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Abstract 
Pilot experiments have been executed to get a suitable evaluation procedure 
for RDS-TMC synthetic speech. Thirty-two subjects listened to 80 Dutch 
location names, partially masked by car noise, and wrote down the names they 
heard. Result of these experiments was that the articulation scores did not 
significantly differ between a condition where the stimuli were presented over 
loudspeakers and over headphones. 
A second object of the experiments was to quantify the effect of familiarity 
with locations on the intelligibility of these location names. It was found that 
the mean articulation score for locations with more than l 0.000 inhabitants 
was about 41 % higher than the articulation scores of names of locations with 
less than 10.000 inhabitants. 
Also word length affected the intelligibility. In case of locations with 10.000 
or more inhabitants the mean articulation score increased from 51 % for 
monosyllabic location names to 80% for location names with 3 or more 
syllables. For locations with less than 10.000 inhabitants the mean articulation 
score was independent of the number of syllables. 

1. Introduction 

12 April 1995 

For the RDS-TMC1 system the opportunity has been created to broadcast traffic 
messages formatted as symbolic codes. In the car radio these codes are transformed into 
synthetic speech messages for the German language. To assess several aspects of the 
quality of the synthetic speech, an evaluation procedure has to be defined and executed, 
to give a reliable impression of the suitability of synthetic speech for the current 
application. 
This report describes some experiments which have been executed to get a suitable 
evaluation procedure. In these experiments a number of listeners have participated in an 
articulation test. The stimuli used in this test consisted of location names. 
The main object of these experiments was to determine to what extent the test 
conditions, used for the evaluation, have to agree with the situation in which the 
application will be used in the future. For several reasons, such as the rush of the traffic, 
it would be impractical to do the experiments in a moving car. Therefore a laboratory 
situation is preferred, in which the situation of a moving car is approached. 
In these experiments three loudspeaker conditions and one headphones condition were 
examined. 
A second object of the experiments was to investigate the effect of length and familiarity 
of the stimuli on the intelligibility. Owens ( 1961) has shown that words characterized by 
a greater familiarity, even to a slight degree, were significantly more intelligible. In case 
of location names the variation in familiarity is may be substantial. For instance 
Amsterdam will be better intelligible than lttervoort. 

I . RDS-TMC stands for Radio Data System Traffic Message Channel 
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Also the length of the stimuli affects the intelligibility. Hirsh et al . ( 1954) has shown that 
the intelligibility of meaningful words increases according to the number of syllables in 
per word. 

2. Method 

2.1. Listeners 
Thirty-two subjects, participated in this experiment. They all had Dutch as their native 
language and no reported hearing deficiencies. All listeners worked on the Institute for 
Perception Research (IPO) and were previously exposed to synthetic speech. The 
listeners were divided into four groups of eight listeners. 

< 10.000 inhabitants 10.000 inhabitants 

number of syllables number of syllables 

1 2 >2 1 2 >2 

born andelst bergharen beek amhem almere 
beesd baarlo doenrade cuijk breda amersfoort 
doom bavel engelen delft deume bilthoven 
hank bunnik gameren echt ede culemborg 
lent elsloo kesteren goes gilze geldermalsen 
mook fijnaart langeweg horst gouda hengelo 
neer geervliet rockanje oss hoensbroek ijsselstein 
vaals geffen schelluinen sneek nijkerk leeuwarden 
velp grathem vinkeveen stein nuenen middelburg 

heerle tiel rhenen nieuwegein 
heumen weert schiedam nijmegen 
kerkdriel zeist sliedrecht someren 
kessel veghel 
leersum uden 
liempde venlo 
linne waalwijk 
made 
reeuwijk 
schinnen 
wamel 
wessem 
wezep 

Table 2.2: Locations used in the experiments, listed according to the number of 
inhabitants and according to the number of syllables in the location names. 
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2.2. Location names 

The stimuli consisted of one list of 80 Dutch location names, which were synthesized on 
the basis of linear predictive coding (LPC). The location names are divided into two 
groups, 40 names of locations with 10.000 or more inhabitants and 40 names of locations 
with less than 10.000 inhabitants (Centraal Bureau voor de Statistiek, 1994 ). 
These two groups are both subdivided into three categories, according to the number of 
syllables in the location name, respectively one, two and more than two syllables. 
Table 2.2 shows the distribution over the six stimulus categories of all the location 
names used in the experiments. 

