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Preface

This book has its point of departure in courses held at the Tenth European
Language and Speech Network (ELSNET) Summer School on Language and
Speech Communication which took place at NISLab in Odense, Denmark, in
July 2002. The topic of the summer school was “Evaluation and Assessment
of Text and Speech Systems”.

Nine (groups of) lecturers contributed to the summer school with courses
on evaluation of a range of important aspects of text and speech systems,
including speaker recognition, speech synthesis, talking animated interface
agents, part-of-speech tagging and parsing technologies, machine translation,
question-answering and information retrieval systems, spoken dialogue sys-
tems, language resources, and methods and formats for the representation and
annotation of language resources. Eight of these (groups of) lecturers agreed
to contribute a chapter to the present book. Since we wanted to keep all the
aspects covered by the summer school, an additional author was invited to
address the area of speaker recognition and to add speech recognition, which
we felt was important to include in the book. Although the point of departure
for the book was the ELSNET summer school held in 2002, the decision to
make a book was made considerably later. Thus the work on the chapters was
only initiated in 2004. First drafts were submitted and reviewed in 2005 and
final versions were ready in 2006.

The topic of evaluation has grown from an afterthought into an important
part of systems development and a research topic of its own. The choice of
evaluation of text and speech systems as the topic for the 2002 summer school
was no doubt a timely one, and evaluation has not become less important since
then. On the contrary, and probably fuelled by the increasing sophistication of
text and speech systems, evaluation has moved to an even more central posi-
tion. Thus we believe that time is opportune for a book that provides overviews
of evaluation in most key areas within text and speech systems. The book tar-
gets not only graduate students and Ph.D. students but also academic and in-
dustrial researchers and practitioners more generally who are keen on getting
an overview of the state of the art and best practice in evaluation in one or more
of the aspects dealt with in this book. Since the evaluation area is constantly

X



X Preface

developing, it may be difficult, in particular for newcomers to the field, to get
an overview of current and best practice. The book may therefore be suitable
both as a course book if the purpose is to give graduate students an overview
of text and speech systems and their evaluation, and as supplementary reading
material for graduate courses on one or more particular areas of text and speech
systems.

We would like to thank the many people who contributed one way or another
to the ELSNET summer school in 2002, without which this book would not
have been written. We are grateful to all those who helped us in preparing
the book. In particular, we would like to express our gratitude to the following
external reviewers for their valuable comments and criticism on first drafts of the
nine chapters: John Aberdeen, Elisabeth André, Walter Daelemans, Christophe
d’Alessandro, John Garofolo, Inger Karlsson, Adam Kilgariff, Alon Lavie,
Chin-Yew Lin, Susann Luperfoy, Inderjeet Mani, Joseph Mariani, John Mason,
Dominic Massaro, Sebastian Moller, Roberto Pieraccini, Alexander Rudnicky,
Michael Wagner, and Andrew Wilson. A special thanks is also due to people at
the Department of Information Technology in Ulm and at NISLab in Odense
for their support in editing the book.

Laila DYBKIJAR
Holmer HEMSEN

Wolfgang MINKER
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Evaluation has eventually become an important part of the general software
development process and therefore also of text and speech systems develop-
ment. The ELSNET summer school entitled “Evaluation and Assessment of
Text and Speech Systems” in which this book has its origin, took place in 2002
and was seen as a timely event. Since then the interest in evaluation has con-
tinued to increase which we believe is a good reason for following up on the
summer school with this book.

The field of text and speech systems is a very broad one comprising highly
different types of systems and components. In addition, language resources
play a central role in enabling the construction of such system and component
types. It would take far more than a single two-weeks summer school or a
single volume of a book to cover evaluation in the entire field of text and speech
systems. We have therefore decided to let the book reflect the areas selected for
the summer school that were meant to collectively illustrate the breadth of the
field. They encompass both component, system, and data resource evaluation
aspects and are among the most important areas in the field of text and speech
systems.

A typical illustration of the architecture of a unimodal spoken dialogue sys-
tem shows that it roughly consists of a speech recogniser, a natural language
understanding component, a dialogue manager, a response or natural language
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XVvi Introduction

generation component, and a speech output component. Evaluation of speech
recognition and spoken output — not least if a synthetic voice is used — is very
important because the performance of these two components strongly influ-
ences the user’s perception of the system in which they are embedded. We
have included a chapter on the evaluation of speech recognition (Chapter 1),
as well as a chapter on evaluation of speech synthesis (Chapter 2). The chapter
on speech recognition evaluation also deals with evaluation of speaker recog-
nition.

