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A set of experiments to investigate the speaker-related characteristics of speech intelligibility using a multi-talker database is described. The results suggest that the intelligibility rating scale is a good method to  rank a large number of speakers. Gender, speaking rate and sociolet seem to be the main speaker-related characteristics of speech intelligibility.

1. Introduction

1.1. The Australian National Database of Spoken Language (ANDOSL)

The ANDOSL [1]database is made up of a total of 149 subjects mainly non-accented speakers of English.

There were originally 132 non-accented speakers divided into 3 categories relating to age as follows:18-30;31-45; 46 and over; and into gender (male and female).

The non-accented speakers were all born in Australia and were all of Anglo-Celtic origin. In addition to the three-age and two-gender categories the speakers were also classified into three recognized varieties of Australian English: Broad, General and Educated.

From the 132 speakers a further selection was made and the final number of  speakers used for this study is 96 (54 females, 42 males equally divided in the three age groups and in the three varieties of Australian-English).

1.2. Intelligibility rating

In our study we consider the intelligibility of speech as one of the dimensions of speech quality that is: clarity of speech as in Gabriellson et alii [2]. Several researches have studied the correlates of speech intelligibility: Bradlow-Pisoni [3] used a large set of sentences produced by twenty speakers to explore the effects of sentence- and talker-dependent correlates of speech intelligibility; James [4] studied  the correlates of speech intelligibility at the word level; and Hawkins and Warren [5] gave some insight on the prosodic influences on the intelligibility of short CV segments excised from conversational speech.

The aim of our study was to provide a reliable method to differentiate a large set of  speakers into poor vs good speakers by means of an  intelligibility rating task and to investigate some of the speaker-related characteristics of speech intelligibility.

2. EXPERIMENT I 

Intelligibility rating task of the targets words embedded in the sentences

2.1. Method

2.1.1. Stimulus material

18 words embedded in 6 sentences read by 96 speakers chosen
 from the non-accented group of the Australian National Database of Spoken Language were used in this study as target words. The 6 sentences were all short  affirmative sentences with  a flat intonation so to avoid the effects of  prosody on the target words. The target words were selected as they had almost
 all the possible (phonotactically speaking) English consonant followed by /a:/ 
. Our initial corpus consisted of 18 targets uttered by 96 speakers for a total of  1728 items.

The following is a list of the six sentences containing the 18 targets:

	
	sentence
	targets

	1.
	He walked until he was warm
	1

	2.
	Zara put a farm on the chart
	3

	3.
	The car darted past the yard
	4

	4.
	The bar sold hard jars and tarts
	4

	5.
	The nasty guard marked the vase
	4

	6.
	The lark lived on the island of Sark
	2

	
	Total
	18


2.1.2. Procedure.

11 subjects (all normal listeners, native  Australian-English speaker from the Sydney area) were asked to listen over headphones to the stimuli embedded in the sentences, which were presented at a comfortable listening level and were showed on a screen at the same time. They were instructed to listen and generate a rating proportional to the intelligibility of the target words using a 7-grade scale rating from unacceptable to excellent.

They subjects submitted first a training session and then listened to the test twice.

The aim of this test was to obtain an intelligibility judgment rate to make a  first division of all the 96 speakers into two groups: poor vs accurate.

2.1.3. Type of Test
The type of test we used to measure the intelligibility is known as rating scale method
: this method requires the listeners to evaluate the quality of a given sample of speech and to place it along a continuum that has been defined in advance by the experimenter [6]. In our experiment the listener was asked to use the following  7-grade scale: 1) unacceptable, 2) very poor, 3) poor, 4) fair, 5) good, 6) very good, 7) excellent 

2.1.4. Analysis

We calculated the total average and variance of response for the first and second repetition for all the speakers to check whether the results were consistent across the two repetitions and whether the listeners were coherent in giving their judgments. The results showed a consistency that allowed us to treat the two repetition as a single lot.

So we calculated the total average of response (i.e.without making any difference between the first and second repetition for all the speakers) and we used the average values to rank the speakers.
3. Results

3.1. Ranking of the speakers

The following chart shows the total average of response for all the 96 speakers.(i.e. the average value is the mean of all the responses given by all the listeners to all the targets read by each speaker).

