Comparative evaluation of synthetic prosody with the PURR method
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linearly related to the ME scale, while for a prothetic continuum
ABSTRACT it is linearly related to the logarithm of the ME scale. We will

) relate to this in section 5.4.
In order to evaluate the prosodic output of a speech synthesis

system independently from its segmental quality, we have 2. METHODS OF PERCEPTUAL
developed a special way to delexicalize speech stimuli which
we call PURR (Prosody Unveiling through Restricted EVALUATION

Representation). We compared the use of PURR stimuli for theqpite of attempts to standardize prosody evaluation [4] there
evaluation of prosodic naturalness in three different teqt i) no established procedure. A number of test paradigms are
designs: magnitude estimation (ME), categorical estimatigfiseq to assess the overall quality of synthetic speech. One of
(CE), and ranking order (RO). Sentences of different types Wejiga; is the magnitude estimation (ME) technique which has

synthesized bg/ SIX k(]Berman s_yntheS|s systems.. Tlhe_ ngz%%ven suitable for synthetic speech evaluation [8]. It consists
utterances and one human voice were comparatively judge gf"a direct estimation of the perceived size of the attribute in

experienced listeners. On the whole the results of all thr estion and its results are considered to be on a ratio scale.

methqu are in %OOd :greher_nent.f Chorllcedof stimuli seems to Srthermore an ME evaluation procedure takes less time than
more important than the choice of method. the PC procedure. Pavlovic et al. [7] compared ME with PC in a
quality evaluation of four different synthesis procedures and

1. INTRODUCTION three different prosodic rules. There were 16 subjects for each

With improving intelligibility of synthetic speech it becomes?"aluaﬂon method; §tif,nulus material was described as
necessary to assess other aspects of speech. Trelseajor S€ntence test material’. They reported a good general
dimension of speech quality is naturalness [6]. Naturalne8&greement between the two methods.

itself is composed of several _factors such as voice qual'_tbelogu et al. [2] evaluated the quality of a human voice (with
prosody etc. Though prosody is often modeled by a specifig,y \yithout distortion), three formant-based synthesizers and
component within a synthesis system, there are inhergffeq \ocoders. They compared the results of ME, PC, CE, and
problems in assessing its performance separately. One ML reaction times (RT) of a word monitoring task with ten
problem of prosody assessment in perception tests is 0 foyfiects and six sentence pairs as stimuli. Their conclusion was
the listener's attention on the prosody alone. When USijgy: pc had the best discrimination capability (dividing eight
unmanipulated speech stimuli other factors (like meaningersions into  six significantly different subgroups), ME

intelligibility, voice quality etc.) may influence the 'iStener'Sdiscriminated better than CE and RT yielded the fewest
judgement. By a delexicalisation of the stimuli we ensure th%&atistically significant differences.

the listener perceives only the prosody of a given utterance.

. . . Categorical estimation (CE) (also known as 'mean opinion
Synthetic speech evaluation meds are often described aSgqqre MOS) on a 5-point scale is proposed as a standardized
being either ‘diagnostic’ or ‘global’. The experiments in thigethog by [1]. However, there is still disagreement about the
paper can be regarded to be both, ‘diagnostmase only the mper of categories to be used. CE results are usually assumed
prosody is assessed and ‘comparatieeabse the final output 1, e on an interval scale, but it can be criticized that the
of any synthesis system can be used as basis for the stimulifgeqories are not necessarily equidistant. Even though we are

be judged. aware of this problem we will continue to assume CE results to

The condition for any perceptual evaluation is the existence of?§ On an interval scale in this paper.

relation b_etwee_n the perceived magn_itude and the physica}l Si&BIdstein et al. [3] compared ME with a 5-point CE and an 11-
of the stimulation. Stevens [12] divided perceptual continugsint CE evaluating naturalness with different stimulus ranges.
into two general classes. Sensory perceptions like loudne§gere were eight subjects, four sentence pairs, and four to six
brightness or weight are mediated by an additive physiologicgliterent versions, respectively. They concluded that both the
process and termed “prothetic”. Perceptual continua that aigshog and the stimulus range affect naturalness ratings.
based on a substitution of excitation are termed “metathetic,&atings on the 5-point scale seemed to systematically
The former indicate a change in quantity while the lattegyqrestimate voices of poor naturalness as compared to the 11-
indicate a change in quality. The way to establish whether Hdint scale.

