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ABSTRACT

The assessment and evaluation of speech quality and speech-
output systems is a multi-dimensional problem. In this essay a
broad overview of relevant methods and methodologies is
given, and their range of validity is analysed. It shows that -
although progress in the field can be noted - there is still a sig-
nificant lack of knowledge and experience in many ways.
Until now a number of important factors of speech quality
have been identified, but reliable methods for monitoring the
performance of speech quality and speech-output systems in
praxi are hardly available. In other words, an integrated,
application-oriented battery of assessment and evaluation pro-
cedures is still missing - as well as scientifically-based written
guidelines to support non-experts when exposed to respective
assessment and evaluation tasks.

It is the aim of this contribution to review methods currently
available in the field - including some recently novel
approaches - in view of the task of predicting performance of
speech-output devices in particular application scenarios.

1. INTRODUCTION

Within the area of speech technology a variety of different
systems have to be considered, such as systems for speech
synthesis, speaker identification, speaker verification, speech
recognition, speech -transmission, voice mail-and-forward,
talking faces. Speech quality is an issue in connection with all
of them. Consequently, the quality of speech - be it input to or
output of a system, be it natural or synthetic speech - has to be
assessed/evaluated.

Speech assessment and evaluation is closely linked to
progress in speech technology: Designers of speech-output
devices are interested in diagnostic data to improve system
performance (diagnostic evaluation), customers need informa-
tion on the system behaviour in application (adequacy evalua-
tion), funding authorities depend on respective data to testify
work progress (progress evaluation) [Bech 1993]. Neverthe-
less, speech assessment and evaluation have not received suf-
ficient attention in the advent of speech technology. It was
only recently that the relevance of assessment and evaluation
for the enhancement of speech technology was finally
acknowledged - and international projects devoted to speech
assessment such as the ESPRIT-Project 2589 ‘SAM’ or
EAGLES (Expert Advisory Group on Language Engineering
Standards) were established. However, demands on these
projects have not always been posed well. The speech-tech-
nology community expected immediate and ultimate answers
with respect to global quality as well as detailed diagnostic

EUROSPEECH 93, Berlin, Germany, September 1993

data for systems enhancement. A particular expectation was
that a generally valid reference for speech-output optimization
would be rendered.

Unfortunately - in this euphoric mood - it was not sufficiently
recognized that speech quality assessment and speech-output-
systems evaluation are research areas by themselves, with
contributions to major scientific problems still missing. Cur-
rently there is a sensation of disappointment since over-opti-
mistic expectancies have not satisfactorily been met. The
following sections intend to draw attention to the complexity
of the assessment and evaluation task by critically analysing
the range of validity of existing methods and methodologies.

2. CHANCES AND LIMITS OF ASSESSMENT
AND EVALUATION

Ultimately, the general quality of speech respectively a
speech-output device is made up by judgements of listeners in
a particular application scenario. From speech assessment and
evaluation procedures it is, amongst other things, expected
that they provide extensive descriptive data on the system
behaviour. Ideally, data collected should provide a quality
profile, for example, to enable potential customers to make a
decision on which out of a number of different devices com-
ply best with their individual requirements.

This is a demanding task for different reasons. To mention
only two, the large variety of intra- and inter-individual
speaking styles in natural language makes it difficult to decide
on a reference against which a speech-output sequence should
be compared. Further, a listener’s judgement is co-determined
by aspects like speaker characteristics, channel distortions,
noise, etc. Even details which seem to be of fringe interest
when arranging a test scenario, may finally prove to be rele-
vant. In view of the variety of interrelated components (e.g.
characteristics of source, transmission channel, receiver, envi-
ronment), it seems to be unrealistic for the near future to
gather all constitutive aspects of speech quality. What can be
done, however, is to approximate the problem gradually by
further identification of speech-quality factors in a step-by-
step process, thus improving the current models of speech
quality. Hopefully, the factors which explain most of the vari-
ance will be identified first.

