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ABSTRACT

We present several studies that investigate how people use
audio documents and uncover new principles for design-
ing audio navigation technology. In particular, we report
on an ethnographic study of voicemail users, experimental
studies of human voicemail processing and the design of
a new structural browser that embodies principles learned
from the forementioned empirical studies. Specifically, our
studies show that the reinforcement of audio memory and
appropriate definition of content-based playback units are
important properties of interfaces suited to human audio
processing behaviors.

1. INTRODUCTION

This paper presents several studies investigating how peo-
ple use audio documents, such as voicemail and recordings
of lectures and meetings. Our empirical and experimen-
tal findings suggest new directions for the design of audio
navigation technology. Below, we first report on an ethno-
graphic study exploring the behaviors and needs of users of
current voicemail technology. To constrain design choices
for better technology, we then study how people navigate
through audio and how they perform basic information
processing tasks on a voicemail corpus. Observations and
analyses from the user experiments lead to new principles
of design for audio document interfaces. These principles
are embodied in a prototype structural audio browser that
we propose as a new interface for voicemail archives.

The research in this paper is part of a larger project
at AT&T Labs called SCAN (Speech and Content-based
Audio Navigation). The SCAN project addresses issues
of pre-processing speech for presentation in interfaces,
methods for retrieving speech documents, and the design
of speech document applications and the interfaces them-
selves, which is the focus of this paper. The voicemail do-
main was chosen as one area of investigation within SCAN
because voicemail is a ubiquitous and heavily used speech
technology, yet the usability of voicemail and the relatively
slow development of voicemail technology remain frustrat-
ing to those who rely on it as an important means of spoken
communication.

2. PREVIOUS WORK

In recent years, various systems have been built to enable
capture and browsing of spoken conversational data from
meetings and recorded lectures [6, 9, 10, 17, 15], and per-
sonally dictated information [2, 13]. Other systems allow
search of multimedia archives of television programmes

[5, 11] and videomail [8]. While extensive evaluations of
this technology remain to be carried out, naturalistic stud-
ies of audio browsing systems demonstrate their effective-
ness in helping users produceaccurate meeting summaries
[10, 15, 16]. These and other studies also showed that in-
dexed audio produces more accurate recall, although users
may take longer to retrieve information [9, 15]. Several
factors that may influence browsing behavior have been
identified: (a) familiarity with subject matter: knowledge-
able users are more likely to skip portions of the audio
record when replaying [10] and they generate more effec-
tive queries when searching the record [9]; (b) type of re-
trieval task: audio search behaviors differ when users are
trying to summarize as opposed to extract verbatim infor-
mation from the audio record [10, 15]; (c) presence and
type of audio indices provided: cue utility is esoteric, with
different users relying on different types of cue [9]; (d)
availability of segmental information: users find it easier
to navigate the record when structural information is pro-
vided [1]. However, these studies also identify severe dif-
ficulties that users experience with speech browsing and
search which may compromise the utility of these systems.
The first problem is navigational: users often report losing
track of the current audio context [12, 1], and being un-
able to determine the sequence and structure of different
elements of the audio record [3, 4]. A second set of prob-
lems concern search: users seem to be poor at generating
effective key word search queries, and find it hard to ex-
ploit system-generated key word indices. These problems
are exacerbated when search material is unfamiliar [9].

3. HOW PEOPLE USE VOICEMAIL

We carried out a naturalistic or ethnographic study of 782
voicemail users, in which we identified a set of strate-
gies people used to access a real audio archive, and doc-
umented the problems users experience in accessing that
archive [7, 14]. The study consisted of collecting and ana-
lyzing (1) server data and usage statistics for 21 days; (2)
questionnaire data from 133 high volume users (i.e. peo-
ple who received more than 10 messages per day) prob-
ing their strategies for retrieving, archiving and managing
voicemail data, and the extent of their use of existing fea-
tures and capabilities available in their voicemail system;
and (3) interview data with 15 high volume users exploring
questions of their technology use in depth.

