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ABSTRACT 
This paper explores the possibilities of 
usmg narrow transcriptions as an 
enriched alternative to an open response 
identification test in the evaluation of 
synthetic speech at the segmental level. 
To that end, transcriptions of synthesized 
phonemes were compared with the cor- 
responding identification data. It is con- 
cluded that transcription should not be 
used in place of but rather in combina- 
tion with an identification test. 

1. INTRODUCTION 
Probably the best known test for evaluat- 
mg synthetic speech at the segmental 
level is the Modified Rhyme Test (MRT) 
[6], used extensively for the comparative 
evaluation of American English synthe— 
srs systems. In the MRT, initial and final 
consonants are tested separately with 
meaningful English CVC words. For 
each stimulus word the listeners are pre- 
sented with six alternatives, from which 
they have to choose the correct response. 
Although the MRT has several advan- 
tages, such as speed and case of adminis- 
tration to untrained subjects, it has been 
cntisized extensively in the literature, 
especrally with respect to the restrictions 
unposed on the responses and the limited 
phonetic contexts in which the target 
consonant's are presented [cf. 3]. The 
objections raised are particularly serious 
if the test_is to be used for diagnostic 
purposes, i.e. to assess the flaws of a 
system with a view of improvement, 
rather than comparative purposes, i.e. to 
relate a system‘s overall performance to 
that of other systems or other variants of 
the same system. 
An alternative approach, adopted regu- 
larly rn the diagnostic evaluation of 
synthesrs of European languages [e.g. 
2,7] rs to use an open response task with 

meaningful and meaningless words of 
various structures, such as CVC, VCV, 
VCCV, and CVVC. In this way, the 
confusions found reflect true, unbiased 
perceptual characteristics of the stimulus 
sounds and information is gained on the 
intelligibility of phonemes in a wide 
variety of phonetic contexts. With the 
right equipment, the responses can be 
analyzed (semi-)automatically and pre- 
sented insightfully in terms of percentag— 
es correct phoneme identification and 
phoneme confusion matrices. The sub- 
JCCtS need to be trained in the use of an 
unambiguous notation system, but the 
time investment can be relatively small 

.if foreign language students are used. 
Although the approach described can 
certainly be considered to be an 
improvement over the MRT in diagnos- 
tic evaluation, one could speculate 
whether it would not be possible to have 
an even more finely tuned measuring 
instrument. For it is not difficult to point 
out some characteristics of open 
response identification tests which in 
their turn limit the type and detailedness 
9f the information yielded. For example, 
if the subjects perceive more than the 
intended number of input phonemes, 
they are forced to make a choice. Also, 
responses are limited to the phoneme 
mventory of the language in _question. 
DeViations from standard, natural pho- 
neme realizations (e. g. undue aspiration, 
excessively abrupt voice onset, inade- 
guate segmental duration) cannot be 
indicated. Moreover, voice quality fea- 
tures, such as creak or whisper, are left 
out of consideration. Nevertheless, it 
could be argued that these types of infor- 
mation can be relevant to improve the 
segmental quality of synthetic speech, 
especrally With respect to acceptability 
(naturalncss, pleasantncss). 

If one wants to go further than improv— 
ing synthetic phoneme quality from a 
purely functional point of vrew, i.e. in 
terms of identification as the intended 
phoneme, one may consider taking 
recourse to highly trained listeners who 
have an extensive symbol inventory at 
their disposal to denote subtle and devi- 
ant sound characteristics, without any 
preim sed restrictions. The possibili- 
ties o this approach were first explored 

by Van Gerwen and Vieregge [5], who 
used the narrow transcriptions made by 
one experienced ear-phonetician to 
improve the quality of a text-to-speech 
conversion system for Spanish. More 
than 200 words were transcribed twice, 
the first time to assess segmental imper- 
fections, the second time to check the 
effects of alterations. 
The present study was designed to gain 
insight into the relative merits of narrow 
transcriptions and data yielded by an 
open reSponse identification task as 
means of diagnostically evaluating the 
segmental quality of synthetic Speech. 
The comparison took place within the 
framework of the Dutch SPIN-ASSP 
program (1985-1990), which was set up 
to improve text-to—speech conversion for 
Dutch. First, methodological details will 
be given. Next, results will be presented 
and discussed. 

