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ABSTRACT

People working on spoken language technology are, amongst
other things, confronted with the multiformity of the surface
phenomenon speech. Automatic speech recognition is
extremely difficult because there is a strong inter- and intra-
speaker variability. People speak different in different situa-
tions. Developers of speech synthesis systems try to map that
multiformity of natural speech onto automatically generalized
speech. For both fields, speech recognition and speech synthe-
sis, it is of central importance to understand the underlying
principles of speech production and perception.

Different scientific disciplines have contributed to collect
information on this issue. In this paper a psycho-acoustic
approach is described. Similarity profiles representing spaces
of perceptual distinction are presented: Profile A is based on
judgements gained in an introspective way, Profile B visual-
izes judgements on natural speech, and Profile C on synthetic
speech. The study shows that there are quite severe differences
compared to natural speech. The paper will concentrate on
describing the perceptual dimensional representations of natu-
ral and synthetic speech. Data are compared and interpreted
with regard to their role in synthesis assessment. A detailed
analysis of test results will give some indications of why
speech synthesizers often suffer from intelligibility and
acceptability.

Keywords: Spaces of perceptual distinction of natural and
synthetic speech, similarity profile of basic speech elements.
Field of application: speech synthesis, speech recognition, and
speech-output assessment.

1. INTRODUCTION

Speech production is in close accordance with speech percep-
tion, and vice versa. The form of speech communication is
directed by the tendency of speaker and listener to balance out
the effort neccessary for an economic exchange of informa-
tion. The underlying tendency of both speaker and listener is
to avoid unnecessary waste for speech communication.

For people who are working in the field of speech technology
it is one of the central aims to get more information on the
underlying processes and decisive factors that balance out the
effort for speaker and listener. One approach is to find a proto-
typic speaker and a prototypic listener, detect and investigate
their principles of communicative interaction and map them
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onto the field of speech technology. This is a demanding task.
Just the classification of whether an utterance has an appropri-
ate form or not is not too difficult a task: If listeners are asked
to judge on the appropriateness of the form of speech signals,
they generally have no problem to make a simple yes/no deci-
sion. The only point that makes it difficult for them to decide
is when a speech signal is taken out of its functional context,
because appropriateness of speech is closely linked with the
communicative situation.

If the functional context is given, and even if intelligibility is
beyond question, listeners seem to have a quite distinct view
on which speech utterances fall within the scope of accepted
realisations and which ones are beyond that realm of tolerated
possibilities. That borderline seems to be generally the same
for the majority of members of a speech community.

It is, however, extremely difficult to extract diagnostic data on
where these decisions have their roots in. When intuitively
judging listeners are asked to reveal the reasons for their deci-
sion most of them mention criteria as intelligibility, natural-
ness, or clarity only. More detailed information is given only
exceptionally. Thus, many listeners judge globally, and they
find it difficult to name factors that contribute to their decision.
And, if they make an attempt to describe them after all, expla-
nations are highly individual.

The intriguing question is: Why can a listener decide consider-
ably quick whether a spoken sequence is acceptable:l or not?
‘What does he base his judgement on? How can information on
judging principles be collected?

Experience with synthetic speech led to the assumption that it
is not of primary importance that each basic speech element is
articulated in a specifically distinct manner. There are, e.g.,
speech output devices available where nearly each speech ele-
ment can be identified without any problem. When people lis-
ten to that synthesizer most of them judge acceptability to be
fairly poor. On the other hand, if they listen to a natural voice
of a non-native speaker with, e.g., an inappropriate pronuncia-
tion, acceptability can be absolutely high.

Consequently, the assumption is that not the quality of speech
elements alone, but also their mutual relation in a production-

1. The question of whether it is really acceptability that is a
decisive factor for speech quality in such a case or whether it
is different other characteristics of the signal is not important
here. What is important for argumentation is that listeners
have a noticeable pronounced attitude towards the expected
form of speech. In the following this will generally be sub-
sumed under the term ‘acceptability’.
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and perception-network is a decisive factor for acceptability of
speech utterances. A first attempt to collect more information
on this topic is our so-called ‘Cluster-Similarity-Study’. The
approach will be described and discussed in the following. It is
neccessary to point out here that the study can have the status
of a pilot study only; although results are quite interesting,
their validity must be verified in more extensive investiga-
tions. In this paper general trends will be discussed.

2. THE CLUSTER-SIMILARITY STUDY

In a study carried out 2 years ago for the German language /3/,
data were collected on the similarity of consonant cluster
pairs. In this study, subjects were visually given a cluster/
vowel pair as, e.g., ItRal - IStRal, and they had to decide on the
degree of similarity in an introspective way (i.e., without hav-
ing a reference speech signal). Afterwards the study was
extended in such a way that in two separate studies recorded
acoustic-phonetic images of natural and of synthetic speech
were judged on under the same conditions. Before these data
will be discussed in detail, a general description of the
approach will be given in the following paragraph.