Text-based systems do not include any speech components. Natural lan-
guage understanding may be needed at a more or less sophisticated level as
illustrated by, e.g., question-answering versus information retrieval systems,
cf. Chapter 6. This is also true for systems with spoken input where non-task-
oriented systems and advanced conversational systems may require a much
more detailed and complex understanding than, e.g., a simple bank account
system. Natural language understanding is in itself a complex task. Chapter 4
addresses two important aspects of natural language understanding and their
evaluation, i.e., part of speech tagging and parsing.

Some text and speech systems need a dialogue manager while others do
not. For instance, machine translation does not require a dialogue manager
because no dialogue interaction is involved. Whenever some understanding of
the user’s intentions is needed to find an appropriate reply, there is typically a
need for a dialogue manager. For example, spoken dialogue systems normally
have a dialogue manager and so do chat bots with written interaction. For sim-
ple tasks the dialogue manager may be very simple, whereas the more natural
we want to make the conversation with the user the more sophisticated dialogue
management techniques are needed. There is no separate chapter on evalua-
tion of dialogue management but aspects of such evaluation are addressed in
Chapter 7.

Response or natural language generation is a broad category that may vary
considerably in complexity. There are response generation components that use
simple pre-defined templates and there are those which try to do sophisticated
generation of surface language from semantic contents. Response generation
also includes, e.g., the return of a set of documents as in information retrieval
tasks. There is no chapter explicitly dedicated to evaluation of response gener-
ation, but Chapters 6 and 7 contain elements of such evaluation.

Some or all of the components mentioned above, and maybe other compo-
nents not mentioned here, may be put together to form a large variety of text
and speech systems. We have included examples of evaluation of important
system types, i.e., information retrieval and question answering systems (but
not summarisation) in Chapter 6, and spoken dialogue systems in Chapter 7.
Chapter 5 includes examples of evaluation of machine translation and spell-
checkers but has a major emphasis on user-oriented aspects in general. Thus
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Chapter 5 is closely related to human factors aspects although there is no
separate chapter devoted to human factors in general.

If we combine text or speech with other modalities we would need one or
more new components for each modality since we need to recognise and un-
derstand input modalities and generate information in the respective output
modalities, and may also need to handle fusion and fission of input and output
in two or more modalities. This book concentrates on text and speech and only
takes a small peep at the multimodal world by including a chapter on talking
heads and their evaluation (Chapter 3) and by describing evaluation of two
concrete multimodal spoken dialogue systems (Chapter 7).

Nearly all the chapters mentioned so far demonstrate a need for language
resources, be it for training, development, or test. There is in general a huge
demand for corpora when building text and speech systems. Corpora are in
general very expensive to create, so if corpora could be easily accessible for
reuse this would of course be of great benefit. Chapter 8 addresses the col-
lection, annotation, quality evaluation, and distribution of language resources,
while Chapter 9 discusses standardisation of annotation, which would strongly
facilitate reuse. There is no separate discussion of annotation tools.

No common template has been applied across chapters, since this was not
really considered advisable given the state-of-the-art in the various subfields.
Thus, each of the nine chapters follows its own approach to form and
contents. Some chapters address component evaluation, others evaluation at
system level, while a third group is concerned with data resources, as described
in more detail below.

Component Evaluation. The first four chapters address evaluation
of components of text and speech systems, i.e., speech and speaker recogni-
tion (Chapter 1), speech synthesis (Chapter 2), audio-visual speech via talking
heads (Chapter 3), and part of speech tagging and parsers (Chapter 4). Some of
these components may actually also, in certain contexts, be considered entire
systems themselves, e.g., a speech synthesizer, but they are often embedded as
components in larger text or speech systems.

Chapter 1 by Furui covers speech recognition, as well as speaker recogni-
tion. The chapter provides an overview of principles of speech recognition and
of techniques for evaluation of speech and speaker recognition.

Speech recognition tasks are categorised as overall belonging to four dif-
ferent groups targeting human—human dialogue, e.g., interviews and meeting
summarisation, human—-human monologue, e.g., broadcast news and lectures,
human—computer dialogue, such as information retrieval and reservation di-
alogue, and human—computer monologue in terms of dictation, respectively.
Each category imposes different challenges on speech recognition.
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Regarding evaluation of speech recognition the chapter has its focus on ob-
jective performance parameters although subjective measures in terms of, e.g.,
general impression and intuitiveness are briefly mentioned. Some performance
measures, such as word error rate or recognition accuracy, are generally used
across application types, while others are particular to a certain category of
tasks, e.g., dictation speed for dictation applications. To compare the perfor-
mance of different speech recognition systems, one must evaluate and nor-
malise the difficulty of the task each system is solving.