2.3. Car Noise 

In each condition the stimuli were partially masked by car noise, recorded by van de 
Voort (1987) in a relatively small moving car. Figure 2.3 shows the mean energy 
spectrum of this type of noise. 
The car noise was presented to the listeners at 4 dB higher than the level of the speech. 
This adverse condition has been chosen to avoid ceiling effects, so we could clearly 
discriminate between the different listening conditions and the different stimulus 
categories. 
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Fig. 2.3: Mean energy spectrum of the noise of a fairly small car, moving at 100 km/h (4th gear) on an 
asphalt highway, recorded by Van de Voort (1987). The spectra are determined from an interval of 30 
seconds, with a window size of 8192 points. Left on a linear frequency scale, right on a logarithmic scale 
in third octave bands. Above 300 Hz the slope is about -6 dB/octave. 

2.4. Listening conditions 

The thirty-two listeners were divided into four groups of eight listeners. Each group 
participated the experiment in a different condition. The four conditions are: 
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1. The stimuli are presented to the listeners over two loudspeakers. The speech signal 
and car noise signal were both played back in mono, which means that each 
loudspeaker presents the same signal. 

2. The stimuli are presented to the listeners over two loudspeakers. The speech signal 
was played back in mono and the car noise was played back in stereo. This means that 
each loudspeaker presents the same speech signal but a different car noise signal. 

3. The stimuli are presented to listeners over headphones. The speech signal was played 
back in mono and the car noise was played back in stereo. This means the car noise is 
presented dichotically (different signals to both ears) and the speech signal is 
presented diotically (same signal to both ears). 

4. The car noise is presented in stereo over two loudspeakers and the speech signal is 
presented over one separate loudspeaker. 

2.5. Speech and noise levels 

To specify the actual speech and noise levels we use a Speech Level Meter developed at 
TNO Human Factors Research Institute in Soesterberg. This meter makes use of a 
method adopted from Steeneken and Houtgast ( 1986). This method is based on envelope 
detection and accounts for the silent intervals within a speech message, by introducing a 
threshold value before calculating the RMS-value. All envelope values below the 
threshold value are ignored. 

2.6. Experimental set-up 

The thirty-two subjects are divided into four groups of eight listeners, group 1, 2, 3 and 
4, which participated the experiment in respectively condition 1, 2, 3 and 4 (see section 
2.4.). 
The experiments take place in a class-room used for perceptual experiments. The groups 
who heard the stimuli over loudspeakers, group 1, 2 and 4, are further split up. Group 1 
and 2 are split up into two subgroups of four listeners and group 4 into four subgroups of 
two listeners. Appendix A2 shows the formation of the subjects in the class-room in the 
four listening conditions. 

The speech signal and car noise were recorded on DAT-tapes in a speech-to-car-noise 
ratio of -4dBA. In condition 1 and 2 the DAT-tapes are played back from the Sony DTC 
55ES DAT-recorder, via the Philips DFA 888 amplifier, connected to two loudspeakers 
(Philips 9810). In condition 3 the amplifier has been replaced by two 6-channel 
headphones amplifiers (Rane HC 6), connected to eight headphones (Pioneer Monitor 
10). 

In condition 4 in fact two detached playback systems are used. For the presentation of 
the car noise the same set-up as in condition 1 and 2 is used. The DAT-tapes with the 
speech signals are played back from a DAT-walkman (Sony TCD-D7), via a amplifier 
(Philips FA951) connected to one loudspeaker (Philips 9436). 
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The car noise was presented to the subjects at a level of 67 dBA. This level was adjusted 
with the Brilel & Kjrer Precision Sound ~vel Meter Type 2203. For the condition with 
the headphones the noise level was determined with the Sound Level Meter in 
combination with the Brtiel & Kjrer Artificial Ear Type 4153. 

