NOW YOU HEAR IT, NOW YOU DON'T: EMPIRICAL STUDIES OF AUDIO BROWSING
BEHAVIOR

ChristineH. Nakatani,Steve Whittakerand Julia Hirschbeg

AT&T Laboratories-Research
180Park Avenue FlorhamPark NJ 07932-0971USA
email: {chn,steen,julia } @reseach.att.com

ABSTRACT

We presenteveral studieshatinvestigatehow peopleuse
audio documentsand uncover new principlesfor design-
ing audio navigation technology In particular we report
on anethnographistudyof voicemailusers experimental
studiesof humanvoicemail processingandthe designof
a new structuralbrowserthatembodiegrincipleslearned
from theforementione@mpiricalstudies . Specifically our
studiesshaw thatthe reinforcementbf audiomemoryand
appropriatedefinition of content-baseglaybackunitsare
importantpropertiesof interfacessuitedto humanaudio
processingehaiors.

1. INTRODUCTION

This paperpresentseveral studiesinvestigatinghow peo-
ple useaudiodocumentssuchasvoicemailandrecordings
of lecturesand meetings. Our empirical and experimen-
tal findingssuggeshew directionsfor the designof audio
navigationtechnology Below, we first reporton anethno-
graphicstudyexploringthebehaiors andneedof usersof
currentvoicemailtechnology To constraindesignchoices
for bettertechnologywe thenstudyhow peoplenavigate
through audio and how they perform basic information
processingaskson a voicemailcorpus.Obsenationsand
analysedrom the userexperimentdeadto new principles
of designfor audiodocumeninterfaces.Theseprinciples
areembodiedn a prototypestructuralaudiobrowserthat
we proposeasanew interfacefor voicemailarchies.

The researchn this paperis part of a larger project
at AT&T Labscalled SCAN (Speechand Content-based
Audio Navigation). The SCAN projectaddressesssues
of pre-processingpeechfor presentationn interfaces,
methodsfor retrieving speecldocumentsandthe design
of speechdocumentapplicationsandthe interfaceghem-
sehes,whichis thefocusof this paper Thevoicemaildo-
mainwaschoserasoneareaof investigatiorwithin SCAN
becausaoicemailis a ubiquitousandheavily usedspeech
technologyyettheusabilityof voicemailandtherelatively
slow developmenbf voicemailtechnologyremainfrustrat-
ing tothosewhorely onit asanimportantmeansf spoken
communication.

2. PREVIOUS WORK

In recentyears,varioussystemshave beenbuilt to enable
captureand browsing of spokencorversationaldatafrom
meetingsandrecordedectureq6, 9, 10, 17, 15], andper
sonallydictatedinformation[2, 13]. Othersystemsallow
searchof multimediaarchves of television programmes

[5, 17] andvideomail[8]. While extensie evaluationsof
thistechnologyremainto be carriedout, naturalisticstud-
iesof audiobrowsingsystemsiemonstraté¢heir effective-
nessn helpingusersgproduceaccurateneetingsummaries
[10, 15, 16]. Theseandotherstudiesalsoshavedthatin-
dexedaudioproducesnoreaccurateecall,althoughusers
may take longerto retrieve information[9, 15. Several
factorsthat may influencebrowsing behaior have been
identified: (a) familiarity with subjectmatter:knowledge-
able usersare more likely to skip portionsof the audio
recordwhenreplaying[10] andthey generatanoreeffec-
tive querieswhensearchinghe record[9]; (b) type of re-
trieval task: audio searchbehaiors differ whenusersare
trying to summarizeasopposedo extractverbatiminfor-
mationfrom the audiorecord[10, 15]; (c) presenceand
typeof audioindicesprovided: cueutility is esotericwith
differentusersrelying on differenttypesof cue[9]; (d)
availability of segmentalinformation: usersfind it easier
to navigatethe recordwhenstructuralinformationis pro-
vided[1]. However, thesestudiesalsoidentify severedif-
ficulties that usersexperiencewith speechbrowsing and
searchwhichmaycompromiseheutility of thesesystems.
Thefirst problemis navigational: usersoftenreportlosing
track of the currentaudio contect [12, 1], andbeing un-
ableto determinethe sequencend structureof different
elementof theaudiorecord[3, 4]. A secondsetof prob-
lemsconcernsearch:usersseemto be poor at generating
effective key word searchqueries,andfind it hardto ex-
ploit system-generatddey word indices. Theseproblems
areexacerbatedvhensearchmaterialis unfamiliar[9].