2. METHOD 
2.1 Open response identification task 
In April 1990 a segmental intelligibility 
test was conducted to evaluate the output 
of seven synthesis systems for Dutch. 
For each system, 100 CVC words and 
100 VCCV words, phonotactically per- 
missible combinations of Dutch pho- 
nemes, were presented in an open 
response identification task. Most words 
were meaningless, a few were meaning— 
ful. Each phoneme was presented in 
several phonetic contexts (for further 
details, see [1]). Eleven advanced stu— 
dents of English from the University of 
Nijmegen served as subjects. All had 
some practical knowledge of phonetics, 
specifically applied to the pronunciation 
of English, but none had any experience 
in listening to synthetic speech. They 
were paid for their participation. 
Each CVC and VCCV stimulus word 
was presented once, with an interstimu— 

lus interval of 4 sec. The responses were 
typed on terminal keyboards. All conso- 
nants and vowels had to be identified, 
using a specially deve10ped, simple but 
unambiguous notation system. The task 
was an Open response task in the sense 
that any combination of phonemes could 
be responded with, provided the number 
of phoneme responses corresponded 
with the number of intended phonemes 
in the stimulus word. At a later stage, the 
subjects' responses were analyzed (semi- 
automatically) in terms of percentages 
correct phoncmc identification and pho- 
neme confusions. 
The identification task proper was pre- 
ceded by a short training of 30 minutes 
in which the notation to be used was 
explained and practiced. Furthermore, 
in the actual identification task, each 
subblock of CVC and VCCV stimuli 
was preceded by 10 practice stimuli of 
the corresponding type and synthesis 
system. 
2.2 Transcription task 
A large part of the stimulus material pre- 
sented in the identification task was tran- 
scribed by 30 students of Speech and 
Language Pathology from the University 
of N ijmegen as part of a comprehensive 
course in segmental transcription of 
pathological speech. They worked in 
pairs, each of the 15 pairs yielding con- 
sensus transcriptions for 70 CVC and 
VCCV words, 10 for each synthesis sys- 
tem. 
Since it would have been too time- 
consuming to examine the transcriptions 
of all phoneme realizations, it was clear 
a selection had to be made for the pur— 
pose of the present study-. It was decided 
to consider the transcriptions of the reali- 
zations of one target phoneme for each 
of the seven CVC and VCCV phoneme 
positions for each of the seven synthesis 
systems, i.e. the realizations of 49 target 
phonemes. In view of the special rele— 
vance of a good diagnosis for poor pho- 
neme realizations, in each case the pho- 
neme which had yielded the lowest mean 
intelligibility score in the identification 
task was selected. The intelligibility 
scores for the target phonemes varied 
considerably (between 0% and 84% cor- 
rect), as a function of phoneme category 
(vowel versus consonant), phoneme 
position, and synthesis system. 
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On the average, each target phoneme 
occurred in 5.9 different words, amount— 
ing to a total of 291 phoneme realiza— 
tions. The students' consensus transcrip- 
tions of these phoneme realizations were 
checked by the second author, an ear- 
phonetician experienced both in the tran— 
scription of normal and pathological 
speech. A small part of the material 
(about 15%) was transcribed by him 
alone. The transcription system used 
was the one described in [4], i.e. the 
Extensions to the International Phonetic 
Alphabet for the transcription of atypical 
speech. 

3. RESULTS AND DISCUSSION 
The neatest way to establish the relative 
merits of an identification test and tran— 
scription as tools for improving synthetic 
speech would be a pretest-posttest 
design in which the effects of alterations 
based on the outcomes of the two meth— 
ods were independently assessed and 
compared. It may be clear that this 
approach is practically unfeasible. 
Instead, we decided to use the results 
from the identification task as a refer- 
ence for establishing the possible useful- 
ness of transcription as an alternative 
means in diagnostic evaluation. After all, 
synthetic speech is primarily developed 
to allow man—machine communication in 
various applications. So, a first prereq- 
uisite of synthetic output is that it can be 
understood by "normal" human listeners, 
that the sounds produced are interpreted 
in terms of the intended phonemes. Any 
segmental diagnostic evaluation method 
should be capable of showing to what 
extent this basic condition is fulfilled. In 
other words, if transcription is to be con- 
sidered as a valid diagnostic tool the data 
it yields should agree with the identifica- 
tion results obtained in a segmental intel- 
ligibility test. 
Ideally, in addition to this basic informa- 
tion, narrow transcriptions should yield 
more. However, as was stated before, the 
usefulness of this extra information for 
diagnostic purposes can really only be 
assessed by formally testing the percep- 
tual effects of the resulting alterations 
applied to the system in question. In the 
present study all transcription details 
throwing light on particular synthesis 
characteristics were considered as poten- 