The common engineering approach towards speech technol-
ogy is to look at speech as a physical signal and to determine
factors like SPL, spectrum, amplitude statistics, distortion fac-
tors, etc. - thus disregarding the human listener as the ultimate
judge of speech quality. Physical factors will not be dealt with
in this text. A more rigorous approach is directed towards the
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identification of auditory (perceptual) dimensions of speech
quality (e.g., intelligibility, naturalness, loudness). The dimen-
sions-analysis approach, however, although certainly a good
start, turns out to be complicated. Since a speech act is not a
pure surface phenomenon, speech quality in general cannot
sufficiently be decomposed into a limited number of orthogo-
nal factors. Nevertheless, abstraction is necessary to build
models - and to some extent useful to provide lines of thinking
with the aim of collecting diagnostic information. Yet, models
are not the real thing, and data collected with reference to
them must be interpreted with care.

Long-term goals for speech assessment and evaluation are,
amongst others: to identify quality criteria, to develop appro-
priate test methods and corpora, to standardize these interna-
tionally, to catalogue evaluation guidelines, and to develop
procedures for test execution. Further, somebody wishing to
assess and/or evaluate the quality of speech respectively
speech-output systems should be supplied with appropriate
guidance from experts in the field with respect to adequate test
methods, test corpora, supporting techniques and equipment.

3. METHODS OF SCALING

Designers of speech tests exploit the listener as a test subject
and a measuring instrument at the same time, they often take
advantage of the listener’s ability to listen very selectively.
The issue is to explore the speech percepts of a listener with
regard to quality (globally or selectively) in a quantitative way
and in a controlled-stimuli situation. A number of different
approaches for this kind of perceptual measurement can be
considered:

As far as the presentation of the stimuli is concerned, the lis-
tener may either adjust a stimulus until a predescribed judge-
ment is met (method of adjustment), or stimuli are held
constant and the listener assigns a judgement out of a set of
possible judgements to them (method of constant stimuli).

In offering a well-defined response scheme to the listener, the
test designer conducts the individual mental representation of
the judgement to a quantitative form
which is, hopefully, consistent for all
subjects. The judgements themselves
can have different levels, namely

Further information on them is readily available from litera-
ture on psychometrics [cf. Ghiselli, Campbell, Zedeck 1981,
Rust, Golombok 1989]

It goes without saying that the applicability and reliability of
the individual psychometric methods depends on the field of
application. Validity of the data is only given if the data map
relations between the attributes to be measured in a proper
way. The selection of adequate psychometric methods for a
given task is, thus, not a trivial task, often requiring extensive
experience and intuition. The choice of psychometric methods
is also closely related to the group of listeners. The listener
finds it the more difficult to judge on speech quality the more
either speech is stylized in the sense that it is artificially
abstracted from the concrete communication situation or the
more psychometric methods ask for abstract structuring and
grouping of the auditory event.

4. THE HUMAN LISTENER AS AN INSTRUMENT
OF MEASUREMENT

A human listener who participates in speech tests plays a dif-
ferent role than the listener in a usual communication situa-
tion: He is not only a perceiving subject but also a measuring
system at the same time. His task is to first reflect on the men-
tal representations and then to encode them again, i.e. to com-
municate the information to the person who is running the test.
Since the human listener cannot be reduced to a pure converter
that assigns quality values to input signals straight forward, his
personality, motivation, his attitudes and expectations are
measuring factors as well.The simple fact that the human lis-
tener is not at all a processor that takes only an active part in
reacting to the sensory input (cognition, world knowledge,
language knowledge), but that he already constructively acts
on the auditory event even before the sound is perceived
(expectation, anticipation) is another important factor in the
context of speech technology assessment. Evenso, although
dominant, not alone the acoustic event is processed; all envi-
ronmental characteristics are perceived since all senses are

anticipation/expectation

nominal, ordinal, interval and ratio - -t
thus allowing for different levels of
mathematical evaluation and statisti-
cal testing. As a matter of fact, a test
designer should always aim at the
highest level of judgement possible.
This does not mean, however, that a
judgement of low level, e.g., nominal
identification task, is necessarily easy
and simple.