attribute is prothetic or metathetic is to observe the relation

between results of magnitude estimation (ME) and categoricahlza et al. [9] compared CE of seven attributes on a 5-point
estimation (CE) scales [3] or of ME and pair comparison (PGcale with PC. They reported a good agreement of the results of
scales [7]. For a metathetic continuum the CE/PC scale liwth methods for a quality evaluation of three differently



configured synthesizers. Listener (18 subjects) and sentence {@Qgive their ratings on a 5-point scale on the adequacy of a)
sentences) effect were reported to be significant in many caseaccent placement within sentence, b) the odhel of the

decided | h hd b I i sentence, c) the temporal structure of the sentence and d) on the
We decided to replace the PC y an overall ranking .,yerg|| naturalness' in four different test sessions, respectively.

or.der (RO) task. I.nstead of comparlng only two versions of OPfhe seven versions of the ten sentences were evaluated twice by
stimulus at one time, our subjects were asked to put all sevg.

- h ) ’ Leh subject.

different versions of the same sentence in the appropriate

ranking order. The results of this experiment are ordinal valu€sr the RO task subjects were asked to assign a ranking order
and can therefore only be subjected to a restricted statisti¢at7) to the seven versions of each sentence according to the
analysis. We compared ME, CE and RO according to theierceived naturalness. They could listen to each individual

discrimination capability. stimulus as many times as they wanted.

3. STIMULI GENERATION AND For all three experiments presentation order was randomized
and during each audio presentation thbagtaphic form of the
MANIPULATION

sentence appeared on a monitor screen; subjects had been

In order to collect the stimuli independently from the systerStructed to read them while listening.
developers they were either downloaded from interactive web
sites or generated by freely available demo versions. They were 5. RESULTS

calibrated to the same mean intensity and stored digitally (16bit, . . .
16kHz; one system had to be upsampled from 12kHz). Tré-l- Magnitude estimation (ME)

stimuli came from five concatenative synthesis systems, %%%e drawn lines were measured manually with an accuracy of

form_ant based syStem and one human speaker. Al_l SEVERcm and normalized by dividing each raw line length by the
versions were male voices. 16 sentences of each version W%;i%

. - gepmetric mean of the line lengths of each subject. These
recorded, ranging from 3-21 syllables. The sentences compris g J

- Y i stat ¢ d d The orth ormalized values formed the basis of all further analysis. An
.S'X gquestions, Six s_a emen_s an our_or ers. The or . Ograpall%llysis of variance indicated that the effects of version, of
input text was terminated with a question mark, a period or

. : %%ntence, and of subject were statistically significant (p<0.05).
exclamation mark, respectively. A post-hoc Scheffé test further analyzed the significant
In prosody research a number of different methods for tHéfferences. Only one subject gave significantly different
delexicalisation of speech stimuli have been applied [10]. Wedgments than the others. For versions three subgroups could
have compared several methods and found the PURR signal®@ssignificantly distinguished: the human version, versions a-c
described in [10] to fulfil the three requirements of adequa@d versions d-f. The intraindividual consistency was measured
transportation of prosodic functionality, easy listening, an@y correlating first and second presentation and was ¢=0.68
automatic generation. The manipulated stimuli contaifPearson's correlation coefficient, p<0.01, N=616). The effect of
information about the rhythmic organization of the utterancéentence type was not statistically significant. Nevertheless a
the intonation (pitch movements) and intensity distributioncloser look at the different sentence types shows that system
Segmental factors such as possible mistakes in the phonéetigler changes according to the sentence typier observation
transcription of the orthographic input string or shortcomings itse€e Figure 1). The human version always comes first, but for
the unit inventory are not present in the signal and can therefor 5

not influence the listener's judgement. N
Q
o
4. EXPERIMENTS g
o version
Usually ME is done numerically, i.e. subjects assigh a numbe & O
to the perceived magnitude of the attribute under observatior 5 3 e
To prevent the influence of known numerical scales (e.g. schoc £ Cla
. .y . . . [}
marks or percentages) on the intuitive estimation a line lengtl £ .
. B . . . . (=2} 2
estimation was carried out instead. 12 experienced listener 3
. . = o
were divided into two groups. Each group evaluated half of the Y&
sentences (i.e. 8 sentences) twice by drawing a line on a sheet gt [d
paper. First all stimuli were presented to give an impression o é [
the stimulus range. Judgments were made during the secor 5 | o
. . . . . c
presentation. Timing was fixed and each test sessmhabout 6 questions 6 statements 4orders
30 minutes.

number and type of sentence
Due to time constraints six randomly chosen sentences were
excluded from the CE and RO experiment. As a consequencRyure 1: Median, interquartile range, minimum and maximum
we were not able to further study the influence of sentence typg.the ME judgmentaccording to sentence type.
In the CE experiment we compared the ratings of different
attributes, namely ‘overall naturalness’, ‘accentuation’,
‘intonation’ and ‘rhythm’. 14 experienced subjects were asked



example version b moves up to position two when we considanalysis yielded significant differences (p<0.05) between all
statements only. Concerning questions version e scores muehtsions except for the two best and the two worst synthetic

better than versions d and f. versions (see Figure 4). Subject and sentence effect could not be
] . . analyzed because of the test design where each subject gave
5.2. Categorical estimation (CE) scores of 1 to 7 for each sentence.

