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Abstract.
The  aim  of  this  study  was  to  investigate  the  subjective  age  estimation  of  unknown  speakers’voice  recorded  from  telephone  calls.

With  forensic  application  in  mind  we  conducted  a  perceptual  test  to  determine  whether listeners  are able  to  estimate  the  age  of  an  unknown  speaker as well as  other  characteristics  such  as  sex,  geographical  provenience  and  the  level  of  education,  by  hearing  his/her  voice  over  the  phone.

The  results  of  the  statistical  analysis  we  carried  out  show that  listeners  are  capable  of  assigning  a  general  chronological  age  category  to  a  voice  without  seeing  or  knowing  the  talker

0.Introduction

Every  day  experience  allows  us  to  state  that  it  is  possible  to  make  an  estimate  of  the  age,  the  geographical  provenience  and  the  level  of  education  of  a  speaker,  and  also  to  correctly  guess  his/her  sex  only  by  hearing  his/her  voice.  It  has  also  been  demonstrated  by  several  researchers  that  listeners  are  able  to  make  fairly  accurate  judgements  about  male  speakers’  age  from  voice  cues  only  [1,2,3].  

The  estimation  of  speakers’  age  is  one  of  the  most  frequent  tasks  in  speaker  profiling:  whenever  an  anonymous  recording  is  submitted  for  analysis,  an  estimation  of  the  speaker’s  age  and  sometimes  also  of  some  other  of  his/her  characteristics,  are  requested  by  investigators  as  this  usually  results  in  a  major  lead  in  the  identification  and  search  of  the  person.  For  this  reason  we  thought  it  was  appropriate  to  study  the  correlation  between  age  and  other  speakers’characteristics  and  his/her  voice.  

1.Materials  and  methods

21 male  and  21  female  voices  were  used  as  samples  for  our  test.  

The  42  voices  were  randomly  selected  from  the  1000  voices  of  the  SIVA
  database  gathered  at  FUB.

The  7  age  groups  range  were  established  as  follow:  18-24,  25-31,  32-38,  39-45,  46-52,  53-59,  60-66.  Three  males  and  three  females  were  selected  for  each  of  the  7  age-groups  range.  

The  42  voices  were  almost  equally  distributed  in  the  three  main  Italian  geographic  areas:  Northern,  Southern  and  Central  Italy,  which  coincide  with  the  three  main  regional  varieties  of  the  Italian  language  
.

A  group  of  4  male  experienced  listeners  and  a  group  of  13  male  and  female  naive  listeners  (University  students)  with  no  hearing  pathologies,  served  as  subjects  and  they  were  paid  the  equivalent  of  30  $  to  carry  out  the  test  of  the  total  length  of  about  40  minutes,  which  was  submitted  in  two  parts  with  an  interval  of  10  minutes.  .

The  subjects  listened,  over  headphones  at  a  confortable  listening  level  (about  80  dBA  at  the  ear  reference  point),  to  the  42  voices  reading  the  same  passage,  consisting  of  a  short  curriculum  vitae,  of  the  length  of  about  60  seconds  and  then  answered  a  questionnaire  relative  to  each  voice  sample  heard.  

They  were  required  to  indicate  the  perceived  age  group  range,  the  sex  and  the  geographical  provenience  and  the  level  of  education  of  the  voices  heard,  thicking  the  appropriate  answer  among  the  ones  given  in  the  multiple  choice  questionnaire.

They  were  also  required  to  make  a  confidence  rating  of  their  judgement  for  each  sample,  using  a  5  grade  equal  appearing  interval  scale,  where  0%  denoted  definitely  unsure  and  100%  meant  definitely  sure.

2.  Analysis  of  the  data

All  the  information  gathered  were  organised  and  memorised  into  a  database.  The  data  were  then  analysed  by  means  of  statistical  analysis  and  the  results  were  plotted  in  a  series  of  graphs  and  tables  with  the  support  of  Microsoft  Excel.

2.1  Judgements  relative  to  Age  

The  results  of  the  statistical  analysis  showed  first  of  all  that  the  experienced  listeners  did  not  perform  significantly  better  than  untrained  listeners , even if the  experienced  listeners    showed  to  be  more  confident  of  their  judgement  compared  to  the  untrained  listeners.

According  to  this  first  analysis  we  then  considered  the  expert  listeners  and  the  non-expert  ones  as  one  single  group  and  we calculated  the  mean  of  chronological  age  (CA)  and  perceived  age  (PA)  with  relative  standard  deviation  for  each  age  class.  The  values  are  given  in  table  1.  

Mean  CA  

for  age-classes
Mean  PA  

for  age-classes
Standard  Deviation  

of  PA

21
30
3.8

28
34
6.9

36
39
5.9

42
45
6.1

49
46
4.8

56
49
4.4

64
49
4.5

Tab.1  Means  of  chronological  age  and  perceived  age  and  relative  standard  deviation  for  all  the  answers  given  by  all  the  listeners.