By combining appropriate object
presentation procedures with appro-
priate judgement procedures, one
arrives at the so-called psychometric
methods. Amongst those currently
used for speech-quality assessment
and evaluation are: identification,
ranking by pair comparison, categori-
cal scaling, and magnitude estimation.
The methods are used to tackle uni-
dimensional as well as multi-dimen-
sional attributes of speech percepts.
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active. In Fig. 1 subject performance factors are schematized.
The person who wants to run a test has to have a clear picture
on those listener dimensions that influence the judgement of
the recipient. His task is to spot and to control them. There are
some that can easily be measured (e.g., hearing capability),
and there are others that are difficult to operationalize (e.g.,
anxiety, expectation). Only if these influential factors and
their role for subject performance are known, decisions can be
taken on the selection of subjects who are to be representative
for the population of potential listeners (system users). In view
of the aspects that contribute to perceptual organization it can
be stated that until today only some first vague attempts to
identify listener dimensions have been pursued with respect to
the assessment of speech technology devices. [Howard-Jones,
1992]

5.SPEECH AS OBJECT OF MEASUREMENT

Not only the understanding of the functioning of the listener’s
mind is very problematic - also speech as an object of meas-
urement leads to a number of essential questions and prob-
lems. Since speech is a very complex, multi-variate
phenomenon, also for this link in the chain of measurement it
is imperative to identify and control as many variables as pos-
sible. Phonetic and linguistic variables deserve special atten-
tion. Phonetic variables are, e.g., assimilations and elisions in
the speech signal, speaking style, dialect; linguistic variables
are, amongst others, the vocabulary (words, sentences, para-
graphs), the items to be scored (phones, diphones, clusters,
demi-syllables, syllables, words, sentences, paragraphs), fre-
quency of occurrence of the vocabulary entries and of the
items, the decomposition and linguistic structure of the vocab-
plary/of the items.

In the past there have been quite remarkable activities on the
analysis of phonetic and linguistic variables with respect to
speech assessment. Many of them are directed towards seg-
mental analysis, others towards global quality, towards pros-
ody and/or dialogue assessment. [Pols 1990, Pavlovic 1990,
1991, Goldstein, Lindstrom, Till 1992]

Although being one out of a number of important aspects
worth to be investigated in the scope of speech quality assess-
ment, the following discussion focuses on segmental tests
only. Presently, a number of different test methods are availa-
ble. Only some of them are nationally and/or internationally
standardized; many are still under development and under test
themselves.

Those people who want to design a new test have to pay spe-
cial attention to phonetic and linguistic variables. Someone
who wants to design a new test has to decide - in view of the
problem he wants to solve - on the means or procedures to
uncover the hidden quality aspect of speech. The best decision
is taken when the choice of the test procedure and of the test
items follows the listener’s natural way of processing a speech
sequence. It is aimed to adopt and employ the knowledge and
experience of how the listener structures the auditory stream,
which perceptual grouping parts he segregates, which main
components he identifies and in which way he is able to
describe the auditory event. [Bregman 1990] In principle it
can be stated that the more those aspects of the speech signal
are depicted that the perceiving listener focuses on anyway,
the more meaningful are the test results.

Consequently, the central question is: Which speech entities
and which features are listeners able to discern in an auditory
stream that are characteristic of speech quality?
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Here test designers make use of the fact that at least adults
know and are aware of basic linguistic structures such as sylla-
bles, words, etc. (e.g., from learning how to read and write).
Since this classification schema is common and has not to be
learned particularly for an assessment test (in contrast, e.g., to
the entity ‘diphone’ which subjects do not accept as a basic
auditory component) it is not surprising at all that it is also
adopted for structuring speech as a test object. The justifica-
tion is that such a classification schema is not an arbitrary con-
struct but that it has its roots already in early childhood, not
bound to certain language families or even cultures.
Until now speech tests with subjects have been discussed with
respect to formal aspects mainly in this text. There are other
fields of knowledge - such as psychology - which have a long
tradition in investigating test theories and in establishing
mathematical evaluation and statistical testing.
Since these sources of knowledge provide already some cen-
tral reliable guidelines for the conduction of tests (formal
aspect), this essay can contribute more to a general under-
standing of speech test validity in thematizing segmental
speech tests with emphasis on vocabulary and test items (con-
tent and function), mainly from the point of view of linguistics
and partly also from phonetics: The relevance of the choice of
the vocabulary (symbolic level) and of the production of test
items (acoustic level) is specifically outlined. In most areas of
speech science and technology there is a strong demand for
tools for the assessment of speech intelligibility, since intelli-
gibility has been shown to be a paramount factor of speech
quality - for many applications the most important one. Along
these lines of thinking, the leitmotif for the following chapters
is the discussion of tests for measuring the auditory distinc-
tiveness of speech elements as well as speech intelligibility
tests.
]6. MEASURING THE AUDITORY
DISTINCTIVENESS OF SPEECH ELEMENTS:
THE STANDARD SEGMENTAL TEST

