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Abstract

Increasing amounts of public, cor-
porate, and private audio data are
available electronically. However,
they are limited in their usefulness
by the lack of tools to browse and
search them. In this paper we de-
scribe SCANMail, a system that em-
ploys automatic speech recognition,
information retrieval, information
extraction, and human computer in-
teraction technology to allow users
to browse and search their voice-
mail messages by content. SCAN-
Mail also provides note-taking ca-
pabilities as well as browsing and
querying features. A Callerld server
suggests caller names from existing
caller acoustic models and is trained
via user feedback. An Email server
sends the original message plus its
transcription to a mailing address
specified in the user’s profile.

1 Introduction

With decreasing storage costs, increasing
amounts of public, corporate, and private au-
dio, such as news and entertainment broad-
casts, recorded audio conferences and focus
groups, voicemail, are becoming available for
search. But methods for searching audio cor-
pora are far inferior to methods for searching
text. Below, we describe a system for brows-
ing and searching in a widely used speech ap-
plication, voicemail.

This system follows a general approach to
searching speech by content developed earlier

at Cambridge University (Brown et al., 1994)
for voicemail and extended to the broadcast
news domain in the NIST TREC Spoken Doc-
ument Retrieval effort (Garofolo, Auzanne,
and Voorhees, 2000). Our current work em-
ploys new acoustic modeling techniques for
a multi-media mail domain; uses information
extraction strategies for locating key pieces
of information in messages; proposes caller
identification for messages based upon acous-
tic data; and develops and extensively tests
graphical user interfaces to enhance these
tasks. Our work is based upon a larger study
of voicemail users, including 15 interviews,
server data from 783 active users and a sur-
vey of 133 high volume users (Whittaker,
Hirschberg, and Nakatani, 1998a), and exper-
iments designed to identify problems in au-
dio navigation (Whittaker, Hirschberg, and
Nakatani, 1998b). This paper discusses cor-
pus on which our system was trained, as well
as the component parts of SCANMail.

2 The Corpus

The SCANMail training corpus was collected
from 140 AT&T employees who volunteered
their voicemail inboxes for the collection.
Collection took place during a twelve-week
period in early 1998. 105 hours of mes-
sages were collected, transcribed, and iden-
tified wherever possible as to caller, gender,
age (adult/child), native/non-native speaker,
and recording condition (e.g. cell phone).
Some kinds of information was also labeled,
to serve as training material for informa-
tion extraction experiments, including greet-
ings (e.g. “Hi how are you.”), caller identi-
fication segments (e.g. “It’s Molly.”), tele-
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Figure 1: The SCANMail User Interface

phone numbers, times, dates, and closings
(e.g. “Bye bye.”). The final corpus, with du-
plicates (broadcast and forwarded messages)
excluded, includes approximately 100 hours
of speech, with 10,000 messages from approx-
imately 2500 speakers. Most (about 90%)
of the messages were recorded from regu-
lar handsets, and the rest from cellular and
speaker-phones. The corpus is roughly gen-
der balanced, with about 12% of the messages
coming from non-native speakers. Mean du-
ration of messages was 36.4 seconds and me-
dian was 30.0 seconds.

3 The SCANMail System

SCANMail uses automatic speech recognition
(ASR), information retrieval (IR), informa-
tion extraction (IE), and human computer
interaction technology to enhance user ac-
cess to their voicemail messages through a
graphical user interface (GUI). Access to mes-
sages and information about them is pre-
sented to the user via a Java applet running
under Netscape. Figure 1 shows the SCAN-
Mail GUI. Voicemail messages are retrieved
from the Avaya voicemail system, Audiz, via
a POP3 server. Messages are stored in the
SCANMail message store and processed by a
number of SCANMail components. Figure 2
shows the architecture of the system.

New messages are processed initially by an
ASR server, which transcribes them (shown
in Figure 1), so that messages can be read

IR Server

Figure 2: The SCANMail Architecture

or played, in whole or in part. The tran-
script is then indexed by the IR server, so
that messages can subsequently be searched
by content. The Email server sends the origi-
nal message plus its ASR transcription to an
email address specified in the user’s profile.
A Callerld server suggests a caller identifica-
tions by comparing the new message to acous-
tic models stored in its inventory for callers
previously identified by the user as having left
messages; users provide feedback on Callerld
hypotheses so that the server can refine its ini-
tial models and create new ones. The SCAN-
Mail GUI provides access to all this informa-
tion, as well as to the messages themselves,
and to header information available from Au-
dix itself or the PBX. The GUI also supports
electronic note-taking capabilities as well as a
variety of random access playing and querying
features.