We  also  calculated  the  overall  percentage  of  correct  answers  which  is  equal  to  27  %.  To  have  a  more  significative  vision  of  the  results  we  also  calculated  the  percentage  of  correct  answer  for  each  age  class,  reported  in  fig.2,  where  we  can  see  that  listeners  assigned  the  correct  age  class  mainly  to  the  age  group  46-  52  while  they  rarely  identified  voices  of  the  age  group  60-66.  




Fig.2  Percentage  of  correct  answers  for  age  classes.
In  figure  n.  3  it  is  represented  the  relation  between  chronological  age  (CA)  and  perceived  age  (PA).  It  is  clear  from  this  graph  that  listeners  tend  to  overestimate  young  voices  and  to  underestimate  old  voices.  This  tendency  was  pointed  out  also  by  Ship  and  Hollien  in  their  experiment  [4]  in  which  subject  performed  a  direct  age  estimation  task.
.


Fig.  3  Relation  between  chronological  age  and  perceived  age.

In  figure  n. 4  are  represented  the  percentages  of  correct  answers  for  each  age  class  together  with  the  “distribution”  of  the  answers  in  the  adjacent  age  groups.  It  is  clear  from  this  graph  that  if  the  age  classes  had  a  bigger  range  (14  years)  the  percentage  of  correct  answers  would  result  to  be  higher. Eventually,  considering  the  speakers  as  forming  only  three  groups:  younger  speakers,  adult  speakers  and  older  speakers,  we  can  see  that  the  overall  percent  of  correct  answers  rise  up  to  71  %  (fig.5)



  

Fig.4  Percentage  of  correct  answers  and  their  dispersion  in  the  adjacent  age  classes.



Fig.5  Percentage  of  correct  answers  for  only  three  age  classes.

In  previous  studies  [2,3]  researchers  measured  accuracy  of  perception  in  terms  of  percent  correspondence  between  PA  and  CA.  In  order  to  make  our  results  comparable  with  those  obtained  by  previous  studies  we  also  calculated  the  percent  correspondence  between  chronological  age  and  perceived  age,  which  is  given  in  table  n.3,  where  chronological  age  is  represented  by  the  central  value  of  the  age  class  and  PA  is  represented  by  the  mean  value  of  all  the  answers  given  by  all  the  listeners;  the  percent  of  correspondence  between  CA  and  PA  is  calculated  dividing  the  highest  values  by  the  lowest  ones.

Age  classes
CA
PA
Percent  of  correspondence  between  CA  and  PA

18-24
21
31
67%

25-31
28
35
80%

32-38
35
35
100%

39-45
42
38
90%

46-52
49
46
94%

53-59
56
48
86%

60-66
63
49
78%



tot
85%

Table  n.2  Percent  of  correspondence  between  CA  and  PA.

Our  result  is  consistent  with  those  previously  obtained  by  other  researchers,  which  are  reported  in  table  n 3.

Neiman,  Applegate

77.80%

Braun  experts

85.50%

Braun  non  experts

84.10%

this  study

85%

Table  n.3  Summary  table  of  percent  correspondence  between  CA  and  PA.

Although  in  all  studies  the  percent  correspondence  between  CA  and  PA  shows  quite  high  values,  we  don’t  have  to  believe  that  these  values  correspond  to  the  overall  mean  of  correct  answer,  which  in  fact  in  our  study  results  to  be  only  27%.

2.2  Judgements  relative  to  sex,  geographical  provenience  and  education

The  percentage  of  correct  answer  relatively  to  the  sex  of  the  speakers  is  100%  with  100%  of  the  listeners  claiming  to  be100%  confident  of  the  answers  given,  which  means  that  none  of  the  listeners  ever  doubted  of  the  sex  of  the  speakers  heard  in  the  voice  samples.

The  percentage  of  correct  answers  given  for  the  geographical  provenience  of  the  speakers  is  56%  with  57  %  of  the  listeners  claiming  to  be  75%  confident  of  the  answers  given,  which  apparently  states  the  capability  of  listeners  to  assign  the  voice  of  unknown  speakers  to  the  correct  geographical  provenience.  This  results  of  course  is  not  to  be  considered  as  general,  as  we  have  seen  that  in  the  case  of  Italian,  there  are  many  regional  dialects  and  varieties,  and  the  simple  subdivision  of  the  variety  we  made  was  based  on  the  broadest  subdivision  in  geographical  areas  of  the  Italian  territory.  

The  percentage  of  correct  answer  relative  to  the  level  of  education  of  the  speakers  is  41%  with  70%  of  the  listeners  claiming  to  be  75%  confident  of  the  answers  given.

The  results  relatively  to  the  correct  answers  given  for  each  of  the  characteristics  of  the  speaker  profile  are  summarised  in  figure  n.5



Fig.5  Percentage  of  correct  answers  for  all  the  characteristics  of  speakers’  profile.

