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ABSTRACT

In this work we present an intelligibility evaluation
experiment for Italian synthesizers that uses an
open-response test in which listeners are instructed
to simply write down what they heard on each trial.
Six systems and a natural voice as a reference have
been evalutated both over the orthophonic and
telephonic channels. 57 VCV and 51 CV are used.
This material allows the evaluation of consonants in
both initial and central position. A dedicated
software called SOAP (Speech Output Assessment
Package) is used.
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1. INTRODUCTION

The Output-Group of the Esprit Project SAM 2589
has proposed a new metodology to assess
segmental intelligibility which takes into account
the objections to DRT and MRT [1], [2], [3].
These tests, in fact, use words that differ only with
respect to their initial or final consonant with a
forced choice response among 2 or 6 alternatives.
The main objection is that consonants are only
tested in initial or final position, which is not
representative of running speech and furthermore,
the forced choice response guides the listeners in
their task.

Within the Output-Group of the Esprit Project SAM
2589 a dedicated software called SOAP (Speech
Output Assessment Package) has been developed to
evalutate the segmental intelligibility of text-to-
speech systems. SOAP developed for a PC
workstation allows the experimenter to design a
test, to train subjects, to run the test, and to have
intelligibility scores and confusion matrices
together with their associated statistics [4].

In this work we present an intelligibility evaluation
experiment for Italian synthesizers that used an
open-response test in which listeners were
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instructed to simply write down the word that they
heard on each trial. In this format all phonemes
known by the listener were possible responses.
More precisely 57 VCV and 51 CV were used.
This material allows the evaluation of consonants in
both initial and central position.

Our aim in running intelligibility tests was to
evaluate systems both over the orthophonic and
telephonic channels. Furthermore we try to creat a
database of intelligibility evaluation of all Italian
text-to-speech synthesizers available both in the
market and in the laboratory. The database is
available to everybody interested in speech
synthesis.

2. METHODS
The aim of the experiment was to assess, both over
orthophonic and telephonic modalities, the
intelligibility of all Italian text-to-speech
synthesizers available both in the market and in the
laboratory. Given the high number of systems to be
evaluated, the experiment was considered as a
work in progress subdivided into several sessions.
The synthetisizers
We individuated 10 systems which differ from each
other on two main characteristics: they might be
either available in the market or still under
adavanced development, and they might be either
formant based or diphone based. The seven
systems used in the first two sessions were a
natural voice (S1), four formant based text-to
speech synthesizers (S2, S4, S6 and S7), and two
diphone based systems (S3 and SS5).
The stimuli
All systems were tested with 51 CV and 57 VCV.
The CV group contains p, b, d, t, k, g, tS, dZ, f,
v,S,m, n, J, 1, L, r. The VCV group contains the
same phonemes in CV plus s and z. Both groups
had "a", "i" and "u" vowels as enviromental
context.
Speech files were digitally recorded using the
EUROPEC software [5] and an OROS AU21
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board. The sampling frequency was 20kHz, that
allowed a good speech quality for the orthophonic
tests. Furthermore, the speech files were
normalized at comfortable level using the SOAP-
CALIB software.

The subjects

64 subjects of 25 to 45 years of age took part in the
experiment. They all had normal hearing sensitivity
bilaterally (an average of 20 dB between 125 and
6000 Hz).

The SOAP package

A dedicated software called SOAP was used to run
the experiment. SOAP concerns procedures for
assessing some aspects of speech synthesis such as
intelligibility, naturalness, and prosodic quality.
SOAP has been developed for a PC workstation.
Its minimum hardware configuration was an IBM
PC-AT (8 MHz 80286 microprocessor), 640
KByte RAM, 30 Mbyte RAM, 1.2 Mbyte floppy
drive, and an AD/DA interface board, OROS-
AU21.

SOAP has two modalities of entering responses,
one using the mouse/screen interface and the other
using the keyboard.

SOAP allows the experimenter to design a test, to
train subjects, to run the test, and to have
intelligibility scores and confusion matrices
together with their associated statistics.

Procedure

Each session consisted in 32 trials, half over
orthophonic channel and half over telephonic
channel, every one lasted one hour, and allowed to
assess four systems. In this work we will present
the first two sessions.

The telephonic experiments were performed by
using a "telephone simulator” that accepts the
OROS output line and reproduce the signal on the
telephone handset. The used telephone was a
standardized device approved by the Istituto
Superiore Poste ¢ Telecomunicazioni (ISPT).

In the first session, carried out in May 1992, we
assessed S1, S2, S3 and S4 systems while in the
second one S5, S6 and S7 have been evalutated. In
the last session we included another system (S8) to
have the same duration in each trial.

The experimental session consisted in i. answering

a questionnaire to help record listeners'
characterization; ii. a training phase to make
subjects accustomed to the transcription of the
stimuli, and iii. the test. During the test, subjects
had to listen to a stimulus and to write down what
they heard using the keyboard. They listened to all
the stimuli produced by the different systems. The
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within and between systems sequences were
presented randomly to each subject and consisting
of 8 lists. For every system two lists, one CV and
one VCV, were prepared. After the first four lists a
10 minutes pause was allowed. In each session 16
subjects listened to the stimuli through orthophonic
channel over headphone and the other 16 through
telephonic channel over a standard handset.