3.1 Automatic Speech Recognition

In SCANMail, messages are first retrieved
from a voicemail server, then processed by the
ASR server that provides a transcription for
use by the IE, IR, Email and Callerld servers.
The acoustic and language models of the rec-
ognizer, as well as the extraction and infor-
mation retrieval techniques of the IE and IR
servers are trained on 60 hours of the corpus
described in Section 2. The ASR system it-
self uses a rescoring framework, where word
graphs constructed by the baseline system
are used as grammars for subsequent search
passes. The system uses a 14,000 word vocab-
ulary, automatically generated by the AT&T



(Beutnagel et al., 1999) Labs NextGen Text
To Speech system. The language model, a
Katz-style backoff trigram model, is trained
on 700,000 words from the training set tran-
scriptions. The ASR word-error rate in the
current implementation, tested on a 40 hour
test set, is 34.9%. The ASR server, running
on a 667 MHz 21264 Alpha processor, cur-
rently produces the final transcripts in ap-
proximately 20 times real-time. Details of this
system are presented in (Bacchiani, 2001).

3.2 Information Retrieval

Messages transcripts are next indexed by the
IR server using the SMART IR (Salton, 1971;
Buckley, 1985) engine, which is based on the
vector space model of information retrieval.
SMART generates weighted term vectors for
the message transcriptions, after tokenizing
them, removing words on its stop-list of com-
mon terms, and stemming the resulting text.
When the IR server executes a query, query
terms are similarly converted into weighted
term vectors and vector inner-product sim-
ilarity comparison is used to rank messages
in terms of their relevance to the query. In
the SCANMail GUI, a search window then
presents these results, with query terms color
coded in the query itself, in the transcript
and in the message thumbnail representation,
described below. Relevant messages are pre-
sented with the most likely matches appearing
first in the header list of the search window.
Figure 3 shows the result of the query “Con-
tractor estimate” in the SCANMail client.

3.3 Information Extraction

Key information is identified in the ASR. tran-
scription by the IE server, which currently
extracts likely phone numbers identified from
the message body. At present, this is accom-
plished in our production system by recogniz-
ing digit strings and scoring them based on
the sequence length. An improved extraction
algorithm, trained on our hand-labeled voice-
mail corpus, employs a digit string recognizer
combined with a trigram language model,
to recognize strings in their lexical contexts,
e.g. <word> <digit-string> <word>, and
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Figure 3: A SCANMail Query

has just been implemented in the develop-
ment version of SCANMail. In both cases,
the extracted information is made available to
the user in several ways: First, a phone icon
appears in the header of messages for which
potential phone numbers have been extracted;
a rollover feature allows users to view and
play hypothesized numbers with their associ-
ated speech from the header window. Second,
phone icons bracket possible phone numbers
in the transcription. Future information to
be extracted by the IE server includes names,
dates, and times.

4 Caller Identification

The CallerID server suggests likely caller
names in the header window by matching
incoming messages against acoustic models
trained from user-labeled calls. This capa-
bility is based on text independent speaker
recognition techniques applied to voicemail.
A user may label any message he/she has lis-
tened to at least a portion of, providing a
caller name which is then used to create a
new model for that caller or to augment an ex-
isting model. When the cumulative duration
of labeled messages is sufficient (models with
the same user-supplied label are shared across
users), an initial caller model is constructed.
Later messages received by the user will be
processed and scored against this caller model
as well as models for other callers the user



may have labeled messages for. If the best
matching model’s score for an incoming mes-
sage exceeds a decision threshold, the Cal-
lerID server proposes a caller name to the
GUI client. If there is no PBX-supplied iden-
tification (i.e. no caller name supplied from
the owner of the extension for calls internal
to the PBX), the Callerld hypothesis is pre-
sented in the message header, for acceptance
or correction by the user. if there is a PBX-
supplied identification, the Callerld hypothe-
sis appears as the first item in the user’s con-
tact menu, together with all previously iden-
tified callers for that user.

The callers selected by the user for identi-
fication are referred to as ingroup; all other
callers are outgroup. Three types of CallerID
errors are possible: 1) An outgroup caller
can be identified as ingroup: outgroup accep-
tance. 2) An ingroup caller can be identified
as another ingroup caller: ingroup confusion.
3) An ingroup caller can be labelled as “un-
known”: ingroup rejection. A subset of the
training corpus was used to evaluate CallerID
performance. With decision thresholds set
to maintain outgroup acceptance at the rel-
atively low level of 2.7%, ingroup rejection is
11.5% and ingroup confusion is 1.2% for a 20-
caller ingroup. Details of the Callerld process
and performance evaluation are described in
(Rosenberg et al., 2000).