2.1. TEST INVENTORY

As already mentioned, consonant clusters have been chosen as
test stimuli. The entity ‘cluster’ - paired with elements of the
vowel inventory - is a universal constituent by
concatenation of which each German word can be
formed. In contrast to the basic brick ‘single con-
sonant’ - that is, of course, a universal element
also - the cluster is a speech production and per-
ception entity that is closer to natural speech since
assimilations can be registered also.

In the preparatory phase of the study, three differ-
ent cluster lists (one for word initial, one for
medial and one for final consonant clusters) were
compiled with each cluster embedded in the same
vowel environment lal.

word initial: 62 entries

e.g., ltal, Ipfal, kal, ItRl, izal, Igal, Ival, ...
word medial: 173 entries

e.g., latal, apfal, lakal, lazal, lagal, ..
word final: 80 entries

e.g., latl, lapfl, lakl, lasl, lafl, ..

For the test, each single list item was paired with
each of the remaining items so that all combinato-
rily possible permutations were collected for each
list, namely Ital - Ipfal, ltal - Ikal, ltal - ItRal, ltal -
zal, Ita - 1gal, Ital - Ival, Ipfal - Ikal, ....

A pair was sent only unidirectional, i.e., ital - Imal
was tested, but not imal - ltal. (The figures that
follow contain redundant information. The
impression of a direct mirror image of tested pairs
is not intended; it is simply due to technical
reasons.They are to be read the following way:
The two axes list the elements of the test
inventory; the colour at each crossing point
indicates the degree of similarity which ranges
from white = extremely dissimilar, indexed 5,
through different black/white gradations, black
indicating maximum similarity.)
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Consequently, 1953 pairs of initial clusters, 15051 of medial,
and 3240 pairs of final clusters were grouped and tested. In
this paper data are discussed where clusters are coupled with
the vowel lal. (Data are also available where the same clusters
are put in the vowel environment la:l, {aUl, {Ul, and lu:l, but a
detailed analysis of these would go beyond the possibilities of
this paper.) The task for the subject was to judge on the stimu-
lus pair with respect to the similarity of the two consonant-
vowel entities. Answers were given on a five-point-scale,
ranging from highly similar to extremely dissimilar. The steps
are marked by numbers:

degree of dissimilarity
-

1121314715

2.2 STUDY A: INTROSPECTIVE
JUDGEMENT

The study described in /3/ was run with four subjects. A
database is available that represents the similarity profile of
consonant clusters for the German language gained in an
introspective way. In this paper focus lies on the discussion of
some prototypical results, i.e., results from individuals. Until
now only some basic statistical analyses have been carried out
which go into the interpretation of results. A more detailed
paper on inter-individual differences in judgements is in

Fig. 1: Similarity of initial consonant clusters
Study A: Introspective judgement
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Fig. 2: Similarity of initial consonant clusters
Study B: Natural Speech

preparation. Since the discussion of all profiles would be too
spacious the ones for the initial word position are picked out
only. Similar tendencies, however, can be seen in the profiles
for word medial and word final cluster/vowel pairs.Results are
depicted in Fig. 1.

2.3 STUDIES B and C:

SIMILARITY PROFILES FOR NATURAL
AND SYNTHETIC SPEECH

The question that was of primary importance now was
whether the data gained in an introspective way (from now on
referred to as ‘Study A’) are representative of natural speech,
or, in other words, whether this map can claim a kind of uni-
versality. In order to check this, speech signals were classified
according to consonant cluster similarity. The problem, how-
ever, is that a human being adapts his way of speaking to the
material he/she has to articulate. In order to overcome this
troublesome side-effect, the cluster-vowel-entities were first
embedded in carrier sentences. For each cluster position the
carrier sentence was the same.

Carrier phrase (word initial position):

“Das wire (consonant cluster+vowel)telei gemacht.”
Example: “Das wire tatelei gemacht.”

Carrier phrase (word medial position):

“Das (vowel+consonant cluster+vowel)rung ist schon.”
Example: “Das atarung ist schon.”

Carrier phrase (final cluster):
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“Das StoBgeb(vowel+consonant cluster)
ist ohne Sinn.”

Example: “Das StoBgebat ist ohne Sinn.”

This inventory was used for two succeed-
ing different studies: In study B a profes-
sional broadcast announcer read aloud the
sentences in an anechoic chamber. The
material was recorded and, by means of a
signal editor, the target cluster and its affil-
iated vowel were cut out from each sen-
tence. Each cluster/vowel entity was
stored, and a similarity study was carried
out where subjects listened to natural
speech (consonant/vowel cluster pairs).
This study was run with three subjects.
The results are depicted in Fig. 2. In study
C the same sentences were synthesized by
a text-to-speech system. Again, the mate-
rial was recorded and processed after-
wards; target consonant/vowel entities
were cut out and paired with each other.
Subjects listened to the signals and judged
on their similarity. In Fig. 3 the results are
visualized.