Especially for speech synthesis devices it is of interest to
know which individual phones can clearly be identified by lis-
teners and which are difficult to distinguish. In order to extract
data on the distinctness of individual basic speech elements a
so-called ‘Standard Segmental Test’ was designed. [SAM
Final Report, 1992]

The test consists of three word types: Consonant-Vowel,
Vowel-Consonant, and Vowel-Consonant-Vowel. All conso-
nants that can occur at the respective positions and three vow-
els lal. lIl, and 1Ul are chosen as basic items material. All
consonants and vowels are combined according to the three
word types. They are synthesized and each stimulus is acousti-
cally presented to subjects. For each stimulus, the vowel ker-
nel is given on a response sheet, and only the consonant is to
be filled in a blank. The test material is available for several
languages (English, German, Swedish, and Dutch). It has
mainly been used to test different speech synthesis systems.

Scope of validity and reliability of test results

Since the information content of each stimulus is extremely
low, subjects have to highly concentrate on the auditory event.
In some cases the vowel seems to be predominant so that its
associated consonant is partly masked by it. There is hardly at
all redundancy in the signal. Stimuli are of non-reducible
brevity, and sometimes even obligatory features are missing in
the speech signal. This is especially true for many speech syn-
thesis systems.
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The question that follows is: How do subjects react to this spe-
cial type of speech signals? There is the tendency that they
have an auditory event that in principle can be the percept of
more than one phone. Out of such a cloud of possible candi-
dates one correlate is selected, often more by chance than by
form. Thus, it is not surprising at all that the percentage of cor-
rectly identified consonants is fairly low.

In the following chapter speech intelligibility tests are intro-
duced and discussed. Intelligibility tests are closely linked to
identification tests, but they differ from identification tests in
such a way that the semantic aspect plays a dominant role.

7. MEASURING SPEECH INTELLIGIBILITY:
THE RHYME TESTS

In literature a number of different intelligibility tests are
reported on that are directed towards the word and sub-word
level. The most well-known one is the so-called Rhyme Tests.
Originally, thyme tests were designed to measure the intelligi-
bility of speech transmission systems, later on, they have also
been used in the field of audiology, psychology, and speech
technology. The first thyme tests were defined for English/
American English. Generally speaking, most rhyme tests are
structured according to the same pattern:

A stimulus word is acoustically presented to a subject, and the
subject’s task is to communicate what he has understood. In
most cases the stimulus word is a mono-syllabic, semantic-
bearing word. Many designers claim that their test vocabulary
is phonemically balanced, only some say that they selected the
test material in regard to the frequency of occurrence of
words.

Three response modes can be distinguished: A subject gives a
written response where the listener’s task is either to write
down the target word - or the sub-word unit - he has heard
(open response test) or to mark the word he has recognized
from a set of thyme words that are visually offered (closed
response test). In audiology, e.g., another response mode can
be found where the patient repeats orally what he has heard;
this mode is, however, only rarely applied in the field of
speech technology assessment.

Scope of validity and reliability of test results

Rhyme tests have the following advantages:

- The number of stimuli is reduced.

- The test-run is not excessively time-consuming.

- Naive listeners can participate in the test without having
to be trained.

- Reliable results can already be gained with small subject
groups (10...20).

- Learning effects can be measured.

These features make rhyme tests easy and economic to per-

form. The measure of intelligibility is, e.g., the number of cor-

rectly identified words. Diagnostic information can be given

by confusion matrices.

There are, however, some crucial points that warn to look at

the test results in an absolute way. One is related to the struc-

ture of the vocabulary and its representativeness for the target

language. Apart from some rare exceptions, the test material

consists of words that have the structure consonant-vowel-

consonant (CVC). By using mono-syllabic CVC words, only

one special word structure out of a number of possible ones is

depicted. Although for many languages (at least European lan-

guages) it is one of the most frequent word structures, other

high frequent structures as mono-syllables with the structure

CnVCn or poly-syllables are not tested at all.
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It is, however, of high importance that the acoustic realization
of more complex words structures is tested as well. A speech
output device for the German language, e.g., that uses demi-
syllables as basic speech bricks has an inventory of about
2000 entries. When the German rhyme test is applied for mea-
suring the system intelligibility only 276 of these entries
appear in the test vocabulary.