3.Discussion

The  aim  of  this  study  was  the  evaluation  of  the  ability listeners  to estimate the age of unknown speakers in  a  subjective  estimation  task. Our  results show that:

experienced  listeners  do  not  perform  significantly  better  than  untrained  listeners,  they  only  show  to  be  more  confident  of  their  judgement.  The  expert  subjects  who  submitted  our  test  were  only  a  small  number  (4)  to  give  us  statistically  representative  results,  and  for  this  reason  we  don’t  feel  like  generalising  that  the  results  of  experts’  estimation  of  speakers’  age  are  not  suitable  for  speaker  profiling  for  forensic  purpose.
The  error  percentage  of  age  estimation  is  a  funtion  of  age  class  and  it  ranges  between  75%  and  50%.
In  other  words  the  results  of  this  study  regarding  the  subjective  age  estimation  task  confirm  that  listeners  are  able  of  assigning  a  general  chronological  age  category  to  a  voice  without  seeing  or  knowing  the  talker,  but  they  also  show  that  the  percent  of  correct  answer  varies  drammatically  depending  on  the  range  of  the  age  class.  Moreover  our  result  show  show  that  listeners  are  able  to  guess  the  sex  of  an  unknown  speaker  and  also,  to  some  extent,  his/her  geographical  provenience  and  educational  background  only  by  hearing  his/her  voice  over  the  telephone.  
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� Speaker Identification and Verification Archive is a database gathered by FUB with the main aim to run experiment for speaker verification and identification.It is made up of a total of 2000 phone calls made by 1000 speakers, equally distribuited by sex, age and geographic area.


� Italian is characterised by many dialects and regional varieties; the broadest way to evidentiate the big geographical variability of the Italian language is to identify three main regional varieties, which correspond to the three main geografical subdivisions of the Italian territory (Rohlfs G. 1996, Studi e Ricerche su lingua e dialetti d’ Italia, Sansoni Editore) . 
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voci

sogg.1

sogg.4

sogg.16

sogg.17

media risposte

media risposte in età ecentrale

dev std

conta risposte esatte

risposte esatte in percent.

età reale

classi

età centrale delle classi

coeffic. di correlazione media - età centrale

esperti %risposte esatte

non-esperti % risposte esatte

voc6

31.5

28.0

7.826237921249264

1.0

18.0

18-24

21.0

0.7233362957169616

18-24

voc43

28.0

28.0

4.949747468305833

1.0

19.0

18-24

21.0

25-31

voc8

29.75

28.0

5.80409338312195

1.0

21.0

18-24

21.0

coeffic. di correlazione puntuale - età centrale

32-38

voc18

28.0

28.0
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1.0

21.0

18-24

21.0

0.5598209325832401

39-45

voc16

36.75

35.0

13.442005058770064

1.0

24.0

18-24

21.0

46-52

voc25

29.75

28.0

7.628073151196179

1.0

0.25

24.0

18-24

21.0

53-59
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24.5

21.0

3.5

2.0

26.0

25-31

28.0

60-66

voc24

36.75

35.0

3.031088913245535

0.0

26.0

25-31

28.0

tot
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31.5

28.0

6.06217782649107

3.0

28.0

25-31

28.0
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38.5

35.0

7.826237921249264

1.0

28.0

25-31

28.0

voc14
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28.0
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1.0

31.0
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28.0
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38.5
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3.5

0.0
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31.0
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28.0
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0.0

0.0
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35.0
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32-38

35.0
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35.0

35.0

4.949747468305833

2.0

36.0

32-38

35.0
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36.75

35.0
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3.0

38.0

32-38

35.0
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45.5

42.0

11.6081867662439

2.0

0.3333333333333333

38.0

32-38

35.0
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33.25

35.0
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2.0

40.0

39-45
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35.0
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1.0

40.0
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35.0
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39-45
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0.0
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39-45

42.0

age classes

experts

non-experts
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18-24
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2.0
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25-31

29.0

40.0
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40.25

42.0
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46-52

49.0

32-38

33.0

31.0
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49.0
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42.0
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età centrale delle classi (x)

media delle risposte

regressione y = f(x)

30.470588235294116

32.09420955882349

Pearson

34.1764705882353

32.09420955882349

coeffic. di correlazione
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retta di regressione
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media delle risposte = f(x)

intercetta = b
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y = f(x) = ax + b
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voci

sogg.1

sogg.2

sogg.3

sogg.4

sogg.5

sogg.6

sogg.7

sogg.8

sogg.9

sogg.10

sogg.11

sogg.12

sogg.13

sogg.14

sogg.15

sogg.16

sogg.17

media risposte

dev std

conta risposte esatte

risposte esatte in percent.

classe dopo

risposte classe dopo in %

classe prima

risposte classe prima in %

età reale

classi

età centrale delle classi

coeffic. di correlazione media - età centrale

voc6

30.470588235294116

7.570202010350097

5.0

4.0
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18-24
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