The ethnographic study revealed that users encoun-
tered two major search problems: scanning and informa-
tion extraction. The first kind of search, scanning, is nec-
essary to relocate messages already received, or to quickly
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overview the contents of the voicemail archive under time
constraints, for example, in between meetings or in transit.
The interview data indicated that voicemail messages con-
tain complex information, and are on average 30 seconds
to 2 minutes in length for all users. Some users attempt
to memorize the serial position of messages. However,
these users are in the minority as 76% of survey respon-
dents report that “listening to each message in sequence”
is their standard procedure for finding archived messages.
When scanning, users rarely make use of advanced sys-
tem functionality, such asaccess to header information or
faster playback, but rather rely on strategies such as listen-
ing for a certain speaker's voice in the first few seconds of
a message.

The second search problem involves extracting infor-
mation from the relevant message once it has been iden-
tified. Users report this is a laborious process, involv-
ing repeated playing of message parts while information
is transcribed or committed to memory. In fact, 72% of
survey respondents report “almost always” taking written
notes while listening to voicemail messages. Sometimes,
listeners seek specific facts; at other times, they seek to be
reminded of the gist of the message, especially when pro-
cessing a voicemail archive after a short time period away.
Again, when extracting information, users rarely make use
of advanced system functionality, such as skipping ahead
or backward (by 3 seconds), or slowing down the playback
rate (e.g. when trying to write down notes). The essentially
linear access methods to voicemail archives seem to lead
to strategies of serial access during scanning, as well as
serial, repeated listenings to specific voicemail messages
during information extraction.

4. HUMAN PROCESSING OF AUDIO

The fact that users do not exploit advanced functionality in
existing technology is a curious one, especially given that
they deem voicemail to be a laborious if necessary infor-
mation technology. To determine whether audio naviga-
tion functionality could be better designed to suit users'
reported needs, we undertook an experimental study of
voicemail processing by experienced voicemail users.

4..1 The Experimental Design

Fourteen users were given a set of tasks involving access to
a relatively small audio database and two relatively simple,
underspecified GUI interfaces to that database. Crucially,
the interfaces allowed for randomaccess and random play-
back of speech messages, as well as providing limited ba-
sic access and playback functions. One reason for keeping
the interfaces as simple as possible was to allow users to
evolve their own strategies for processing voicemail given
unrestricted access and playback capabilities. Further, the
ethnography indicated that even highly experienced users
make little use of sophisticated features such as scanning,
speed up/slow down, or skip forward/back [7]; indepen-
dent informal evaluations of complex speech UIs reveal
that advanced browsing features are often not well un-
derstood by users, and do not necessarily improve search
[1, 5]. Given the unclear benefits of complex features, we

wanted to establish baseline data for speech retrieval us-
ing a simple prototype. Finally, the features we tested will
most likely be part of any browsing interface, and thus are
of general interest.

In the experimental design, we focussed first on how
access is affected by two factors, task type and familiar-
ity of material. While previous research has suggested that
these factors affect browsing, no detailed evaluation has
been done. Second, we investigated the impact of two
browser features, topic structure and play duration. Sim-
ilarly, the impact on browsing and their interaction with
task and familiarity has not been systematically tested.
Our hypotheses were that (a) search efficiency (i.e. num-
ber of search operations and search time) depends on the
amount of speech information users must access: summary
tasks requiring access to an entire topic will less efficient
than search for two specific facts, which in turn will be
less efficient than search for one fact; (b) familiar mate-
rial will elicit more efficient search; (c) providing informa-
tion about where topics begin will increase the efficiency of
search; and, (d) short duration fixed play intervals will be
used for identifying relevant topics, whereas longer fixed
play durations will be used for search within a topic.

Fourteen people were given a speech archive, consist-
ing of eight voicemail messages, ortopics, appended to-
gether in one audio file 236.3 seconds long. Usersaccessed
the archive to answer sixteen questions about the eight top-
ics. These questions were based on retrieval tasks identi-
fied as common in our naturalisticstudy of voicemail users.
There were three types of task: Four questions required
users to access one specific fact, e.g. a date orphone num-
ber from a topic (1fact), a further four required access of
two such facts (2fact), and eight questions required users
to reproduce the gist of a topic (summary). The first eight
questions required users to access each of the eight topics
once, and questions 9 through 16 requiredeach topic to be
accessed again. To investigate the effects of familiarity we
compared users' performance on the first eight versus the
second eight of the sixteen questions.