5 The User Interface

The ScanMail GUI provides users with ac-
cess to messages and information about them.
The GUI shows message headers including:
callerid, time and date, length in seconds,
and (if available) telephone icons indicating
extracted telephone numbers, as well as the
first line of any attached note. Users also
are given a thumbnail image of the current
message and its ASR transcription. Any note
attached to the current message is also dis-
played when the message is selected. A search
panel allows users to search the contents of
their mailboxes by typing in any text query
(see Figure 3), with results presented in a new
search window, with keywords color-coded in
the query, transcript, and thumbnail. The

GUTI also supports various audio playing oper-
ations, including playing the entire message or
“audio paragraphs” (paratones) selected from
the transcript. Users can also highlight re-
gions of the transcript and play the segment
of the audio message corresponding to the se-
lected text. Audio play speed can be modified
by the user, who can speed up or slow down
messages using a slider bar.

6 System Evaluation

To decide whether SCANMail is superior for
voicemail access to current touchtone phone
interfaces, we conducted a user study compar-
ing SCANMail to over-the-phone Audix ac-
cess. Eight subjects performed a set of fact-
finding, message identification, and summa-
rization tasks on artificial mailboxes of twenty
messages each, using either SCANMail or Au-
dix access. Each subject used both systems,
with the order of system type, task, and inbox
systematically varied. For the fact-finding
task, users were asked to find two facts which
appeared in some message in the inbox, such
as the room number of a meeting and the
title of a talk they had been asked to give.
For the message identification task, they were
asked to identify the most relevant message
to answering a particular question, such as
how to replace a lost badge, when there were
multiple messages relevant to this question.
For the summarization task, they were asked
to summarize a particular message, e.g. to
summarize directions to an off-site meeting.
All eight subjects had used the regular voice-
mail system, although none had previously
seen SCANMail. To address this discrepancy
somewhat, they were given brief tutorials in
both the voicemail system and in SCANMail
at the beginning of the experiment.

We initially hypothesized that SCANMail
would permit users to perform all tasks faster
and more correctly than the regular voice-
mail system. We expected greater advantages
for the fact-finding and message identification
tasks, since these required users to find par-
ticular messages, as well as to locate informa-
tion in them. Thus, SCANMail’s search ca-
pabilities should provide an improvement over



standard voicemail serial search.

We collected both objective and subjec-
tive measures. The objective measures in-
cluded time to completion of task, quality of
answer (hand-scored by the experimenters),
and a combined measure of “quality of an-
swer/time”. The subjective measures were
collected from questionnaires subjects filled
out after completion of each task and at the
end of the experiment. Questions were asked
about how time-consuming the task was felt
to be, how easy, and how useful the interface
was; subjects were also asked to rate each fea-
ture of the interface with respect to the pre-
ceding task and over all.

Results of our experiments confirmed ad-
vantages for SCANMail for both fact-finding
and message identification tasks in the com-
bined quality /time measure (p < .05). Solu-
tions for the fact-finding task were also faster
with SCANMail (p. < .01). And there was a
trend toward a higher combined score across
all task types with SCANMail (p < .09). On
subjective measures, subjects rated SCAN-
Mail higher than regular voicemail access on
all measures. Normalized performance scores
were higher when subjects employ IR searches
that were successful (i.e. the queries they
choose contained words correctly recognized
by the recognizer) (p < .05). Normalized per-
formance scores were also higher for subjects
who listened to less audio (p < .05) — pre-
sumably because they relied more upon the
ASR transcripts. SCANMail’s search capa-
bility, its transcripts, and the playbar were its
most highly rated features; while the note fa-
cility and the thumbnail representation were
not found to be useful for these tasks. In ob-
serving subjects’ performing the tasks, we in-
formally noted that SCANMail’s search capa-
bility could be misleading: When subjects re-
lied upon its accuracy too heavily, they some-
times assumed that they had found all rel-
evant documents after a SCANMail search,
when in fact some were not retrieved (since
query terms in the relevant messages had not
been recognized correctly by the ASR server),
leading to a failure to find desired informa-
tion. Similarly, when subjects trusted their

reading of the (inaccurate) ASR transcripts,
they sometimes missed crucial but unrecog-
nized information.

So, it appears that indeed SCANMail does
indeed offer some increase in efficiency and
a significant increase in user perceived util-
ity over regular voicemail access. A trial of
eighteen “friendly” users accessing their own
voicemail via the prototype has recently been
completed, using a version of the client with
modifications to access functionality which
were suggested by our subject users. A to-
tal of 37 users currently employ SCANMail
to access their voicemail.

7 Discussion

SCANMail integrates speech, computational
linguistics, information retrieval, and human-
computer interaction technologies and re-
search efforts to provide new capabilities for
browsing and searching audio corpora. Our
current prototype system is now used by
“friendly” users at AT&T Labs to access
their voicemail by content via a GUI in-
terface. In this system, messages are pro-
cessed by ASR, IR, IE, and Callerld servers
to produce transcriptions, searchable indices,
extracted phone numbers, and hypothesized
caller identification. The GUI allows a vari-
ety of random access play and search capa-
bilities. We currently have alternative access
interfaces, including an over-the-phone inter-
face and PDA access, in prototype.
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