Speaker recognition tasks are basically either speaker verification or spea-
ker identification tasks, the former being the more frequent. A serious problem
for speaker recognition is that the speech signal usually varies over time or
across sessions. To overcome problems relating to such variations, different
described normalisation and adaptation techniques can be used. Typical per-
formance evaluation measures for speaker verification are described, includ-
ing, e.g., equal error rate.

Chapter 2 by Campbell provides an introduction to speech synthesis and
its evaluation, and to some of the attempts made over the years to produce and
evaluate synthetic speech. There are three main stages in generating speech
corresponding to three main components, i.e., language processing, prosody
processing, and-waveform generation. Approaches and challenges related to
these three stages are described. Evaluation of speech synthesis is done both
component-wise, as well@s at entire speech synthesis system level, using sub-
jective and objective measures. Evaluation of the language processing compo-
nent mainly concerns the correctness of mapping between text and evaluation.
Prosody is often evaluated using the Mean Opinion Score on a team of at least
30 listeners to obtain statistically significant results. The Mean Opinion Score
can also be used to evaluate the waveform component.

Intelligibility has been the primary measure used to evaluate synthetic
speech at the overall level. However, since synthetic speech nowadays nor-
mally is intelligible, naturalness and likeability have moved into focus instead.
However, despite progress over the years, synthetic voices are still not like
human voices. Control of paralinguistic information is a next challenge, i.e.,
control of non-verbal elements of communication, which humans use to mod-
ify meaning and convey emotion.

The chapter furthermore addresses concerted evaluation events and organ-
isations involved in or related to speech synthesis evaluation. At the end of
the chapter an extensive literature list is included, which the interested reader
may benefit from when looking for further references within the area of speech
synthesis.

Chapter 3 by Granstrom and House combines spoken output with an ani-
mated head. Focus is on the use of talking heads in spoken dialogue applica-
tions and on the communicative function of the head. Inclusion of an animated
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face in a dialogue system affects the way in which users interact with the sys-
tem. However, metrics for evaluating talking head technology are not yet well-
established. In particular the need for a further exploration of the coherence
between audio and visual parameters is stressed.

The chapter briefly explains face models and speech synthesis used at KTH
and data collection aimed at a data-driven approach to talking heads. The rest
of the chapter then describes various approaches to evaluation and a number of
evaluation studies.

Speech intelligibility is important and studies show that it can be increased
by adding an animated face. Not only lip movements play a role in a vir-
tual face, but also eyebrow and head movements contribute to communication.
Evaluation of these visual cues for prominence is described based on studies
of their relation and individual importance.

Visual cues together with prosody seem to affect what users judge to be
positive or negative feedback, respectively. A study is presented, which was
used to evaluate the influence of these parameters on the users’ perception of
the feedback. A further study is reported in which the influence of visual cues
and auditory cues on the perception of whether an utterance is a question or
a statement was evaluated. Evaluation of emotion expressions of the animated
face is also addressed together with prosody.

Finally, the chapter describes evaluation studies made with animated heads
from two implemented dialogue systems. Evaluation among-other things con-
cerned socialising utterances, prosodic characteristics, and facial gestures for
turntaking and feedback.

Chapter 4 by Paroubek deals with evaluation of part-of-speech (POS) tag-
gers and natural language parsers both of which form part of natural language
processing.

POS tagging is the process of annotating each word in the input text with
its morpho-syntactic class based on lexical and contextual information. POS
tagging is normally fully automated since tagging algorithms achieve nearly the
same quality as human taggers do and perform the task much faster. Accuracy is
the most frequently used performance measure for POS taggers. If taggers are
allowed to propose partially disambiguated taggings, average tagging perplexity
may be used as an appropriate measure. Also precision and recall are used for
POS tagger evaluation and so is a combination of the two called the f-measure.
Several other measures are also discussed, such as average ambiguity and
kappa. There are further parameters, including processing speed, portability,
and multilingualism that may be of interest in an evaluation, depending on
its purpose.

Parsing is a much more complex task than POS tagging. Parsing may be
deep or shallow, i.e., partial. For many tasks shallow parsing is entirely suf-
ficient and may also be more robust than deep parsing. Common approaches
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to parsing are briefly presented. An overview of how evaluation of parsers has
been approached is given together with a description of measures that have
been used and possible problems related to them. Examples of performance
measures mentioned are percentage of correct sentences and recall. Evaluation
campaigns may be used with benefit to comparatively evaluate a number of
parsers on the same test suites.