Users were given one of two GUI browsers:basicand
topic. Both browsers represent the entire speech archive
as a rectangular strip and permit randomaccess to it: users
can select any point in the archive and play from that point
(e.g. inserting the cursor halfway across the strip begins
play halfway through the archive). For both browsers,
users then select one of three play durations:play short
(3 seconds),play long(10 seconds) andplay to end (un-
restricted play until play is manually halted by the user).
Thetopic browser further allows the user to select a given
topic by serial position (e.g. topic, or, message 1); play
will then begin at the start of that topic/message.

Users were given 5-10 minutes on practice tasks before
the experiment. After it, we gave users a memory test, ask-
ing them to recall the content, name of caller and serial po-
sition ofeach topic. We then administered a questionnaire
eliciting reactions to browser features and comments about
the tasks. We logged the number and type ofeach play op-
eration, duration and location of played speech within the
archive, and time to answer each question. The results for



eachhypothesis follow and all differences discussed are
statistically significant at p< 0.05, using ANOVA.

4..2 Experimental Results

As we had expected,1fact tasks were answered more effi-
ciently than both other tasks (see Table 1). However, con-
trary to expectations,summary was more efficient than
2fact, despite requiring access to more information. The
results indicate that performance depends both on the type
and the amount of information users mustaccess. User
comments revealed why2fact were so difficult: with sum-
maries it was possible to remember several pieces of ap-
proximate information. 2fact questions required com-
plex navigation within topic and the additional precision
required to retain verbatim information often meant that
users forgot one fact while searching for the second and
had to relocate the fact they had just forgotten. The user
logs reveal problems of forgetting and relocating prior
facts. In the course of answering each2fact question users
actually played the two target facts a combined total of 7.9
times. In contrast target facts for1fact tasks were only ac-
cessed 1.5 times and topics 2.9 times forsummary tasks.

Task Number of Operations Solution Time
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)

Table 1: Effects of Task, Familiarity and Topic Structure
on Retrieval Efficiency, with Relevant F ANOVA Values

As we had suspected, in general, familiar material
elicited more efficient search. To investigate more deeply
justhow this effect was produced, we then separated over-
all search operations into: the identification of the relevant
topic and the actual extraction of the information required
to complete the task, i.e., finding the answer within the tar-
get topic. We then found that familiarity only improved the
speed of topic identification, but had no effect on informa-
tion extraction once the relevant source had been identified.

Users made frequent use of topic boundary informa-
tion. Although randomaccess was available with the topic
browser, users only employed it for 33% of their access
operations. Furthermore, users' comments about the topic
boundary feature were highly positive. Despite this pos-
itive feedback however, we found that topic-basedaccess
seemed less efficient than randomaccess: users with ac-
cess to topic delimiters took more operations although less
time to answer questions than other users. Why might
this counter-intuitive result have occurred? Post-hoc tests
showed that topic browser users had worse memory for the
eight topics than simple browser users. Users of the ba-
sic browser reported making strenuous efforts to learn a

mental model of the archive. In contrast, reliance on topic
structure may permit topic browser users never to do so.

Play duration behavior was independent of whether
search was within or outside topic. Furthermore, there
was little use of either of the fixed play operations: all
users preferred unrestricted play. In the final question-
naire, users reported that fixed duration options reduced
their comprehension by truncating topic playback in un-
predictable places. They preferred the greater control of
unrestricted play, even though this meant the overhead of
stopping play explicitly.

