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$EVWUDFW
E-MATTER (E-Mail Access through the Telephone Using Speech Technology Resources) is a Trial EC project (IST-1999-21042)
directed to make e-mail universally and seamlessly accessible to a broad population of potential users through an affordable telephone-
based service. Thus, the main objective of E-MATTER was to develop a Spoken Language Dialogue System (SLDS) for an e-mail
access service that uses a multilingual spoken language interface (both input and output) and that takes into account the cultural and
the linguistic diversity nature of the e-mail messages.
This paper addresses the different linguistic resources involved in the design and evaluation of the E-MATTER prototype.  In the first
part of the paper, we describe the guidelines for the design of  the principal linguistic technologies involved in the development of the
system: multilingual speech recognition, multilingual text-to-speech conversion, semantic parsing, dialogue management, language
identification and advanced text verification. Then we present an evaluation methodology we have followed to obtain a complete
analysis of both module deficiencies and global system behaviour. This methodology has been used to show us how to improve the
prototype system, and we hope it will be general enough to be useful for testing other similar SLDS�s.

��� 7KH�(�0DWWHU�6\VWHP
E-MATTER is a multilingual Spoken Language

Dialogue System (SLDS) that provides e-mail access over
the telephone by combining different technologies such as
continuous speech recognition, text-to-speech conversion,
semantic parsing, dialogue management, language
identification and text verification (E-MATTER, 1999).
The user is able to access his e-mail inbox using natural
language over the telephone, select one of the incoming
messages, listen to it, get it replayed and reply it with
voice mail. The system’s users are expected to be rather
varied so the user profile should not be restricted to a
specific user type but allow the user to configure his
profile (native language, e-mail filters, etc). This is done
through a windows-based Internet interface connected
with a user database. The system can read e-mail
messages in all the languages of Spain (Spanish, Catalan,
Galician and Basque) and in two more European
languages (English and French) and the system
architecture has been designed to easily allow the addition
of new languages. Users can interact with the system both
in Spanish and Catalan.

����� *HQHUDO�IXQFWLRQDOLW\
The dialogue follows a menu-like structure so that it is

clear to the user how that structure is built and how to
move up and down in the structure. Although it is similar
to a menu structure, it does not have the restrictions that
such a structure has, but it makes use of the possibilities
natural language offers, i.e. allows shortcuts to traverse
the menu structures.

Before starting the dialogue interaction and answering
the incoming call, E-MATTER connects to a mail-server
to access the user’s e-mail account and download new e-
mails from the inbox. These e-mails are sorted according
to the filters that the user has predefined in the web
interface.  The  system  then  passes  these e-mails to the

e-mail processing system described below to prepare them
for the text-to-speech synthesiser. If the user is registered
and the corresponding e-mail account has been
successfully accessed, the system informs about the
amount of messages stored in the user’s inbox. If the user
has activated some filters, the system also sums up the
messages for each of these folders. The user is allowed to
directly select one or several folders of messages ("I want
to listen to all my job messages") or let the system handle
the entire inbox by reading the e-mail headers and the
corresponding text body one by one. The user is also able
to jump to the next header before a whole header has been
read by using barge-in and it is also possible to get a
header repeated or to go back to the previous one.

(�PDLO�3URFHVVLQJ�6\VWHP
The e-mail processing system receives the e-mails

downloaded from the inbox and prepares them for the
text-to-speech conversion:  First, e-mail is pre-processed
so that it is divided in several parts, i.e. the header, the
body and the attachments.  Then the text body of the e-
mail is converted into plain text. The following step in the
procedure is the language detection by the language
identification system which associates the e-mail with a
particular language. Later, e-mail is filtered from smileys
(such as ":-)"), forwards, lines etc. converting it into a
readable text. Finally, the text is passed over to the text
verification system for that language, which corrects
spelling mistakes that may affect the reading of the e-mail.

5HDGLQJ�DQG�5HSO\LQJ�(�PDLOV
Once the user has chosen which e-mail he wants to

listen to, the e-mail is sent to the appropriate text-to-
speech synthesizer, i.e. a converter that handles the
language that has been detected for that e-mail. The
synthesizer then reads aloud the header and the text body.
If the language detector has not been able to associate the
e-mail with any of the supported languages, the e-mail is



read either in Castilian Spanish or in Catalan the
interaction language selected by the user. Attachments are
notified by giving the type of the attachment and the name
e.g. "The attachment included is a Word document called
file.doc". The only exception are the WAV files, which
are played.

The user has two options to answer an e-mail: sending
a predefined short text message, that indicates that the
user has received and read the e-mail, or sending a voice
message in WAV format.