	speaker 
	tot ave 
	speaker
	tot ave

	r126
	3.93
	r123
	4.92

	r129
	3.95
	r071
	4.92

	r111
	3.98
	r002
	4.93

	r094
	3.98
	r044
	4.93

	r074
	4.17
	r117
	4.93

	r033
	4.23
	r038
	4.93

	r131
	4.24
	r009
	4.94

	r127
	4.34
	r039
	4.95

	r017
	4.38
	r011
	4.97

	r081
	4.48
	r068
	4.97

	r055
	4.49
	r042
	4.97

	r026
	4.53
	r116
	4.98

	r090
	4.53
	r069
	4.98

	r102
	4.54
	r024
	4.98

	r031
	4.57
	r096
	4.99

	r001
	4.58
	r034
	5

	r066
	4.61
	r076
	5.01

	r037
	4.62
	r110
	5.01

	r128
	4.63
	r047
	5.01

	r045
	4.63
	r064
	5.02

	r057
	4.64
	r010
	5.02

	r091
	4.67
	r021
	5.03

	r043
	4.68
	r003
	5.04

	r103
	4.68
	r087
	5.05

	r062
	4.71
	r023
	5.05

	r061
	4.71
	r100
	5.05

	r073
	4.71
	r108
	5.06

	r036
	4.74
	r088
	5.08

	r104
	4.79
	r054
	5.08

	r040
	4.79
	r101
	5.09

	r035
	4.8
	r065
	5.09

	r084
	4.8
	r070
	5.09

	r097
	4.81
	r063
	5.12

	r007
	4.81
	r041
	5.13

	r175
	4.81
	r018
	5.14

	r019
	4.84
	r109
	5.15

	r176
	4.84
	r079
	5.15

	r098
	4.85
	r056
	5.17

	r105
	4.85
	r124
	5.17

	r020
	4.85
	r012
	5.19

	r006
	4.86
	r053
	5.19

	r048
	4.86
	r121
	5.19

	r051
	4.87
	r078
	5.19

	r093
	4.88
	r075
	5.2

	r099
	4.9
	r080
	5.23

	r030
	4.9
	r008
	5.24

	r106
	4.91
	r114
	5.25

	r058
	4.91
	
	

	
	
	
	

	
	
	
	


As it can be seen we have a compress scale: the total average of response ranges from 5.25 to 3.93. This small difference in the intelligibility score for these speakers is probably due to the fact that they were all reading the sentences and generally reading tends to be one of the most accurate styles of speech.

Anyway this result allowed us to rank the speakers and select the first 20 “good speakers” and the first 20 “poor speakers”. The following is a chart of the two groups of speakers with their average and variance of response



:

3.1.2. Talker-related correlates of speech intelligibility

a) Gender

Our result show that the group of accurate  speakers is mostly composed by females, whereas the group of worst speakers is mostly composed by males.




Our results confirm those achieved by Bradlow and Pisoni [2] who showed  that the main talker-related correlate of intelligibility is gender: female speakers tend to be more intelligible than male speakers and this depends on the tendency of  male speakers to present more reduction phenomena such as increasing speaking rate, reduced frequency of stop releases, vowel centralization (Byrd [7] ). 

b) Sociolinguistic categorization

Our results show that the majority of the speakers judged as poor were classified as broad speakers in the Andsol database[1], while among the speakers judged as good there is only a 5% of broad speakers. This result confirm the old issue of  social characterization of speech.(Labov [8]).




c) speaking rate 

Our results show that the overall speaking rate for each sentence is higher for the good speakers than for the poor ones. 

The following is a chart showing the difference in the duration (ms) of the sentences uttered by the best and worst speakers.

. .


Many studies showed that changes in rate of speaking affect the dynamics of the speech signal in a complex manner. In general, speech is compressed at higher rates of speech, but some segments (vowels for example) are compressed relatively more than others [9, 10]. Furthermore the boundaries between phonetic distinction may change as a function of rate [11]. So generally speaking one would expect that speech intelligibility is a function of  the duration of the speech sample: as the speech sample duration increases its intelligibility increases. Pisoni and Bradlow in their study [2] didn’t find a direct correlation between overall speaking rate and overall intelligibility, but rather they found that variability in speaking rate correlates with intelligibility: less variability in speaker rate produces a higher intelligibility.  Picheny [12] found that although speaking rate plays an important role in the difference between clear vs conversational style of speaking, by itself is not responsible for the intelligibility of speech between clear and conversational speech, suggesting that other factors play a role to determine the perceptual difference in the intelligibility. 

Anyway usually speakers tend to speak slowly in clear speech. This reduction in rate can occur both because the speakers tend to insert pauses between words and increase the duration of individual speech sounds. 

d) segmental differences between the best speaker and the worst speaker.

Following the investigation made by Picheny [12] on the acoustic charatcteristics of clear vs conversational speech we made a detailed analysis of the sentences uttered by only two speakers: r114, the best one, and r126 the worst one. 

We measured the duration of the sentences, the duration of each target word, the duration of the initial consonant, the duration of the following vowel and , if present, the duration of the final word position stop consonant. 

The result show clearly that the duration of the sentences, targets, initial consonant final consonant and most of the times also the duration of the vowel is higher for the best speaker as shown in the following table:



.