Another aspect is related to the choice of the vocabulary.
Since the number of semantic-bearing mono-syllabic words of
the structure CVC is finite, the number of candidates that ful-
fill the test requirement is finite as well. The attempt to select a
word as a candidate for testing and to choose phonetically
similar response alternatives sometimes results in an ensemble
far-fetched. This is, amongst other things, due to the attempt to
test as many consonants of the target language as possible and
at the same time to still be able to group rhyme words around
each stimulus word. The distance between stimulus words and
offered response words in the perceptual domain is motivated
more by the question of whether such rhyme words exist in the
language at all rather than it is determined by the task com-
plexity. Evenso, it has been proven that the frequency of
occurrence of a stimulus word in everyday communication has
an influence on the recognition probability. The more familiar
a stimulus word, the higher the probability of its identification.
Also, the frequency of occurrence of visually offered alterna-
tives plays an important role.

To sum it up, results of rhyme tests must be looked at very
carefully. Not each response is really a descriptor of the audi-
tory percept alone but it might be a construct that is a mixture
of the anditory event and its manipulative cognitive process-
ing. It might be the case that this manipulation is even trig-
gered by the test method, especially by the closed response
test. Since the subject’s reaction to the test method is highly
individual, it is difficult to predict where the subject in his
reaction deviates from that behavior the test designer expects.
Consequently, test results might be deceiving, and, what is
even more regrettable, information on the intelligibility of
speech which is quite available (at least indirectly) as spotted
by the ‘gauge human being’ is not made accessible.

Rhyme tests are available for many languages. However, they
are designed for each target language individually. What they
generally have in common is that they fulfill the basic require-
ments for Rhyme tests (mono-syllabic, semantic-bearing
words of the structure CVC). Nevertheless, what they do not
monitor is the complexity and representativeness of the test
vocabulary. Since it is not the case that test internally the ‘task
difficulty’ is the same for each stimulus-response ensemble it
is, of course, neither across language boundaries.

Another comment is directed towards the role of the task con-
figuration with regard to the validity of test results. This can
best be illustrated by questioning of how the process of a sub-
ject responding can be understood. As already outlined above,
the subject’s response is the result of an individual processing
of the auditory event in a test situation. Ideally, the subject’s
response should be a mirror image of his auditory event; prac-
tically it is biased by cognitive activity. This phenomenon can
influence the judgement of the auditory event significantly. If
the subject perceives, e.g., an event which he has not expected
he uses his combinatory competence to solve this incompati-
bility. In many cases the auditory percept is assimilated and
modified to such an extent that it ultimately fits to the percep-
tion schema. Amongst others, the following conditions might
occur:
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The subject expects to perceive a semantic-bearing word
(because he knows that only existing words of the target lan-
guage are tested), but perceives a nonsense word. In such a
case the auditory event is modified and transformed as long as
its processed image is congruent with the sound image of its
phonetically closest semantic-bearing neighbor. Conse-
quently, the identified word does not in all cases mirror the
primary auditory event exclusively, but additionally it may be
the result of the subject’s speech processing and interpreting
capacity.

This phenomenon becomes even more weighty when a rhyme
test is run with a close response set. Here the listener’s task is
to mark that word he has perceived within a finite set of visu-
ally offered alternatives. There are rhyme tests where only two
possibilities are offered, and there are others where the subject
has to choose between six rhyme words.

Here the judgement on the auditory percept is guided not only
by semantics but additionally by visually offered semantic-
bearing alternatives. By offering these alternatives the number
of candidates is extremely reduced. If a word the subject has
identified is not given in the list, he has to make a guess and to
choose the most likely one. Consequently, important diagnos-
tic information gets lost.

The closed response test has one additional disadvantage
which is related to the impact the sequential order of visually
offered correspondences has for the subject’s responding. The
following situation may serve as an example:

After a subject has listened to a test word he goes through the
written thyme words one after the other and compares the per-
ceived auditory image with those ones of the offered alterna-
tives. It might well happen that the subject’s tolerance level
with respect to the preciseness of congruency between stimu-
lus and response is lowered, and, consequently, that a word is
marked even before each offered alternative has been checked.
Since the phonetic shape of the acoustically presented stimu-
lus and the ones of its correspondences that are imperative to
be considered might be highly similar, the subject may be
attempted to haste into his judgement.