����� 7H[W�DQG�6SHHFK�7HFKQRORJ\�5HVRXUFHV
Figure 1 shows the block diagram of the system that

illustrates the technologies involved in the project and the
relation between them. The system is divided into two
parts: the dialogue system and the e-mail processing
system.

The dialogue system talks to the user in order to find
out what the user wants, so that it is composed of a
continuous speech recognizer; a semantic parser, that
extracts the functions and arguments (i.e. the meaning)
from the recognized sentence; a dialogue manager, which
depending on the state of the dialogue, the knowledge
about the task and the information obtained by the
semantic parser, either interacts to the user to ask for more
information, contacts the e-mail server or sends an e-mail
message. Finally, the text to speech conversion system
reads aloud the system messages. The e-mail processing
identifies the language of the incoming e-mail message,
automatically detects and corrects the misspelling errors
and reads aloud the e-mail message.

Next, we briefly describe all the modules involved in
the E-MATTER system:

0XOWLOLQJXDO� 6SHHFK� 5HFRJQLWLRQ� DQG� 7H[W�WR�
6SHHFK�&RQYHUVLRQ

E-MATTER has been implemented using the Speech
Recognition and Text-to-Speech technologies developed
by Telef�nica I+D. The Natural Language Speech
Recognition module allows users to communicate with the
e-mail server by voice both in Castilian Spanish and in
Catalan. It is based on context-dependent tri-phones,
represented through Hidden Markov Models (CortÆzar et
al., 2002), and statistical language modelling with tri-
grams working on parts-of-speech clustering. The TTS
system is a concatenative speech synthesis system, that
reads text both in  Castilian Spanish and in Catalan.

6HPDQWLF�3DUVLQJ
E-MATTER is a multilingual SLDS that must be able

to hold dialogues in Spanish as well as in Catalan. This
bilingual feature implies that we need two different
parsers that should be able to produce the same semantic
content.  The Semantic Parser we used is an adapted
version of the Phoenix parser developed at CMU (`lvarez
et al., 1996), that can be described as a frame-basedFRQFHSW�VSRWWLQJ semantic parser. During the
configuration of the semantic parser, as we have to
develop grammars in two different languages, we
designed a grammar structure that easily reflects the type
of sentences that it should accept. We do that by
specifying grammar rules reflecting what kind of specific
dialogue moves or dialogue functions the user will be
allowed to perform. Thus abstract things from language,
and grammars in different languages were constructed
separately. For example, a dialogue move such as
�yanswer� was represented through a grammar rule
YANSWER for all possible ways of answering yes in this
kind of dialogue in one particular language.

’LDORJXH�0DQDJHPHQW
The Dialogue Manager is rule-based and its design is

based on a collaborative dialogue model. According to the
classification of SLDSs proposed by J. Allen (Allen,
1997), it could be described as a system with topic-based
performance capabilities, adaptive single task, a minimal
pair clarification/correction dialogue model and fixed
mixed-initiative (Relaæo et al., 1999).

/DQJXDJH�,GHQWLILFDWLRQ
The automatic language identification module detects

the language of the e-mail text so that the appropriate text-
to-speech synthesiser can be used. This is an important
issue as E-MATTER users in the multilingual
environment can receive e-mails in many different
languages.

The languages that the system  is able to detect are all
the official languages of Spain (Castilian Spanish,
Catalan, Galician and Basque) and initially two other
European languages (English and French).  However, the
identification system is developed in a way that the
adaptation to new languages is easily done. The detecting
algorithms used in the Language Identifier are two: the
first one is based on a language dictionary  (with word
frequencies), the another one is based on a bigram-based
language statistical model. The identification system
classifies the text with a language and with a confidence
value that estimates the credibility of that language
classification.

$GYDQFHG�7H[W�9HULILFDWLRQ
An automatic text verification system for Spanish,

Catalan, and English, is responsible for processing and
correcting the text of the e-mail message. The correction
of spelling errors and typical mistakes improve the quality
of the reading performed by the speech converter.
Additionally, as e-mails normally do not include only
readable characters, the text need to be filtered to clean the
text from typical e-mail garbage such as lines, repeated
exclamation marks (e.g. "!!!!!!"), forwarding marks,
automatic signs at the bottom, e-mail symbols such as
smileys and other characters (e.g. ">>", "¯").