System Evaluation. The following three chapters deal with evalua-
tion at system level, including software evaluation standardisation with several
linguistic examples, e.g., from machine translation (Chapter 5), information
retrieval systems, and question answering systems (Chapter 6), and spoken di-
alogue systems (Chapter 7).

Chapter 5 by King presents general principles of user-oriented evaluation
based on work done in the EAGLES and ISLE projects and on ISO standards,
in particular ISO/IEC 9126 on software evaluation. Focus is not on individual
metrics but rather on what needs to be considered or done before it makes
sense to decide on particular metrics. A number of examples are given from
the broad area of natural language software, e.g., machine translation.

Software quality must be evaluated in terms of whether the users’ needs
are satisfied. Therefore the users’ needs must first be identified and evalua-
tion criteria must be formulated that reflect their needs. User needs may differ
widely depending on the task they need to carry out. Furthermore, the kind of
evaluation to choose depends on the purpose of the evaluation. The kinds of
evaluation mentioned include diagnostic evaluation, comparative evaluation,
progress evaluation, and adequacy evaluation.

It may seem that every evaluation task is one of a kind. However, at a more
abstract level there are characteristics, which are pertinent across evaluations of
software quality. The six software quality characteristics from ISO/IEC 9126-
1 are presented. They include functionality, reliability, usability, efficiency,
maintainability, and portability. Each of these is further broken down into sub-
characteristics, a few of which are explained in more detail. Software quality,
as expressed via these (sub-)characteristics, influences quality in use, which
in ISO/IEC 9126-1 is expressed in terms of effectiveness, productivity, safety,
and satisfaction.

The ISO quality model may be specialised to take into account the particular
software to be evaluated and made more concrete by relating it to the needs of
the users. This is done by adding further levels of sub-characteristics. Not all
sub-characteristics are equally important. The importance depends on the users
and the task. Low importance may be reflected in a low user rating still being
defined as satisfactory. The terminal nodes of the quality model must have
metrics associated.



Introduction xxi

Chapter 6 by Teufel addresses evaluation of information retrieval (IR) and
question answering (QA) in the context of the large-scale annual evaluation
conference series TREC (Text REtrieval Conference), where many systems are
evaluated on the same test collections. An IR system returns one or more entire
documents considered relevant for the query. Perceived relevance is a problem
here because it is subjective. A QA system is supposed to output a short piece
of text in reply to a question. QA is a fairly new activity as opposed to IR and
more difficult in the sense that a more thorough understanding of the query is
needed. Nevertheless the best QA systems get close to the possible maximum
score, which is far from the case for IR systems. In both cases evaluation is
expensive due to the human effort involved.

On the IR side the chapter focuses on ad hoc document retrieval where
queries are not refined. A fixed document collection is also assumed. Evalu-
ation of IR systems is typically a performance evaluation, which involves a
set of documents, a set of human generated queries, and a gold standard for
what is relevant as decided on by a human judge. Real users are not involved.
The primary metrics used are precision and recall, while accuracy is not a
good measure. Recall poses a problem because it is basically impossible to go
through perhaps a million documents to check that no relevant ones have been
omitted. The pooling method may, however, be used.to solve this problem.

Different question types are distinguished and included in TREC QA, e.g.,
factoid questions and list questions, whereas opinion questions are not in-
cluded. All questions do not necessarily have an answer. There is no gold
standard. Instead each answer is judged independently by two human asses-
sors. Main metrics have changed over time from mean reciprocal rank over
weighted confidence to average accuracy.

Chapter 7 by Bernsen, Dybkjaer, and Minker concerns the evaluation of
spoken dialogue systems. It first provides a general overview of evaluation
methods and criteria and then describes evaluation approaches for two specific
(multimodal) spoken dialogue systems in detail. The two systems addressed
are the non-task-oriented Hans Christian Andersen (HCA) system and the in-
car SENECA system, both developed in European projects.

Both systems are prototypes and they are described along the same lines,
i.e., a brief system overview is provided followed by a description of the eval-
uation of the prototype, including test set-up, evaluation method, test users, and
evaluation criteria.

For the HCA system technical, as well as usability evaluation criteria are
mentioned. The technical criteria encompass criteria meant to evaluate more
general system issues, e.g., real time performance and robustness, as well as
criteria, which relate to specific components. The components addressed
include speech recognition, gesture recognition, natural language understand-
ing, gesture interpretation, input fusion, character module, response generation,