This effect is closely related to the kind of experience a sub-
ject has made with the speech quality so far. The more often
he has been confronted with an offered stimulus-response con-
stellation where the subject felt that none of the given alterna-
tives did really fit, the more easily he acts rashly when he
comes across a word the sound image of which is highly simi-
lar to the one of the stimulus word.

In taking all these points into consideration, a speech intelligi-
bility test was developed the vocabulary of which is based on
statistical information. This test is called Cluster-Identifica-
tion-Test (CLID-Test). It was developed under the ESPRIT
Project SAM.

8. MEASURING AUDITORY DISTINCTIVENESS
OF SPEECH ELEMENTS: THE CLUSTER-
IDENTIFICATION TEST

Strictly speaking, the Cluster-Identification Test (CLID) is an
identification test. [Jekosch 1992] The CLID-Test is based on
a statistical approach where the test vocabulary is not prede-
fined but where it is generated according to specific statistical
information on item complexity. The test system has to be fed
with language specific data on phonotactic constraints. So far,
data from the English, French, Italian and German language are
available so that intelligibility tests for each of these languages
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can be run separately. The entire system consists of a word gen-
erator, a phoneme-to-grapheme converter, the test itself and a
scoring module. '

The person who wants to run a CLID-Test can determine the
number of words to be generated (symbolic level), the syllable
structure(s) (e.g., CCCVC, VC, ...) either directly, or indirectly
by defining the range of frequency of occurrence the syllable
structure(s) shall belong to, in both cases giving the informa-
tion of how many words per structure are to be generated, and
the frequency of occurrence of clusters (initial, medial and final
clusters separately) that fill the free syllable structure.

The CLID framework is designed in such a way that a
concrete test can be run as an open response test. Subjects
have the task to write down what they have identified. A
subject can use either a phonemic or a graphemic transcription
of his auditory event. A similar cluster test was also developed
by Spiegel. [Spiegel 1990]

In applying the CLID-Test it is checked which and how many
speech elements of a speech sequence can be discerned. Here
not only single speech elements (e.g., phones) are itemized but
also their transition probability. In contrast to the rthyme test
the vocabulary consists of non-sense words mainly.

Scope of validity and reliability of test results

Although semantic-bearing words have critically been dis-
cussed with respect to the rhyme test vocabulary, non-sense
words have major disadvantages also.

The first disadvantage that one conceives immediately is the
problem of scoring the results. However, this problem is
solved. An algorithm that converts written responses of sub-
jects into a standard reference is an integrated part of the
CLID framework. As soon as the individual responses have
been verified or falsified, the intelligibility of items as words,
syllables, clusters, phonemes can be scored.

Nevertheless, non-sense stimuli bear the disadvantage that
some subjects have the difficulty to identify them - in the first
test phase - because they are not used to listen to speech
sequences in a discrete way. The overall ‘Gestalt’ is missing,
although the vocabulary has been generalized with respect to
phonotactic information, i.e., the artificial word sounds as if
belonging to the target language.

In principle the auditory perception mode subjects are forced
to enter can be compared with the modified technique of read-
ing when an unknown visual image is to be processed. In such
a case the reading person concentrates on the orthographic
symbols one after the other, and finally he concatenates the
elements to an adequate representation.

Obviously the auditive processor works similarly. Subjects are
normally not used to process an auditory event in such a dis-
crete way so that they first have to undergo a short adaptation
phase. After that phase, however, they are able to discern and
identify basic speech elements. Here, however, the mixture of
semantic-bearing and non-sense words is not useful. Subjects
often reported that they wished to identify either non-sense
words or semantic-bearing words only - possibly because oth-
erwise a permanent change of processing modes is at least
conceivable.

Until now the discussion of speech intelligibility measurement
was reduced to word intelligibility only. Since intonation and
prosody contribute to intelligibility as well, the so-called SUS-
Test, is another method belonging to the battery of intelligibil-
ity tests.
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9. MEASURING SPEECH INTELLIGIBILITY:
THE SUS-TEST

SUS is an abbreviation for ‘Semantically Unpredictable Sen- -

tences’. It is an intelligibility test on sentence level. In order to
reduce contextual semantic information given by the sequence
of single words, not concrete sentences but basic sentence
structures are the raw material. The filling of each component
of these structures with concrete words is done by random
selection of words out of a pre-defined list of possible candi-
dates. Lists contain mainly mono-syllabic and only exception-
ally bi-syllabic words. Five grammatical structures are used:
1. Subject - Verb - Adverbial