Before the main test started the listeners heard eight examples of rather familiar location 
names, to acquaint them with the response demands. These location names are listed in 
appendix A 1. Each stimulus was preceded by a 1 kHz beep of 0.1 seconds so that the 
listener knew that the test word was about to be presented. The interval between two 
stimuli was 7 ,5 seconds, long enough to write down the location names. 
After these short training the main test started. In this test the list of eighty location 
names were presented to the listeners in the same way as in the short training. The order 
of presentation is also shown in appendix A 1. 

3. Results and discussion 

3.1. Scoring 

The scoring procedure was simple in that if the written response for each location was 
not the same as the test word, the location was counted incorrect. Misspelled words were 
counted correct if the wrong characters represent the same sound as the stimulus word. 
The standard deviation used to qualify the variation among the subjects is defined as: 

S= 

n 

_1_ ~ (x . -x) 2 
n - 1 """' l 

i = 1 

Equation 3.1 

In the equation above n is the number of listeners per condition, in the current test n=8 in 
each condition, x; is the individual score of listener i and x is the mean articulation score 

of the listener group. 

3.2. Analysis of differences between the scores of the listening conditions 

Figure 3.2 shows the mean percentage correctly heard location names (articulation 
score) of each group for the four listening conditions. In this figure is to be seen that the 
intelligibility of the stimuli did not significantly differ between the four conditions.For 
the evaluation of the RDS-TMC speech system, we may present the stimuli over 
headphones to obtain reliable results. This makes the evaluation procedure more 
reproducible and flexible, especially when the evaluation will be executed somewhere 
else. 
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Fig 3.2: Mean percentage correctly responded whole words (Articulation score) 
for 80 location names and the standard deviation among the 8 listeners for the 
different listening conditions in the presence of 67 dBA car noise. 

3.3. Analysis of the effect of familiarity with the stimuli on the intelligibility 

In the current test the words were divided in two groups of forty locations each, 
according to a (rather arbitrary) criterion of 10.000 inhabitants. Table 3.3 shows the 
intelligibility scores and the standard deviation of both groups. For the calculation of the 
standard deviation equation 3.1 is used, n is the number of subject (n=32), because we 
consider the four listener groups as one group of thirty-two listeners. 
A significant difference is to be seen between the locations with 10.000 or more 
inhabitants and the locations with less than 10.000. This effect is attributed to the 
familiarity of the locations. Names of big towns more frequently occur in spoken and 
written language than names of relative small locations, therefore the subjects are more 
familiar with names of big towns than the names of the little ones. 

AS s 

40 locations, 10.000 or more inhabitants 69.0% 4.7% 

40 locations, less than 10.000 inhabitants 27.4% 9.7% 

Table 3.3: Mean percentage correctly responded whole words (Articulation score, AS) and 
standard deviation (S) scored by 32 listeners. 
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3.4. Analysis of the etf ect of word length on the intelligibility 
Figure 3.4 shows the articulation scores as a function of the number of syllables in the 
test word. For familiar location names an increasing intelligibility is to be seen, while the 
scores of unfamiliar location names are almost equal. For location names with one, two 
and more than two syllables we see for little towns word scores of respectively 28%, 
25% and 32% and for big towns word scores of respectively 52%, 71 % and 83%. For the 
calculation of the standard deviation we used equation 3.1, with n=32. 
Word length could have two opposite effects on the recognition of words. Longer words 
are easier recognized, as it concerns meaningful words. A listener doesn't need to 
understand all phonemes to recognize the test word. 
On the contrary longer nonsense words are less easier to be recognized because the 
listeners have to recognize a bigger number phonemes. A decreasing intelligibility will 
appear when the word length increases. 
The first effect is to be seen in fig 3.4 in case of the location with 10.000 or more 
inhabitants. For the locations with less than 10.000 inhabitants the second effect is less 
obvious. An explanation might be that the category with less than 10.000 inhabitants 
contains familiar locations too. The articulation score of these familiar location names 
could abolish the decreasing articulation score of unfamiliar location names. 
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Fig 3.4; Articulation scores for 32 listeners as a function of the number 
of syllables in the test word, for 40 locations with less than 10.000 
inhabitants (left) and 40 locations with 10.000 or more inhabitants 
(right). 
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4. Conclusions 