Finally, when the text only consists of readable
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characters the text is sent to the verification system. As far
as English is concerned, a word checker will detect and
correct most common mistakes. For Spanish and Catalan,
a more advanced spelling checker has been designed. In
those cases system proceeds as follows: First, each word
is examined against a fullform database. When finding
non-existing fullforms, the system provides a list of
candidates for substituting the wrong form, together with
their morpho-syntactic information in the form of tags or
labels. This list takes into account both typographical
errors (i.e. character deletion, insertion, substitution and
transposition) and orthographic misspellings (i.e., accents,
dieresis, graphie alternations). Then, a decision
mechanism determines the substitution form. In case of
ambiguity, i.e. more than one substitution candidate is
supplied, the decision mechanism takes into consideration
contextual information for candidates belonging to
different categories, as well as error frequency derived
from the corpus study. In Catalan, for instance, 100% of
ambiguous cases are due to accentuation misspellings.
The system also uses contextual information for checking
that homographs that belong to different categories are
appropriate in a given context.

��� (�0DWWHU�(YDOXDWLRQ
This section describes the different evaluation

techniques we have followed to test both the particular
performance of individual modules and the usability of the
whole system. The usability of the E-MATTER prototype
is measured from two subsets of users: users that follow
two simulated but realistic testing scenarios and real users
that use the system for accessing their e-mail. In this paper
we only describe the evaluation carried out with the first
subset of users.  This evaluation phase has been done in
order to have a preliminary systematic evaluation of the
dialogue system. The results from this evaluation provide
important information to detect and correct deficiencies
both in some particular modules and in the design of the
discourse structure and control strategies implemented by
the prototype dialogue manager. This first diagnosis of the
system has allowed us to tune it before a second
evaluation of the global performance with real users.

An exhaustive evaluation of a SLDS is very costly and
requires to have access to log-files and annotated
dialogues, thus it is generally accomplished only during
the first steps of the design cycle of a new system. In spite
of this, during the deployment of a real system it would be
highly advisable to have some simple procedures for
continuously checking its usability and for discovering

the impact of the performance of its different modules.
Therefore, the evaluation methodology we present here
has also been designed to provide a better insight on how
to track  the usability of the real system. This is carried out
using metrics related to the user�s perceived performance,
that are collected from simple questionnaires filled-up by
a small amount of users.

The evaluation of SLDSs is the subject of active
research due to the lack of a general framework to test and
compare the performance of different systems (Walker et
al., 1998a; Price et al., 1992; Minker, 1998). However,
SLDSs such as E-MATTER, integrate several highly-
specialized Natural Language Processing (NLP) modules
for most of which well-known evaluation procedures
exist. During the evaluation of E-MATTER, we defined a
two-level methodology that we expected to be appropriate
to generalize results for similar systems or environments.
These two levels correspond to module evaluation and
global Spoken Dialogue evaluation respectively.

����� 0RGXOH�(YDOXDWLRQ�/HYHO
At this level, each NLP module integrated under E-

MATTER, was tested in isolation following its
corresponding standard evaluation procedure. As we
explain later, depending on the module characteristics,
testing data was selected from two different sources:
• General task-related data like a corpus of e-mails for

the language identification system or the text
verification module.

• Data extracted from recorded and/or annotated
dialogues collected under the scenarios designed for
testing the  usability of the whole system.

The module evaluation level mainly corresponds to
what is usually referred to as �glass box� evaluation
(Simpson et al., 1993). In our case, we have tested the
performance of the following individual modules:
- Multilingual Speech Recognition System.
- Multilingual Text-to-Speech Conversion System.
- Semantic Parser.
- Language Identification System.
- Multilingual Advanced Text Verification System.

The first three modules, Speech Recognizer, Text-to-
Speech System and Semantic Parser, were tested in the
context of data collected from the evaluation scenarios
defined during the evaluation at dialogue level. These
modules are general ones, but their performance is highly
dependent on the task and their particular configuration in
E-MATTER. This is specially important for the Speech
Recognizer and the Semantic Parser. The remainder
modules, Language Identification and Text Verification,
although being also general ones, have to work with
unrestricted domain data. Therefore, we decided to test
them using a corpus extracted from a real e-mail database
collected at Telef�nica I+D.

����� (YDOXDWLRQ�RI�WKH�(�0$77(5�6/’6
This evaluation was defined at the level of the global

dialogue. In this case, we have followed the PARADISE
framework proposed by (Walker et al., 1998a).
PARADISE tries to include and combine most of the
proposed Spoken Dialogue evaluation procedures both
from the efficiency and performance point of view.
Therefore, several dialogue metrics for task success and
both objective and subjective dialogue costs are
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combined. The final aim of the evaluation procedure is to
statistically describe the correlation between objective and
subjective metrics in order to measure the usability of the
system in terns of user satisfaction. Objective metrics are
mainly derived from log-files generated while the system
is working. They include number of turns, average system
response time and parser and speech recogniser errors.
Subjective metrics require a human evaluator to categorise
an utterance or a dialogue section within the whole
dialogue into two different qualitative dimensions:
inappropriate system response and incorrect speech act
interpretation.