From these experiments we conclude, first, that users
were much better at comprehending the overall structure
of the archive, including the order and gist of topics, than
they were at navigating more locally, within a given topic,
to find particular pieces of information. They were un-
able, for example, to relocate previously accessed infor-
mation within topic for2fact tasks, and showed no famil-
iarity effects for search within topic. Second, our sampling
results suggest that users overwhelmingly reject fixed du-
rationskimsof salient speech information, when given an
alternative more within their control. Instead of fixed in-
terval skimming, users prefer to access salient speech by
controlling the precise playback duration themselves, even
though this may involve more effort on their part to start
and stop play. And third, providing topic boundaries may
be of limited value: although users all like this feature
(and those who participated in the basic browsing condi-
tion specifically requested it), heavy use of such signposts
may make it more difficult for users to learn the contents
of the archive. It appeared that the segmentation provided
was at too coarse a level of granularity to provide much
additional navigational power.

5. DESIGN OF NEW TECHNOLOGY

The user experiments provided important insights into hu-
man processing of audio. First, it seems that users famil-
iarize themselves with audio archives and their contents by
repeated listenings. Yet, in current interfaces they havelit-
tle control over how they listen, confined to a tape player
model of (mostly) linear playback. A good scanning inter-
face would improve the user's memory of the audio by se-
lective repetition of memorable parts of the audio. Second,
counter to expectations, fixed duration play commands,
such as playing a short segment or long segment, do not
satisfy user's needs to sample audio or absorb audio con-
tents respectively. Rather, especially when extracting in-
formation, users seem to prefer hearing coherent stretches
of audio messages; if they are longer than need be, listeners
simply tune out and tune in to the audio stream according
to their task needs. Users reported that it would be highly
desirable to have meaningful or important parts of the mes-
sages identified; in contrast, it did not seem meaningful to
determine ahead of time the length of audio to be played,
partly because message contents and structure could not be
reliably committed to memory.

In sum, signposting information needs to be identified
and reinforced, based on message content and not strictly
temporal units. To explore different avenues for signpost-
ing, we developed a structural voicemail browser that uti-



lizes a more sophisticated, fine-grained notion of topic
segment than simple message boundaries. The structural
browser is shown in Figure 1.

Figure 1: Voicemail Structural Browser

In our ethnography, we learned that callers typically
leave their messages in certain standard ways, with return
telephone numbers and names at the beginning and end
of messages, for example, and with content arranged in
somewhat predictable fashion. So we prepared hand label-
ings of our test voicemail messages, identifying the follow-
ing parts within each message:greeting, “Hi, Jim”; caller
identification (ID) , “It's Valerie from the Customer Care
committee”; topic, “I' m calling about the meeting next
week”; deliverables, “Can you call Joan and make sure
she' ll have the numbers by then?”; andclosing“Bye now.”
While we have tested this interface only informally, the
addition of semantic categories as signposts to browsing
through a series of messages seems much more useful than
simply iterating through messages by start of message. A
browse through caller ID phrases, for example, quickly
identifies messages by caller, while browsing through top-
ics or deliverables serves the same function by topic. And
playing caller ID, topic and deliverables provides a very
effective summary for most messages.

In addition, instead of providing fixed duration play-
back capabilities, we introduced playbackloops, which it-
erate through the messages from the current location in the
archive to the end, playing specific parts of each message.
Playback loops foreach type of message part and two com-
binations of message parts are provided, includingopen-
ings (greetings, caller ID),topics, deliverables, closings
andsummaries(caller ID, topics, deliverables). The play-
back loops capture the kind of repeated serialaccess be-
haviors reported by users in the ethnography and observed
in the experiments. Besides automating a new kind of lis-
tening strategy, they allow for efficient reinforcement of
audio memory, organized along semantic dimensions.

Of course, even this outwardly simple identification of
topic structure is beyond the capability of existing technol-
ogy. However, we are currently collecting and annotating
a voicemail corpus with the goal of automating this kind
of structural browsing. Ongoing work is focused on apply-
ing segmentation algorithms to determine topic structure
within messages, using transcriptions from an automatic
speech recognizer as well as the acoustic-prosodic features

of the speech directly. We are also exploring the general-
ity of our findings by conducting related audio information
processing experiments on an audio database of broadcast
news.
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