3. HOW PEOPLE USE VOICEMAIL

We carriedout a naturalisticor ethnographistudyof 782
voicemail users,in which we identified a set of strate-
giespeopleusedto access real audioarchive, anddoc-

umentedthe problemsusersexperiencein accessinghat
archive[7, 14]. Thestudyconsistef collectingandana-
lyzing (1) sener dataand usagestatisticsfor 21 days;(2)

guestionnairelatafrom 133 high volumeusers(i.e. peo-
ple who receved morethan 10 messagegper day) prob-
ing their strategiesfor retrieving, archving andmanaging
voicemaildata,andthe extent of their useof existing fea-
turesand capabilitiesavailablein their voicemail system;
and(3) interview datawith 15 high volumeusersexploring

guestion®f theirtechnologyusein depth.

The ethnographicstudy revealed that usersencoun-
teredtwo major searchproblems: scanningandinforma-
tion extraction. The first kind of searchscanningjs nec-
essanto relocatemessagealreadyreceved,or to quickly



overview the contentsf the voicemailarchive undertime
constraintsfor example,in betweermeetingsor in transit.
Theinterview dataindicatedthatvoicemailmessageson-
tain complex information,andare on average30 seconds
to 2 minutesin lengthfor all users. Someusersattempt
to memorizethe serial position of messages.However,
theseusersarein the minority as76% of surey respon-
dentsreportthat “listening to eachmessagén sequence”
is their standardbrocedurdor finding archved messages.
When scanning,usersrarely makeuseof adwancedsys-
temfunctionality, suchasaccesgo headeilinformationor
fasterplayback put ratherrely on stratgiessuchaslisten-
ing for a certainspeakes voicein thefirst few second®of
amessage.

The secondsearchprobleminvolvesextracting infor-
mationfrom the relevant messagenceit hasbeeniden-
tified. Usersreport this is a laborious process,involv-
ing repeatedlaying of messaggartswhile information
is transcribedor committedto memory In fact, 72% of
suney respondentseport“almostalways”taking written
noteswhile listeningto voicemailmessagesSometimes,
listenersseekspecificfacts;at othertimes,they seekto be
remindedof the gist of the messagegspeciallywhenpro-
cessingavoicemailarchive aftera shorttime periodaway.
Again, whenextractinginformation,usersarelymakeuse
of advancedsystemfunctionality, suchas skippingahead
or backwardby 3 seconds)or slowing down the playback
rate(e.g.whentrying towrite down notes).Theessentially
linear accesanethodsto voicemailarchives seemto lead
to stratgies of serial accesduring scanning,aswell as
serial, repeatedisteningsto specificvoicemailmessages
duringinformationextraction.

4. HUMAN PROCESSING OF AUDIO

Thefactthatusersdo notexploit advancedunctionalityin
existing technologyis a curiousone,especiallygiventhat
they deemvoicemailto be a laboriousif necessarynfor-
mationtechnology To determinewhetheraudio naviga-
tion functionality could be betterdesignedto suit users'
reportedneeds,we undertookan experimentalstudy of
voicemailprocessindy experienced/oicemailusers.

4..1 The Experimental Design

Fourteerusersveregivenasetof tasksinvolving accesso
arelatively smallaudiodatabasandtwo relatively simple,
underspecifie@ Ul interfacego that databaseCrucially,
theinterfacesallowedfor randomaccessndrandomplay-
backof speechmessagesswell asproviding limited ba-
sic acces@ndplaybackfunctions.Onereasorfor keeping
the interfacesassimpleaspossiblewasto allow usersto
evolve their own stratgiesfor processing/oicemailgiven
unrestrictecaccessandplaybackcapabilities.Further the
ethnographyndicatedthat even highly experiencedusers
makelittle useof sophisticatedeaturessuchasscanning,
speedup/slov down, or skip forward/back[7]; indepen-
dentinformal evaluationsof complex speechUls reveal
that advancedbrowsing featuresare often not well un-
derstoodby users,anddo not necessarilymprove search
[1, 5]. Giventheunclearbenefitsof complex featureswe

wantedto establishbaselinedatafor speeclretrieval us-
ing a simpleprototype.Finally, the featureswve testedwill
mostlikely be partof ary browsinginterface,andthusare
of generalnterest.

In the experimentaldesign,we focussedirst on how
accessds affectedby two factors,tasktype and familiar-
ity of material.While previousresearchassuggestethat
thesefactorsaffect browsing, no detailedevaluationhas
beendone. Second,we investigatedthe impact of two
browserfeaturestopic structureand play duration. Sim-
ilarly, the impact on browsing and their interactionwith
task and familiarity has not been systematicallytested.
Our hypothesesverethat (a) searchefficieng (i.e. num-
ber of searchoperationsand searchtime) dependsn the
amounbf speechnformationuseramustaccesssummary
tasksrequiringaccesgo an entiretopic 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-
tionaboutwheretopicsbegin will increaseheefficieng of
searchand,(d) shortdurationfixed play intervalswill be
usedfor identifying relevant topics, whereadongerfixed
play durationswill beusedfor searchwithin atopic.