For this evaluation, we relied on our previous
experiences on SLDSs evaluation for ATOS and Voice
Portal systems developed at Telef�nica I+D using the
AGORA spoken dialogue system (Relaæo et al., 1999).
These two agents were developed as prototypes for which
we designed an experimental evaluation procedure to
organize the information collected in log-files during their
evaluation. This experimental evaluation framework has
been already presented in (CharfuelÆn et al., 2000) and
can be summarized in three main aspects: an annotation
schema, an annotation tool and an automatic extraction of
dialogue metrics from annotated corpora. Thus, from
annotated dialogue databases we extract metrics and
statistics like average of user and system turns, number of
tasks completed, usability or user satisfaction, etc. These
metrics are then used to obtain a predictive function of
usability as it is proposed in the PARASISE framework
(Walker et al., 1998b).

For the evaluation of E-MATTER we extended our
previous dialogue annotation scheme, annotation tools and
processing methodology for the evaluation metrics as it is
detailed in (CharfuelÆn et al., 2002). Moreover, this
evaluation also focussed on extending our previous results
applying PARADISE, in three new directions:

1. We have tested the possibilities of using PARADISE
as a model for predicting a SLDSs usability in the
multilingual context of E-MATTER. There are
previous research (Walker et al., 1998b) suggesting
that PARADISE is able to learn a performance
function on data for one system and use that as the
performance function for another system (Walker et
al., 2000). Then we had the opportunity to test if the
usability predictive model of a system can be used to
generalize across a multilingual system.

2. We have applied the multivariate analysis of
PARADISE to obtain a weighted linear combination of
module-related subjective metrics, obtained from
user�s perceptions, as a predictor of the perceived
usability of the system. We hope that in some very
simple �black box� evaluations, where the users only
provide a single value of usability or user satisfaction,
it could be useful to apply the multivariate analysis of
PARADISE as predictor of a single user satisfaction
metric based only on a set of user�s perceived
performances for the different modules of the system
(Speech Recognizer, Dialogue Manager, etc.)

3. We also try to get a better insight into the correlation
between objective metrics related to different modules,
and user�s perceptions on the performance of the same
modules. We have analyzed the correlation between
subjective user�s perception on the behaviour of

different modules and the detailed module-specific
evaluation metrics. This analysis is useful because, as
we have pointed out, we plan to use data from simple
questionnaires filled out by some users as an indicator
that reveals which module(s) need(s) to be improved
during the system development.

��� ([SHULPHQWDO�’HVLJQ
The evaluation was performed as a controlled test in

which a set of subjects interacted with E-MATTER to
complete two realistic scenarios of similar complexity.
We recruited 42 subjects, each one called E-MATTER
twice and used dialogue interaction to look for a particular
e-mail according to 2 scenarios:
- In the first one, the user had to find an e-mail from

his/her office to obtain the date of a future meeting.
Then, the user was requested to reply it using a
predefined text message provided by E-MATTER.

- In the second scenario, the user had to find an e-mail
where his/her friends informed about the date and
place of a party and then, the user had to reply it with a
voiced-recorded message.
All the selected users were unexperienced on the E-

MATTER system and executed 84 tasks. The testing
population was divided into four different subsets in order
to evaluate some features of E-MATTER such as
multilinguality and text verification of e-mails:
• Subset A: 16 users who tested the E-MATTER system

in Spanish and with the text-verification module
enabled.

• Subset B: 10 users (dialogues in Spanish) which tested
an E-MATTER version where barge-in was not
allowed while reading the e-mail headers.

• Subset C: 6 users which tested E-MATTER in Spanish
but the text-verification module was disabled, so that
there were misspelling errors in the e-mails to be read
by the TTS system.

• Subset D: 10 users which tested E-MATTER in
Catalan Language and with the text-verification
module active.
This testing environment allowed us to evaluate the

following characteristics of the system:
• Results from users in Subset A were taken as a basic

reference for the PARADISE predictive model.
Evaluation for Subset B tested the impact of a
particular barge-in policy.

• Results from Subset B were mainly directed to
evaluate the deviation of the system�s performance
related to the value in Subset A, due to the presence of
misspelling errors in the e-mails.

• Finally, results from Subset C were used to test how
effective the predictive modeling of PARADISE is in a
bilingual environment.

Before starting the test, each user was required to use
the web-based enrolment interface of E-MATTER, to
learn about its functionality. From here we provided a link
to a web page where the user was instructed about the
evaluation scenarios. Web page forms were also used to
collect all the perceived metrics from the user.

So far, at the end of each call, each user had to fill out
a simple yes/no questionnaire to provide information