For the evaluation of the RDS-TMC speech system the speech material may be presented 
over headphones to get representative results, because we found no significant 
differences between the four listening conditions: 1. mono speech and mono car noise 
over 2 loudspeakers; 2. mono speech and stereo car noise over 2 loudspeakers; 3. mono 
speech and stereo car noise over headphones; 4. stereo car noise over 2 loudspeakers and 
mono speech over one separate loudspeaker. 
The effect of high familiarity of location names to the subjects resulted in a higher mean 
intelligibility score of about 40% as compared with less familiar or unknown names. 
When we use location names in an evaluation experiment we must take this aspect into 
account. 
Another effect we have to take into account is the length of the speech material. The 
intelligibility of the names of locations with more than 10.000 inhabitants increases 
significantly with the number of syllables in the name. 
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Appendices 

A 1 List of location names used in the training and articulation 
test 

The following location names are presented to the subjects as a training. 

Eindhoven 
Amsterdam 
Den Haag 
Rotterdam 
Zwolle 
's-Hertogenbosch 
Utrecht 
Maastricht 

The following location names are presented to the subjects in the main test. 

1. Kesteren 28. Hengelo 55. Andelst 
2. Nijmegen 29. Sliedrecht 56. Middelburg 
3. Elsloo 30. Nuenen 57. Bilthoven 
4. Vaals 31 . Arnhem 58. Gilze 
5. Almere 32. Hoensbroek 59. Velp 
6. Fijnaart 33. Bunnik 60.Delft 
7. Tiel 34. Gouda 61. Amersfoort 
8. Geldermalsen 35. Stein 62. Doom 
9. Horst 36. Venlo 63. Deume 
10. Vinkeveen 37. Hank 64. Bavel 
11 . Bergharen 38. Oss 65. Heerle 
12.Mook 39. Zeist 66. Heumen 
13. Goes 40. Born 67. Cuijk 
14. Schelluinen 41. Gameren 68. Kessel 
15. Rhenen 42. Leeuwarden 69. Someren 
16. Sneek 43. IJsselstein 70. Geffen 
17. Beek 44. Nijkerk 71. Leersum 
18. Schiedam 45. Weert 72. Reeuwijk 
19. Nieuwegein 46. Breda 73. Grathem 
20. Echt 47. Langeweg 74. Lent 
21. Uden 48. Wezep 75. Neer 
22. Liempde 49. Made 76. Geervliet 
23. Waalwijk 50. Doenrade 77.Linne 
24. Culemborg 51 . Kerkdriel 78. Schinnen 
25. Rockanje 52. Ede 79. Wamel 
26. Engelen 53. Beesd 80. Wessem 
27. Baarlo 54. Veghel 
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A2 Formation of the subjects in the classroom 

Below the formations are given in which the subjects are placed for the different 
conditions. 

~ 
noise & 
speech 

~ 
noise 

~ 
speech 

~ 
noise & 
speech 

~ 
noise 

Formation of the subjects in condition 1 
and 2. 
In condition 1 the car noise is presented 
in mono and in condition 2 the car noise 
is presented in stereo. In both conditions 
the speech signals are presented in mono. 

Formation of the subjects in condition 3. 
The speech is presented in mono and the 
car noise in stereo over headphones. 

Formation of the subjects in condition 4. 
The car noise is presented in stereo over 
two loudspeakers and the speech is 
presented over one separated loudspeaker. 
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