Fourteenpeopleweregivena speecharchive, consist-
ing of eight voicemailmessagesr topics, appendedo-
getherin oneaudiofile 236.3second$ong. Usersaccessed
thearchie to answessixteenquestiongbouttheeighttop-
ics. Thesequestionsverebasedon retrieval tasksidenti-
fiedascommonin ournaturalisticstudyof voicemailusers.
Therewere threetypes of task: Four questionsrequired
userdo acces®nespecificfact, e.g.a dateor phonenum-
berfrom atopic (1fact), a furtherfour requiredaccesof
two suchfacts(2fact), and eight questiongequiredusers
to reproducehe gist of atopic (summary). Thefirst eight
guestiongequiredusersto acces®achof the eighttopics
once,andquestion® through16 requiredeachtopicto be
accessedgain.To investigatehe effectsof familiarity we
comparedisers'performanceon thefirst eightversusthe
seconceightof the sixteenquestions.

Usersweregivenoneof two GUI browsers:basicand
topic. Both browsersrepresenthe entire speecharchive
asarectangulastrip andpermitrandomaccesgo it: users
canselectary pointin thearchive andplay from thatpoint
(e.g. insertingthe cursorhalfway acrossthe strip begins
play halfway throughthe archive). For both browsers,
usersthen selectone of threeplay durations: play short
(3 seconds)play long (10 secondspndplay to end (un-
restrictedplay until play is manuallyhaltedby the user).
Thetopic browserfurtherallowstheuserto selectagiven
topic by serial position (e.g. topic, or, messagd); play
will thenbegin atthe startof thattopic/message.

Usersweregiven5-10minuteson practicetasksbefore
theexperiment.After it, we gave usersamemorytest,ask-
ing themto recallthecontenthameof callerandserialpo-
sition of eachtopic. We thenadministered questionnaire
eliciting reactiondo browserfeatureandcommentabout
thetasks.We loggedthe numberandtype of eachplay op-
eration,durationandlocationof playedspeectwithin the
archive, andtime to answereachquestion.Theresultsfor



eachhypothesisfollow and all differencesdiscussecdare
statisticallysignificantat p < 0.05,usingANOVA.

4..2 Experimental Results

As we hadexpected 1fact taskswereanswerednoreeffi-

ciently thanboth othertasks(seeTable1). However, con-
trary to expectations,summary was more efficient than
2fact, despiterequiringaccesgo moreinformation. The
resultsindicatethatperformancalependdothonthetype
and the amountof information usersmust access. User
commentgsevealedwhy 2fact weresodifficult: with sum-
mariesit was possibleto remembeiseveral piecesof ap-
proximate information. 2fact questionsrequired com-
plex navigation within topic and the additionalprecision
requiredto retain verbatiminformation often meantthat
usersforgot one fact while searchingor the secondand
hadto relocatethe fact they hadjust forgotten. The user
logs reveal problemsof forgetting and relocating prior

facts.In thecourseof answeringeach2fact questiorusers
actuallyplayedthe two tametfactsa combinedotal of 7.9
times.In contrastametfactsfor 1fact taskswereonly ac-
cessed.5timesandtopics2.9timesfor summary tasks.

Task Numberof Operations SolutionTime
1fact 24 23.0
2fact 4.1 37.6
summary 29(F=7.43)| 32.3(F=11.7)
familiar 21 225
unfamiliar 4.1(F=35.5)| 40.1(F=36.6)
topic 3.7 30.0
notopic 2.5(F=5.09) | 32.5(F=6.60)

Table1: Effectsof Task, Familiarity and Topic Structure
on Retrieval Efficiengy, with RelevantF ANOVA Values

As we had suspectedjn general, familiar material
elicited moreefficient search.To investigatemore deeply
justhow this effectwasproducedwe thenseparatedver
all searcloperationsnto: theidentificationof therelevant
topic andthe actualextractionof theinformationrequired
to completethetask,i.e.,findingtheanswemithin thetar-
gettopic. Wethenfoundthatfamiliarity only improvedthe
speedf topicidentification,but hadno effect oninforma-
tion extractiononcetherelevantsourcenadbeeridentified.