An analysis of variance of the CE results indicated that thg 4. Comparison of the three methods
effects of version, of sentence, and of subject were significant

(p<0.05). A post hoc Scheffé test showed that th@/e correlated mean ME, mean CE and median RO judgments
discrimination capability between the seven versions differger version and sentence. Table 2 shows a slightly greater
according to the different attributes. Whereas the ratings fagreement between ME and CE than between RO and the other
rhythm significantly distinguish only three subgroups, théwo methods. The linear relation of CE and ME results (Figure
ratings for accentuation and naturalnessmystish four and the 3) seems to sustain the assumption that the attribute 'naturalness’
ratings for intonation even distinguish five different subgroupgin this case: 'prosodic naturalness') is a metathetic continuum
In any case the human version constitutes the top subgroup[8/¥]. What may be more important is the agreement of the
its own. As can be seen in Figure 2, the overall ranking ordeverall ranking order between all three methods. Figure 4 was
remains the same for all four attributes, except for theomputed by a linear transformation of the ME and CE results
intonation ratings, where first and second synthetic versiao match the lowest and highest value of the RO medians.

swap positions. Intraindividual consistency (Pearson's

correlation coefficient of first and second presentation) was -

c=0.6 (p<0.01, N=980) in this experiment. Another point of Correlation ME CE RO
interest was the relation between judgments of the individual ME - 0.87 0.74
attributes. In Table 1 we see that intonation correlates higher CE 0.87 - 0.76
with naturalness than the other two attributes. RO 0.74 0.76 -

Table 2: Correlation coefficients (Spearman'’s) of the different
test methods' results (p<0.01, N=70).

Correlation | naturalness accentuation rhythm intonation
naturalness - 0.65 0.69 0.79 5
accentuation 0.65 - 0.65 0.58

rhythm 0.69 0.65 - 0.61
intonation 0.79 0.58 0.61 - 4

Table 1: Correlation coefficients (Pearson's) of the different
attributes evaluated (p<0.01, N=980).
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£ Figure 3: CE results plotted against ME results to show the
§ | hawrahess linear relation between them (the different versions are
g2 intonation indicated by squares).
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6. DISCUSSION

Figure 2: Mean opinion scores of the CE for each attribute Looking at the ten sentences that were used in all three

evaluated across the seven versions. experiments we find the same overall ranking order for all three
methods (Figure 4). However, with the greater range of stimuli
(16 sentences) in the ME experiment, version b and ¢ swap
5.3. Ranking order (RO) place in the overall ranking order. Not only the number of
stimulus sentences but also sentence type affect the overall
We applied a non parametrical statistical analysis (ManRanking order. The ME ratings with 16 sentences clearly divides
Whitney-U test) to the results of the RO experiment. Thighe seven versions into three subgroups: human, versions a-c
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Figure 4: RO median, ME and CE mean of naturalness
judgments across the seven versions.

and versions d-f. ME and CE naturalness ratings with 10
sentences result in four overlapping subgroegsh. RO ratings
even suggest five different subgroups. Taking all results into
account we conclude that range and choice of stimuli can be
more important than the choice of the evaluation method. We
would therefore safely distinguish the human version from three
‘good’ systems and three ‘bad’ systems but make no further
distinctions. Instead if a comparison of the systems within one
of the subgroups is desired we suggest a separate evaluation of
these systems only. 8.

One thing that we ruled out from the very beginning is the
segmental influence on the judgments. It must be emphasized
that we did not evaluate the overall naturalness of the versions,
but only theirprosodic naturalness. A formant-based system 9.
which usually scores at the lower end of the scale when
unmanipulated stimuli are used [5,6] was judged to be amongst
the three ‘good’ systems in this evaluation (version c). It should
be interesting for system developers to evaluate their prosodic
component independently of other influences. Further
evaluations should study the influence of the stimuli choice.
Another interesting topic is the prosodic influence on speech
comprehension [11].
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