“The table walked through the blue truth.”
2. Subject - Verb - direct Object

“The strong way drank the day.”
3. Adverbial - Verb - direct Object

“Never draw the house and the fact.”
4. Q-word - transitive Verb - Subject - direct Object

“How does the day love the bright word?”
5. Subject - Verb - complex direct Object

“The plane closed the fish that lived.”
All structures are basic sentence patterns, at least for the
English, Dutch, German, French, Italian and Swedish lan-
guages. For these languages word lists are available which are
accessed when a concrete sentence is built. [Benoit, 1992]
For an actual test run, fifty sentences (ten of each grammatical
structure) are generalized and put in an random order. The
sentences are acoustically realized, and the subject’s task is to
write down what he has identified.

Scope of validity and reliability of test results

In the validation phase of the SUS-Test different factors that
may influence the subject’s performance have been investi-
gated. It could be proven that the frequency of occurrence of
words within word lists associated to sentence structures influ-
ences identification probability. Common words achieved sig-
nificantly higher scores than slightly less common words.
[Hazan 1989]

Further, it cannot be excluded that subjects are attempted to
create a semantic link across words or even a sentence. A
learning effect can be observed if a test is run more than once.
Obviously, some subjects remember exotic word sequences
and are able to reproduce them again.

It can be noticed that the sentence structure guides the identifi-
cation of words: If a word has not clearly been identified, sub-
jects do not always choose a word that is the closest phonetic
correspondence to the auditory image, but sometimes they
concentrate on the grammatical category that word has to
belong to.

Also, it might happen that a subject ‘stumbles’ somewhere
over a word in the middle of a sentence, concentrates too
much on that image difficult to identify and does not carefully
listen to the subsequent signal any more. Such attention prob-
lems are difficult to control.

10. WHICH TEST LEADS TO WHICH RESULTS?

In view of general requirements directed towards test methods
and methodological considerations one could assume that all
tests - since they have the same test object (speech) and are
directed towards the same quality aspect (auditory distinctness
of speech elements and intelligibility of speech sequences)
lead to comparable results. In order to validate this assumption

EUROSPEECH 93, Berlin, Germany, September 1993

four different tests (those ones above-described) have been
performed with one and the same source, a synthesis system
for the German language. Synthetic speech was chosen
because the quality of speech output is reproducible on the one
side and is characterized by non-optimal quality.

Results:
The results of all four tests are depicted in Fig. 2 and 3. It can
be seen that there are significant differences in scores. Intelli-
gibility or auditory distinctness (for non-words) of one and the
same system is located somewhere between 19% and 85%
correct.

Identification Quota
w
(=3
1

0 I

initial medial final

Standard Segmental Test [
Cluster-Identification-Test [JJ
Modified Rhyme Test [ |

Fig. 2:

Identification Quota of Standard Segmental Test,
Modified Rhyme Test and Cluster-Identification-Test

Identification Quota

Standard Segmental Test u
Cluster-Identification-Test O
Modified Rhyme Test | ]
Semantically Unpredictable Sentences [

Fig. 3:
Results in total of the Standard Segmental Test (C-correct)
Modified Rhyme Test (C-correct),
Cluster-Identification-Test (C-cluster correct)

and Test of Semantically Unpredictable Sentences
(word correct)

The questions that follow are:

- Which test provides the ‘correct’ data?

- How can a valid quality index for auditory distinctness of
speech elements and for intelligibility of speech sequences
be gained?

- How are the tests themselves to be assessed?

The first conclusion is that all tests and test results should cau-

tion the user to look at them in an absolute way. Each test

itself leads to reproduceable results; thus, test results are ‘cor-
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rect’ in the sense that within the same test environment and
under the same test instructions data can be replicated. How-
ever, a measure independent of the test method cannot be
computed.

In view of these results it is helpful at this stage to go one step
backwards and pose the question again of which information
can really be expected from speech intelligibility tests. When
looking at a natural, continuously spoken sentence and cut the
signal into those parts that stand for single words it can be
made audible that the surface phenomenon of a word embed-
ded in a sentence is quite different from its concept or ideal
form both speaker and listener have. A spoken utterance is less
(or different?) articulated than single words. Speaker and lis-
tener tend to minimize the effort of communication, and
speech elements are assimilated or even elided. This is a well-
known fact not only for sentences or texts, but also for smaller
units such as isolated words. Here even a human speaker does
not always overarticulate in order to clearly distinguish one
word he wants to communicate from another phonetically
similar word, if the semantic and situative context gives an
indication of which word is meant.

