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ABSTRACT

This study aims to investigate the accuracy of subjective age estimation based on vocal cues alone, i.e. when hardly any linguistic information is available to the listener. An experiment was carried out involving a total of 40 speakers, 20 of whom were native speakers of German and 20 native speakers of Italian. Both groups produced standardized texts of about 45 sec. duration. These sets of stimuli were first presented to same-language listener groups in the two countries. The German tape was then assessed by 20 Italian college students who had no knowledge of German, and the Italian tape was played to 20 German listeners who had no knowledge of Italian. Listeners had to estimate speaker age to the exact year. Results show that there was no significant difference in the performance of listener groups depending on the language of the stimuli, i.e. listeners did not benefit substantially from their knowledge of the respective language. The experiment also revealed that listeners were remarkably correct at estimating the age of some speakers but not that of others. 

1.  Introduction

The ability of listeners to estimate a given speaker's age is usually viewed rather optimistically. For one thing, several studies have shown that the correlations between calendar age (CA) and perceived age (PA) are impressive based on tape-recorded samples [4, 7, 10, 11, 12], even if the signal is degraded by telephone transmission [3]. This has been interpreted as an indication of listener accuracy [10-13]. Other researchers [3, 7] used the percentage of correctly identified age groups to document listener accuracy. 


There are a number of problems linked to these procedures. With respect to correlations as an indicator of correctness of listener judgements, it has been demonstrated that they are not very suitable since they do not take into account any systematic errors [1, 2]. For example, any two listeners differing by 10 years in each of their estimates (provided that the difference points in the same direction with respect to CA) will be very different in terms of accuracy but exactly the same in terms of correlations. Age groups, on the other hand, will always bear the problem of where to draw the line between groups, i.e. shifting the line by as little as one year may make a vast difference in the percentage of correct assignments [3].


It is argued here that the absolute error (expressed as the absolute difference in years between PA and CA) is a much better way of realistically establishing listener accuracy. This measure can be computed in two different ways: firstly, by averaging over listeners per speaker and then determining the difference between group PA and CA. Secondly, it can be focussed on the performance of the individual listener by averaging over the different speakers for each listener separately and thus determine the absolute individual error. There are very few studies, however, that have either expressly used this measure [1, 2] or provide data from which it can be computed [4, 10]. The gross results are always more or less the same, indicating the average difference between (group!) PA and CA to be between 6 and 8 years for HiFi speech [2, 4, 10]. The average individual error was found to be about 8 years for HiFi speech. No data are available for telephone-transmitted speech as yet. Differences have been  found with respect to the performance of individual listeners as well as to the "assessability" of different speakers, i.e. listeners differ in their ability to estimate speaker age, as is indicated by the ranges for the means cited above, and certain speakers are easier to assess than others. Reasons for this have been previously discussed [1,2]. 


Irrespective of the details of the experimental design, all previous studies on age estimation which the present authors are aware of have operated with same-language material, i.e. both speakers and listeners possessed the language of the stimuli as their first language. The variable which is systematically studied in the present experiment is the language in question, i.e. the material was to be presented to same-language listeners as well as to listeners who had no knowledge of the speakers' language whatsoever. This was done in order to determine whether listeners are able to draw any information on speaker age from parameters which are specifically related to linguistic knowledge of the language in question. It has to be noted, however, that the two languages involved both belong to the family of Indo-European languages and thus are fairly closely related. 


In summary, the following research questions were asked: (1) How good are listeners at assessing speaker age from telephone-transmitted material? (2) How accurate are age estimations if the listener does not understand the language spoken? (3) How do the results compare to those of listeners who do? (4) Are "difficult" voices language-dependent? (5) Does listener sex make a difference for the assessment? The last question can be addressed with respect to the German groups only since they are balanced for sex.

1. Materials and Methods

The recordings used in this study were available from previous investigations. [1,3] The stimuli consisted of standardized texts of about 45 sec. duration each, i.e. a reading of “The North Wind and the Sun” in the case of the German speakers and a short text involving personal and credit card data in the case of the Italian speakers. They had been provided by 20 Italian and 20 German male speakers between the ages of 21 and 66. Age ranges were identical for the two sets. Both sets of stimuli were telephone-transmitted. The Italian stimuli were recorded individually over the telephone; the German stimuli had originally been recorded in HiFi quality and were subsequently transmitted over the same actual telephone line and then re-recorded. 
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A total of four panels of listeners took part in the perception experiment. Both the German and the Italian tapes were first presented to listener groups whose native language matched those of the speakers. This group consisted of 20 Italian and 52 German college students.. The German tape was then assessed by a total of 20 Italian college students who had no knowledge of German, and the Italian tape was played to 20 German listeners who had no knowledge of Italian. Listeners were instructed to estimate each speaker's age to the exact year. 

2. Results and discussion

The overall results for the German and Italian speakers - averaged across listeners - are represented in Figures 1 and 2, respectively. 