We also measured the length of the three stages of the stop consonants (hold, burst and release) in initial and final position and the values of F1 and F2 for the /a:/.

The following chart shows the duration of the three stages (when present) and indicates the presence of coarticulation phenomena. It also shows the average values for the 17 repetition of /a:/ and the standard value for /a:/ given in the handbook of Australian sounds.




As we can see the duration of the different stages of the stops consonant are always higher for the best speaker, and also the phonological coarticulation phenomena appear mostly in the speech of the worst speaker. moreover the values of /a:/ seem to be closer to the standard ones for the best speaker.

Also the best speaker inserted some pauses in his utterances....

4. EXPERIMENT II
4.1. Method

4.1.1. Stimulus materials

From the sentences read by the selected 40 speakers we excised only the 18 target words. Thus our corpus consisted of 18 targets, uttered by 40 speakers for a total of  720 items.
4.1.2. Editing criteria 

The target words were excised from the sentences with the aid of a digital computer program which displays the waveforms and spectrograms of the sounds to be analyzed and plays them if required. The beginning of the target words was edited  as follow: fricatives were excised from the beginning of their aperiodicity; stops and affricates from the beginning of the closure; if the closure was incomplete, so that the stop was realized as a fricative or a voiced approximant, the point of excision was the beginning of the aperiodicity. The lateral consonant /l/, the semivowel /j/ and the nasal /n/ were excised from halfway the transition with the previous vowel sound /schwa/; the semivowel /w/, being preceded by a fricative sound, was excised from the beginning of the periodic part of the waveform, the nasal /m/ was excised from the beginning of the periodic part of the waveform.

As regarding the editing of the end point of the targets we acted as follow: some of the targets words were in final-sentence position so there were no doubts on were editing the end, for the other target words, if coarticulated, it was agreed to mark the end point halfway of the transition with the following sound. When the editing task appeared to be quite hard due to strong coarticulation phenomena such as elision, assimilation, we based our decision mostly on the auditory support. Attention was paid to cut the waveform where the  value  of the zero crossing was as closest to zero as possible.

4.1.3. Procedure

20 subjects (different from those tested in the previous experiment, but recruited following the same criteria) gave a further intelligibility judgment of the 40 speakers reading the 18 targets. 

The listeners generated a rating proportional to the intelligibility of the target words using the same 7-grade used in the experiment I.

They listened over headphones to the stimuli which were presented at a comfortable listening level and were showed on a screen at the same time. They were instructed to listen and judge the intelligibility of the target words choosing the response on a touchscreen. They submitted first a training session and then listened to the test  for 3 times.

The aim of this test was to obtain a further intelligibility judgment rate to validate  the results obtained with the  previous test.

4.1.4. Analysis of the results
Comparing the responses given by the listeners in the first, second and third repetition we noticed that the values were approximately the same across the three ranks, which means that the listeners were coherent in judging the speakers. This allowed us to treat the results as a single lot and calculate the total average of response (i.e.without making any difference between the first, second and third repetition) to rank the speakers for the second time.

5. Results

The following is a chart showing the rank of speakers according to the result of the current test. The total average of response is the mean value of all the responses given by all the listeners for each repetition of the test.

	speakers
	tot.average

	spkr008
	5.35

	spkr114
	5.24

	spkr101
	5.14

	spkr070
	5.11

	spkr054
	5.11

	spkr088
	5.09

	spkr078
	5.08

	spkr041
	5.07

	spkr063
	5.06

	spkr065
	5.01

	spkr056
	4.98

	spkr075
	4.97

	spkr080
	4.97

	spkr121
	4.94

	spkr124
	4.94

	spkr012
	4.92

	spkr018
	4.91

	spkr053
	4.91

	spkr079
	4.90

	spkr109
	4.90

	spkr026
	4.87

	spkr081
	4.86

	spkr045
	4.82

	spkr090
	4.81

	spkr128
	4.79

	spkr066
	4.79

	spkr031
	4.74

	spkr017
	4.71

	spkr001
	4.70

	spkr102
	4.66

	spkr127
	4.63

	spkr037
	4.59

	spkr111
	4.58

	spkr055
	4.56

	spkr033
	4.53

	spkr126
	4.40

	spkr131
	4.37

	spkr094
	4.36

	spkr074
	4.11

	spkr129
	4.03


Also in this case we have a compress scale: the total average of response ranges from 5.35 to 4.03. The first 20 speakers from the top are the good ones and the remaining twenty are the poor ones. 

The following chart shows the speakers ranked according to the previous intelligibility rating scale with the average of response obtained in this second intelligibility rating task.




The two groups of speakers are consistent across the two experiments even if there are some differences in the  ranking. 