Only if a speaker is not understood (e.g., when talking to a
non-native speaker, not yet having a good understanding of
that language) he adapts his speaking style to the situation in
that he speaks more slowly and distinctly.

11. CONSEQUENCES FOR SEGMENTAL
SPEECH TESTS

Many users as well as designers of speech synthesis systems
complain about lacking naturalness and acceptability of most
presently available systems. They are asking for assessment
methods which give an indication of where the systems fail
and in which respect they have to be improved. There are
voices saying that segmental intelligibility has been overem-
phasized in the past decade and that future activities should be
directed towards, e.g., voice quality [Bezooijen, Pols 1990].
This one is not the only conclusion one can draw from open
questions and unsolved problems within the scope of speech
assessment. Another possible conclusion is the following:

In the past many speech tests directed towards segmental
intelligibility have lead into a wrong direction. Many system
designers who knew that segmental intelligibility is one of the
main quality aspects (since systems were assessed with these
tests) tried to tune their system to these tests. There are synthe-
sis systems available which perform quite well with, e.g., the
rhyme tests. However, the listener gets the impression that
there is much too much redundancy in the speech signal. And
this again, affects naturalness and acceptability.

If segmental intelligibility tests are designed in such a way
that they do not ask for 100% intelligibility but for an intelligi-
bility that mirrors intelligibility of natural speech, segmental
intelligibility tests are of valuable assistance to provide diag-
nostic data. It is wrong to expect 100% intelligibility (for
which test soever) when the same test material, produced by a
human speaker, does not reach that score either.

Segmental intelligibility tests are helpful; however, the deci-
sion of whether results gained with one of these tests are to be
seen positively or negatively, cannot be achieved by having
one’s sights on the 100% correlate.

There is a database available for the German language which
contains information the similarity of consonant clusters.
These data have been collected in a study that was initiated by
the question of whether the perceptual dimensional representa-
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tions of synthetic speech are comparable to the ones of natural
speech. In order to find an answer to this question a synthe-
sizer for the German language was chosen that read aloud the
same carrier sentences as the professional broadcast reader
did. After the preparation of the test stimuli (signal editing)
cluster pairs were acoustically presented to subjects who had
to decide on the similarity degree of the synthesized clusters.
[Jekosch 1993]

The study shows that there are quite severe differences
between data on natural speech and data on synthetic speech.
It can be assumed that the output of a synthesis system speech
elements of which mirror the same (or similar) perceptual
dimensions is of high acceptability and also naturalness. In
order to validate this hypothesis, future work goes into this
direction.

However, this does not mean at all that the only key to speech
assessment lies in segmental intelligibility tests.

SUMMARY

One aim of this essay was to show that data of speech tests
must cautiously be looked at. The varying of results was
explained in discussing segmental intelligibility measures.
Without doubt, similar problems might occur when parame-
ters of other psychometric approaches for testing speech qual-
ity are modified, some seem to validate each other. [Pavlovic,
1989] What can be learned generally is that test designers as
well as people who run speech assessment and evaluation tests
have to be aware of basic parameters that have an influence on
the subject’s performance. ,

In view of the problems encountered already for single tests it
is not surprising at all that an integrated battery of speech
assessment tests is not available presently. Speech quality
tests, however, can only be helpful if the communication situ-
ation or the field of application is paid attention to as well.
What is needed is a battery of speech assessment tests that
contains a number of single tests that can be used to extract
data with respect to certain speech quality aspects.
Additionally to offering these methods and tools it is also
important that a list of requirements is compiled where a
standard is fixed for.those application areas which can be
identified already today. This standard should prescribe which
tests out of the test battery have to be run and which results are
to be required for each of these tests when the performance of
a speech system is to be assessed. Only then can the functional
aspect of speech quality assessment and evaluation be consid-
ered as well. However, this is a long-reaching demand. Hope-
fully it will be acknowledged that speech assessment and
evaluation is an embracing field of knowledge which needs
expertise and time to do basic research.
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