3. ANALYSIS OF RESULTS
Our hyphothesis was that trasmission modality
affected segmental intelligibility. Furthermore we
examined if there were significant difference among
the systems and the type of stimuli (CV and VCV).
We used analysis of variance at this aim.
We present the mean values, both orthophonic and
telephonic, of segmental intellegibility, of group
articulation and of eviromental context for each
synthesizer. This values were obtained by the
SOAP software.
The SOAP program gave us i. the articulation
scores, indicating how often each stimulus was
correctly recognized, ii. the confusion matrices,
showing how often each stimulus was confused
with another, iii. the group articulation scores for
any predefined group. In this experiment we used
voiced/unvoiced group and the manner of
articulation group consisting of occlusives,
fricatives, affricates, laterals, and nasals, iv. the
group confusion matrices for those groups, and v.
the environmental scores that give information on
how vowel context affects the intelligibility of each
consonant. In the paper we present mean values of
intelligibility scores (see Table I), mean values of
group intelligibility scores (see Tables II and Ila)
and mean values of enviromental context (Table ITI)
for each system.
We had three ways analysis of variance: two
modalities of trasmission (orthophonic and
telephonic) as a between factor; different systems
(6 text-to-speech synthesizers and 1 natural voice)
and type of stimuli (CV and VCV) as within
factors. The ANOVA analysis of results showed
that the difference between the intelligibility scores
for all the systems in orthophonic and in telephonic
modalities was statistically significant with
F(1,36)= 9,65 and P= .003. Figures 1 and 2
present the percentage of correct responses for all
systems in orthophonic and telephonic modalities
with respect to the CV and the VCV materials,
respectively. The differences among systems were
statistically significant with F(6,216) = 102,629
and P = .0000.
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TABLE I

Means Values of Intellegibility scores

'§ystems brthophonic Telephonic

El 99,49 94,69

S 2 49,36 39,53

S3 94,11 73,22

'S4 51,04 34,64

S5 70,83 56,04

S6 41,75 31,35

S7 65,56 52,26

TABLE II

Mean_values of voiced/unvoiced group intelligibility

Systems Orthophonic Telephonic
Unv. V. | Unv. V.

S1 99.47 99,91195,12 98,91

S 2 74,66 94,73]|71,18

S3 97,61 99,27]92,18

'S4 70,39 92,07 53,62

EE 91,67 95,94190,65

S6 79,68 74,93]79,51

S7 85,19 92,14]77,35

TABLE Ila

Mean values of manner of articulation intelligibility

Eystem;Occlusives Fricatives | Afiricates |Nasals Laterals
Ort. Telj Ort. Tel.] Ort. Tel.j Ort. Tel.] Ort. Tel.
'S1 99,82 97,08[99,44 97,58[100 97,39 100 99,65J| 100 97,92
S2 50,00 39,93]74,28 76,25|81,84 76,04 19,15 9,37]93,05 79,51
S3 94,08 82,00194,78 90,55]100 8 71,36]98,27 91,02
'S4 79,39 78,4754,84 53,54]52,13 71,52
S5 81,94 59,03]67,22 58,88
S6__ 155,38 45,14155,69 45,62
S7 76,04 56,77]77,29 66,53 65,97190,97
TABLE HI
Mean values of eviromental context intelligibility _
ORTHOPHONIC TELEPHONIC
:SyStemS Ha“ Nin Hun Haﬂ Hil! HuH
S1 99,84 199,54 |99,19 95,83 194,75 94,11
S2 58,26 46,17 43,78 43,16 37,96 38,03
S3 93,19 197,72 |91,68 71,00 [77,35 71,84
S4 66,60 41,98 45,25 46,70 26,02 31,83
S5 83,32 164,99 164,57 |61,83 52,63 |53,91
S6 133,32 (28,15 37,00 |31,95 _[25,43___|36,86
S7 69,06 62,15 66,00 48,94 50,29 57,90
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correot responses (%)

§1 S2 S3 S4 S5 S6 ST
Systems

Figure 1: CV stimuli

correct responses (%)

§1 S2 S3 S4 S5 S8 87
Systems

Figure 2: VCV stimuli

We didn't find any significant difference between
CV and VCV modalities.

4. DISCUSSION
The results of an intelligibility experiment of 6
Italian text-to-speech synthesizers and a natural
voice have been presented in this paper.
With regard to the intelligibility scores, the diphone
based systems (S3 and S5) has obtained a score
better than formant based synthesizers (52, S4, S6,
S7). S2 and S4 didn't show any significative
difference even if they showed a significant
difference in a previous experiment of quality
evaluation [6].
With regard to the two different channels, the
difference between the intelligibility scores for all
the systems in orthophonic and in telephonic
modalities was statistically significant.
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