5. EXPERIMENT III

5.1. Method

5.1.1. Stimulus materials

In the third experiment we used the same stimulus materials as in the second experiment, but for an identification task in noise (signal to noise ratio -5 dB).
5.1.2. Procedure

21 subjects (different from those tested in the previous experiments, but recruited following the same criteria) were asked to listen over headphones to the 18 target words uttered by the 40 selected speakers and identify the word  choosing among 18 different responses appearing on the screen. The subject submitted a training session and only one repetition of the test. 

5.1.3. Type of test

Insert technical notes on the identification task in noise and reference.

5.1.3. Analysis of the results
The percent of correct identification is 56%,(21 listeners, 18 targets, 40 speakers = tot 15120 presentations, 8601 total correct responses).

We divided the speakers in two groups according to the results of the previous experiments and we found that the percent of correct response for the good  speakers was higher than that for the poor speakers and precisely: 

good speakers: 4761 correct responses out of 8601 = 55% 

 poor speakers: 3840 correct responses out of 8601 = 44% 

This 11% difference is statistically relevant even if the ranking of the speakers according to these results is not really consistent with the previous ranking. The following is a chart showing the ranking of the speakers according to the results of the previous  experiment on the first column, while on the second column shows the % of correct response out of 378 trials obtain in this experiment.The results of this identification task in noise are quite consistent with those obtained with the previous intelligibility rating tasks in terms of difference between the two groups of speakers, even if the ranking of the speakers according to the results of the previous  experiments is not very consistent with the score obtained from this identification task.

6. Conclusions

The intelligibiliy rating method appears to be a quite valid method to divide a large number of speakers into good vs poor speakers. 

As we have seen the results of the intelligibility rating score for the targets embedded in the sentences are confirmed by the score of the intelligibility rating task for the words presented in isolation, this could mean that the context doesn`t seem to play a very important role in this intelligibility rating task.

The main speaker related characteristics seem to be: 

-gender: women tend to be clearer than men, 

-sociolinguistic characterization: broad speakers are usually classified as poor speakers;

-speaking rate: good speakers (i.e. those speakers judged as clear, intelligible speakers) tend to talk more slowly than the poor speakers. This reduction in rate seems to occur both because the speakers insert some pauses between words and also because the speakers tend to increase the duration of individual speech sounds and of individual stages of some consonantal sounds.

References

[1] ANDOSL Australian National Database of Spoken English Report for 1993 Sydney University Component
[2] Gabrielsson A., Hagerman B., Bech-Kristensen T & Lundberg G, 1990, Perceived sound quality reproductions with different frequency responses and sounds levels. JASA, 88, 1359-1366

[3] Bradlow A.,R., Pisoni D.,B., 1994, Using a multi-talker database to identify sentence and talker dependent correlates of speech intelligibility: preliminary results,.... look for exact reference

[4] James C.J.,1994, Objective predicates of word intelligibility, in 27th ASA meeting, Boston

[5] Hawkins S., Warren P.,1994, Phonetic influence on the intelligibility of conversational speech, Journal of Phonetics, 22, n.4, pp....

[6] Egan J., 1948, Articulation testing methods, Laryngoscope, 58, 955-991.

[7] Byrd D.,1992, Sex, dialects and reduction, in Ohala J.J.et alii eds) Proceedings of the international Conference on Spoken language processing, Alberta Canada.

[8] Labov W. 1963, The social motivation of sound change, Word, 19, 

[9] Gay T., 1977, Effect of speaking rate on vowel formant transition,., JASA 63,(1) 223-231.

[10] Goldman-Eisler 1961, The significance of changes in rate of articulation, Language and Speech, 4, 220-226
[11] Miller J.L., Baer T.,1983, Some effects of speaking rate  on the production of /b/ and /w, JASA, 73, (5), 1751-1755.

.
[12] aggiungi I e III Picheny M.A., Durlach N.I., Braida L.D., 1986, Speaking clearly for the hard of hearing II: Acoustic characteristics of clear and conversational speech, Journal of Speech and hearing research, Vol. 29, 434-446.

[13] Cole R.A., Jakimik J., Cooper W.E., 1978, Perceptibility of phonetic features in fluent speech, JASA, Vol. 64, n.1 pp.44-56
[14] Cutler A. Carter D.M., 1987, The predominance of strong initial syllables in the English vocabulary, Computer speech and Language, 2, 133-142

�  There were no targets words starting with the  fricative /T, D/ and /r/.


�  Made exception for the semi-vowel /w/ which is followed by /o:/.





�PAGE \# "'Page: '#'�'"  �� the original number of speakers selected by Steve Cornelius was 108, I made a second selection and I decided to eliminate the following 6 speakers: r015, r027, r028, r049, r050, r089, r120


�PAGE \# "'Page: '#'�'"  �� This is a subjective method of appraisal. (see EGAN J., 1948, Articulation testing methods, Laryngoscope vol.58, pp. 955-991)
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