audiomemory, organizedalongsemanticdimensions.

Of course,eventhisoutwardlysimpleidentificationof
topicstructureis beyondthecapabilityof existing technol-
ogy. However, we arecurrentlycollectingandannotating
a voicemailcorpuswith the goal of automatingthis kind
of structuralbrowsing.Ongoingwork is focusedonapply-
ing segmentationalgorithmsto determinetopic structure
within messages,using transcriptionsfrom an automatic
speechrecognizeraswell astheacoustic-prosodicfeatures

of thespeechdirectly. We arealsoexploring thegeneral-
ity of ourfindingsby conductingrelatedaudioinformation
processingexperimentson anaudiodatabaseof broadcast
news.
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