Figure 1: Average calendar age (CA) of the German speakers and age as perceived by Italian (IL) and German(GL) listener groups
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Figure 2: Average calendar age (CA) of the Italian speakers and age as perceived by Italian (IL) and German (GL) listener groups

They show that, for most voices, listeners behave in a remarkably similar way irrespective of the speaker's native language. When looking at correlations, the one between listener groups is in both cases the highest as compared to that of each listener group with the calendar age of the speakers. 

Italian Listeners vs. CA of Italian Talkers
.751

German Listeners vs. CA of Italian Talkers
.745

Italian Listeners vs. German Listeners
.790

Table 1: Correlations (Pearson, 2-tailed) between average PA of listener groups and CA as well as between listener groups (Italian talkers)

Italian Listeners vs. CA of German Talkers
.300

German Listeners vs. CA of German Talkers
.578

Italian Listeners vs. German Listeners
.677

Table 2: Correlations (Pearson, 2-tailed) between average PA of listener groups and CA as well as between listener groups (German talkers)

When looking at these correlations as indicators of listener accuracy, one would have to conclude that Italian listeners could not cope at all with the stimuli presented to them in German, whereas the German listeners did just as well on the Italian stimuli as did the Italians. Focussing on listener accuracy as outlined above instead allows for a more detailed interpretation. 

Italian Talkers
Average individual error in years

German Listeners
10.2

Italian Listeners
8.5

German Talkers


German Listeners
10.5

Italian Listeners
12.1

Table 3: Average individual error in years

The error values established here are slightly higher than those reported in previous research for HiFi speech. It may thus be concluded that telephone transmission will make age estimation more difficult. This finding has practical consequences for the forensic applications of phonetics which utilizes age estimates as one component of speaker profiling. 


It emerges that the German voices generally presented more problems to the listeners than the Italian ones. The difference in group performance between the two languages cannot be interpreted here, though, since listener groups were not identical for the same-language and the different-language conditions. 


For both sets of talkers, the listener groups who knew the language performed better in terms of individual error than did those who did not. However, neither the difference of 1.7 years for the Italian talkers nor that of 1.6 for the German ones is statistically significant. Thus even though the different-language condition presented listeners with more problems than the same-language one, listeners did not benefit substantially from the same-language condition.

When we look at group errors (i.e. the difference between CA and the mean PA of the respective listener group), a similar picture emerges:

Italian Talkers
Average group error in years

German Listeners
7.8

Italian Listeners
7.4

German Talkers


German Listeners
7.9

Italian Listeners
9.8

Table 4: Average group error in years

Owing to the averaging procedure, group differences are generally smaller than individual errors. The group errors observed here are in keeping with those previously reported for HiFi speech. While there is practically no difference between listener groups with respect to the Italian stimuli, the Italian listeners performed slightly worse on the German stimuli than did the Germans. Again, the difference in group error lacks statistical significance. 


Another tendency to be observed for the Italian talkers in both listener groups is a trend towards centering, i.e. to overestimate the age of young speakers and to underestimate that of older ones. This phenomenon has been reported by other researchers [6,11]. It is at variance with the observation by Hartman [4] who found that his subjects generally underestimated speaker age. For the German talkers, this centering tendency is evident with Italian listeners only, though, the German listeners underestimated the old voices but came pretty close to the actual age of the younger ones. 


The question of whether listener sex will influence the performance has been answered differently by previous researchers. While most researchers report no difference in performance according to sex Hartman [4] found his female listeners to be more accurate than males in judging speakers over 50 years of age. 

Italian Talkers
Average individual error in years

Male Listeners (N = 7)
   9.8

Female Listeners 
(N = 13)
10.4

German Talkers


Male Listeners 
(N = 26)
10.2

Female Listeners 
(N = 26)
10.8

Table 5: Average individual error depending on listener sex

In our data (German listeners only), the male listeners performed slightly better than the female ones in terms of individual error, but the difference is far from significant. This finding confirms those from a number of experiments carried out by the first of the present authors whose results are as yet unpublished. It can thus be regarded as a very stable trend, yet seems difficult to compare with Hartman's [4] findings owing to differences in defining listener accuracy (correlations as opposed to individual error).

3. Conclusions

The research questions asked at the outset can be answered as follows: Listeners are probably not as good at estimating speaker age as is suggested by previous research. On average, the difference between PA and CA amounts to 10-12 years. The fact that these numbers are slightly higher than those previously reported for HiFi speech can safely be attributed to telephone transmission. It can furthermore be concluded that even though listeners do not seem to benefit substantially from knowing the language in terms of overall accuracy of the judgements, they do not behave in a completely uniform way either. This is demonstrated by the fact that in 9 (Italian talkers) and 10 (German talkers) out of the 20 cases the difference between the 2 groups is greater than 5 years, and in 4 cases each the difference exceeds 10 years. This is certainly a point which awaits further study, e.g. it would be interesting to investigate listener strategies more closely in terms of parameters on which they based their judgements. Finally, male listeners tend to perform better than female listeners, but differences are far too small to reach statistical significance. This means that male and female listeners can safely be combined (at least when assessing male speakers' ages). 
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