3. RESULTS

Judgements given by all subjects who par-
ticipated in Study A are - apart from some
minor differences - comparable to those
ones depicted in Fig. 1 as an example.
Clouds of phonetical similar clusters can
be found along the diagonal. These clouds
are, of course, dependent on the sequence
in which the clusters are ordered on the
axes. This order was arranged according to
a coarse distinctive feature distribution of cluster elements.
However, it can be seen that a pure feature analyis is not fully
adequate in order to predict the similarity of cluster pairs. The
pair Ipfal - Ival, e.g., is judged as being dissimilar (index 4), the
pair Ipal - Ival is classified as being extremely dissimilar (index
5), whereas the pair Ifal - |val is indexed 2 (similar).

The results of Study B, where cluster pairs have been judged
on that were read aloud by a professional broadcast reader,
show a ‘cleaner’ picture than the ones of Study A. Most items
are obviously well articulated so that there are distinctive fea-
tures present in the speech signal which allow for a clear dis-
tinction. Nevertheless, some clouds along the diagonal are
also outlined similar to the more marked ones in Fig. 1.

In contrast to Study B, however, the similarity profile for syn-
thetic speech is much more chaotic. There are also comparable
clouds along the diagonal, but the whole picture is very ‘trou-
bled’. The most striking fact is that a novel pronounced cloud
appears around the coordinates Ibl, pl, pfl, kI, gl, mn, pn, kn,
gn, gm, pfland Im, n, b, p, d, t, g, k, 1, h, v, f, RI. This was not
expected since preceding intelligibility tests gave no hints at
all that these speech elements are kind of problematic.

4. INTERPRETATION OF RESULTS
A first look at the data suggests that the chosen approach

opens up the possibility of accessing the problem of accep-
tance and naturalness of synthetic speech (or of distorted
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Fig. 3: Similarity of initial consonant clusters
Study C: Synthetic Speech

speech in general). Along these lines of thinking, the follow-
ing hypotheses can be formulated: Looking at the data that
represent the similarity of clusters articulated by the broadcast
reader one can draw two conclusions:

-1-  The speaker pronounces the elements in an overarticu-
lated way. Each element is characterized by a multi-features
set that bears so much redundancy that a confusion with neig-
bouring elements is unlikely.

-2-  The speaker pronounces the elements in a prototypical
way. His speech behaviour is a kind of prototype that corre-
sponds to those reference patterns that speakers and listeners
have internalized during the long run of language learning. He
does not assimilate or elide elements where the listener does
not expect it nor does he have any dialectal or sociolectal char-
acteristics blurring the distinctivity.

The similarity profile gained in Study A, however, is not as
clear as the one of Study B. When the subject has no direct
acoustic-phonetic signal but just an imagination of such a sig-
nal, then the limit of tolerance is more open. Obviously differ-
ent speech representations such as dialectal, sociolectal,
ideolectal characteristics are taken into account so that the
judgement is more general.

Data that represent the degree of similarity of synthesized
clusters, however, indicate that the limit of tolerance is
exceeded. Subjects who had run intelligibility tests with the
same synthesis beforehand were interviewed, and all reported
that they had to concentrate very much on the signal character-
istics - otherwise they would not have been able to identify
elements. That means that there are indeed distinctive features
present in the synthetic speech signals, but these are obviously
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not as pronounced as the ones of natural speech.
This does also explain why persons who have never
listened to synthetic speech beforehand have quite
severe problems in understanding what is being
said, but that they can learn to understand the sys-
tem after some time. Also, it explains why the gen-
eral acceptance is very low. The effort of listening
is too high in order to use such a system in every-
day situations. However, a person for whom a syn-
thesis system might be of help (e.g., a blind person)
is much more willing to adapt himself to system
peculiarities. In consequence, system developers
who want to improve the acceptance and natural-
ness of a speech output device, should aim at
designing a system the speech elements of which
are judged inside the thresholds of natural speech as
given, e.g., in Fig. 1 and 2.

Although initiated by research in the field of speech
assessment, the results of these studies are further
applicable to related fields. Worth mentioning are
here speech synthesis and speech recognition,
assessment, speaker variability, and speaker verifi-
cation.

5. SUMMARY

Results of the Cluster-Similarity Study shows that
there are quire severe differences in perceptual
dimensional spaces of natural and synthetic speech.
Relations between synthesized speech elements and
natural speech bricks deviate in many aspects. Pres-
ently a synthesizer is under development that uses
exactly the same speech entities that have been
used as speech material for Study B. It will be interesting to
see how global acceptability and naturalness of that synthe-
sizer will be judged on.
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