tially useful on two conditions, (1) that 
they were systematic, i.e. occurred in at 
least half of the transcriptions pertaining 
to the realizations of one particular target 
phoneme, and (2) that they could not be 
inferred from the results yielded by the 
identification task. 
With these definitions of what consti— 
tutes basic and extra information in 
mind, the transcriptions were carefully 
examined. To facilitate generalizations, 
each series of transcriptions pertaining to 
the realizations of the same target pho- 
neme were assigned to one of the fol- 
lowing three categories: - 
1. Equivalent to the identification meth- 
od, i.e. leading to the same qualitative 
and quantitative interpretation in terms 
of correct and incorrect phonemes. 
2. More informative, leading to the same 
qualitative and quantitative interpreta- 
tion and, in addition, providing extra 
information as defined above. 
3. Misleading, leading to a qualitatively 
or quantitatively different interpretation, 
suggesting an overestimation or an 
underestimation of phoneme intelligibili- 
ty. 
The distribution of the (series of) tran- 
scriptions for the 49 target phonemes 
was 30, 7, and 12 in categories ], 2, and 
3, respectively. So, in 30 cases (61%), 
spread over all 7 synthesis systems, the 
transcription and identification methods 
were found to be equivalent in the sense 
that they yielded the same basic informa- 
tion in terms of correct and incorrect 
phonemes. 
In 7 cases (14%), spread over 5 systems, 
transcription appeared to be more infor— 
mative, providing additional information 
which was considered potentially useful 
for the improvement of the segmental 
quality of the synthesis system at hand. 
The information pertained to voice qual- 
ity (3 cases), to the undue presence of & final consonant in VCCV words (2 cas— 
es). to diphthongization (1 case), and to 
overly strong phoneme realization (1 
case). 
In 12 cases (24%), spread over 6 sys— 
tems, the transcriptions proved mislead- 
ing in the sense that they did not corre- 
spond with the pattern of responses 
obtained in the identification task. In 7 
cases the difference was qualitative, in 5 
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cases quantitative. Of the _latter, 2 would 
have led to an overestimatron and 3 to_a_n 
underestimation of phoneme mtclllglblll- 

. We were somewhat amazed by the 
relatively high number of category 3 cas— 
es, since we had expected the transcnp- 
tions to generally show the same pho- 
neme distribution as found rn the 
identification task. The pomt was_ not 
clarified by an inSpection of the original, 
unchecked transcriptions, since the M- 
ferences found hardly affected the cat— 
egorization (there was only one doubtful 
case . 
In 3313! case, the outcome of the present 
study suggests that it is somewhat nsky 
to use narrow transcriptions made by 
highly trained listeners as a substrtute for 
an Open response identification task wrth 
moderately trained listeners. Apparently, 
the transcriptions are not_always a good 
predictor of the commumcatrve adequa— 
cy of a system in terms of phoneme. cat— 
egorization. Moreover, the transcnptron 
approach has other drsadvantages as 
well. One needs highly skilled listeners 
who have been trained extensively;_the 
method is extremely time—consumrng; 
the designer of the synthesis system has 
to be able to interpret the transcription 
symbols; and the data are very difficult 
to summarize in an insightful manner. 
This does not mean to say that we deny 
any role to transcription in the evaluation 
of synthetic speech. After all, the 
present study revealed several cases 
where transcriptions provided potentially 
useful diagnostic information not dedu- 
cible from the results yielded by an Open 
response identification test. The reader 
may recall that only those transcription 
details were categorized as potentially 
useful that occurred systematically rn the 
transcriptions of the realizations of the 
same target phoneme. This is a rather 
strict condition, and it cannot be exclud- 
ed that much more potentially useful 
information was contained in the tran- 
scriptions of individual items. _ 
We are convinced that narrow transcnp- 
tion can contribute significantly _to_th_e 
improvement of synthetic speech if it 1s 
used with specific questions in rrund,_r.e. 
at a more "local" level. One could think, 
for example, of a configuration in whrch 
a system developer consults one or more 

transcribers to test the validity of specif— 
ic hypotheses based on his own percep- 
tion - after all, it is : well-known fact 
that system developers generally lose 
objectivity when listening to the output 
of their own system - or, perhaps even 
better, to clarify the outcomes of a for— 
mal identification test. In our experience, 
the efficiency of this procedure rs 
enhanced if the written transcriptions are 
accompanied by oral explanations. 
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