Usersmadefrequentuseof topic boundaryinforma-
tion. Althoughrandomaccessvasavailablewith thetopic
browser usersonly employedit for 33% of their access
operations Furthermoreusers'commentsaboutthetopic
boundaryfeaturewere highly positive. Despitethis pos-
iti ve feedbackhowever, we found thattopic-basedaccess
seemedessefficient than randomaccess:userswith ac-
cesdo topic delimiterstook moreoperationslthoughless
time to answerqguestionsthan other users. Why might
this counterintuitive resulthave occurred?Post-hodests
shavedthattopic browserusershadworsememaoryfor the
eight topics than simple browserusers. Usersof the ba-
sic browser reportedmaking strenuousefforts to learna

mentalmodelof thearchive. In contrastyelianceon topic
structuremay permittopic browserusersnever to do so.

Play duration behaior was independenf whether
searchwas within or outsidetopic. Furthermore there
was little use of either of the fixed play operations:all
userspreferredunrestrictedplay. In the final question-
naire, usersreportedthat fixed durationoptionsreduced
their comprehensioiy truncatingtopic playbackin un-
predictableplaces. They preferredthe greatercontrol of
unrestricteplay, even thoughthis meantthe overheadof
stoppingplay explicitly .

From theseexperimentswe conclude first, that users
were much betterat comprehendinghe overall structure
of the archive, including the orderandgist of topics,than
they wereat navigatingmorelocally, within a giventopic,
to find particular piecesof information. They were un-
able, for example,to relocatepreviously accessednfor-
mationwithin topic for 2fact tasks,andshoved no famil-
iarity effectsfor searchwithin topic. Secondpursampling
resultssuggesthat usersoverwhelminglyrejectfixed du-
rationskimsof salientspeecthinformation,whengivenan
alternatve morewithin their control. Insteadof fixed in-
tenval skimming, userspreferto accessalientspeechby
controllingthe preciseplaybackdurationthemseles,even
thoughthis may involve more effort on their partto start
andstopplay. And third, providing topic boundariesnay
be of limited value: althoughusersall like this feature
(andthosewho participatedin the basicbrowsing condi-
tion specificallyrequestedt), heary useof suchsignposts
may makeit moredifficult for usersto learnthe contents
of thearchie. It appearedhatthe segmentatiorprovided
was at too coarsea level of granularityto provide much
additionalnavigationalpower.

5. DESIGN OF NEW TECHNOLOGY

Theuserexperimentgrovidedimportantinsightsinto hu-
manprocessingf audio. First, it seemghat usersfamil-
iarizethemseleswith audioarchivesandtheircontentdy
repeatedistenings.Yet,in currentinterfaceghey have lit-
tle control over how they listen, confinedto a tapeplayer
modelof (mostly)linearplayback.A goodscanningnter-
facewould improve the users memoryof the audioby se-
lective repetitionof memorablgartsof theaudio.Second,
counterto expectations,fixed duration play commands,
suchasplaying a shortsegmentor long segment,do not
satisfyusers needsto sampleaudioor absorbaudiocon-
tentsrespectiely. Rather especiallywhenextractingin-
formation,usersseemto preferhearingcoherenstretches
of audiomessagesf they arelongerthanneedbe, listeners
simply tune outandtunein to the audiostreamaccording
to their taskneeds.Usersreportedthatit would be highly
desirabld¢o have meaningfulorimportantpartsof themes-
sagesdentified;in contrastjt did not seemmeaningfulto
determineaheadof time thelengthof audioto be played,
partly becausenessageontentsandstructurecouldnotbe
reliably committedto memory

In sum,signpostingnformationneedgo be identified
andreinforced,basedon messageontentandnot strictly
temporalunits. To explore differentavenuesfor signpost-
ing, we developeda structuralvoicemailbrowserthat uti-



lizes a more sophisticatedfine-grainednotion of topic
segmentthan simple messagéoundaries.The structural
browseris shavn in Figurel.

of the speechdirectly. We are alsoexploring the general-
ity of ourfindingsby conductingelatedaudioinformation
processingxperimentson anaudiodatabasef broadcast
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Figurel: VoicemailStructuralBrowser

In our ethnographywe learnedthat callerstypically
leave their messagem certainstandardvays,with return
telephonenumbersand namesat the beginning and end
of messagesfor example, and with contentarrangedn
someavhatpredictabldashion.Sowe preparechandlabel-
ingsof ourtestvoicemailmessagesdentifyingthefollow-
ing partswithin eachmessagegreeting “Hi, Jim”; caller
identification (ID), “It' s Valeriefrom the CustomerCare
committee”; topic, “I'm calling aboutthe meetingnext
week”; deliverables “Can you call Joanand makesure
she'll have thenumberdoy then?”;andclosing“Bye now.”
While we have testedthis interfaceonly informally, the
addition of semanticcat@oriesas signpostso browsing

news.
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