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Over the past years, a number of s tudies  have been concerned w i t h  the 

neurological processes invol ved i n  detect ing and local izing sound sources 

while l i t t l e  research has been concerned w i t h  the processes involved i n  iden- 

t i f y i n g  sound sources (c.f., E l l i o t t  & Trahio t i s ,  1972). This discrepancy is 

due t o  the  f a c t  that  not only may detection and localization be considered t o  

be more basic auditory processes than ident if icat ion ( i  .e., conceptually 

s impler) ,  but they are certainly more easy t o  t e s t .  However, the need t o  

iden t i fy  a sound source is cruci a1 t o  an animal ' s  survival i n  that  i t  to sound 
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discriminate the sounds on the basis of  t h e i r  physical characteristics (fre-  

quency, intensi ty,  timbre, time, and so f o r t h ) ,  rather than on the basis of 

t h e i r  source. Since dogs produce a wide range of sounds which vary not only 

from one vocalization to another (e.g., barks vs whines) but from one dog t o  

the  next (e.g., German shepherd vs Chihauhau), i t  was possible t o  use a sound 

source whose sounds were f a i r ly  heterogeneous. As a resul t ,  sounds f o r  both 

dog and non-dog categories could be chosen which overlapped i n  frequency and 

i n t e n s i t y  (e.g., dog bark and seal bark, dog whine and sheep bleating). In 

addit ion,  i t  was possible t o  s e t  aside a subcl ass of dog vocalizations (howls) 

f o r  use only as t e s t  stimuli to  see i f  dogs trained t o  respond t o  dog barks, 

whines, whimpers, and growls would respond s imi lar ly  t o  howls. Thus, our 

design was strongly influenced by the need t o  reduce the possiblity tha t  the 

animals could learn the task on the basis  o f  the  physical characteristics of 

sounds ra ther  than on the biological cha rac te r i s t i c s  of sound sources. 
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tapes using a 4-channel tape recorder (TEAC 3340s) and a Dolby noise reduc- 

t ion  u n i t  (Advent 100A). Each tape contained 16 sounds, 8 dog and 8 non-dog, 

w i t h  a11 dog sounds on channels 3 and 4, and a l l  non-dog sounds on channels 

1 and 2. However, t o  insure tha t  the animals were not learning to  discrimi- 

nate  differences between channels (e. g. , variat ion i n  frequency response), 

four  d i f f e r e n t  tape recorders were used .for playback. In addition, a dupli- 

c a t e  of  one of the tapes was made i n  which both the dog and non-dog sounds 

were recorded on a l l  fourchannels. In no case could any indication be 

detected t h a t  the animals were using possible differences between channels 

as  a cue. 

On playback, the sounds were f i r s t  led from the tape recorder to  the 

Do1 by uni t ,  then t o  an amplifier and f i n a l l y  to  a loudspeaker (Acoustic 

Research 3a). The loudspeaker was mounted over the tes t ing  cage which was 

located i c  a single-walled sound-proof cha&er. 

Procedure 

The dogs were placed i n  the cage and t ra ined  t o  press the windows w i t h  

t h e i r  nose i n  order to  receive a water reward (see Fig. 5). The animals were 

then t ra ined  t o  begin a t r i a l  by pressing the  center window of the 3-window 

panel. This response caused a tape recorder t o  play one of the 16 sounds. 

Following presentation of the sound, the dogs were required to press the 

r i g h t  window if a dog sound had been played and to press the l e f t  window i f  

a non-dog sound had been played. A correct  response was rewarded by making 



a small amount of water available a t  the water spout (signaled by the l ight  

above the spout as well as by a relay c l ick)  while an e r ro r  was not rewarded 

and was followed by a short  wait (5-15 sec) before another t r i a l  could begin. 

Two separate tests were used: a "generalization" t e s t ;  and, an "equi- 

val encell t e s t  . 
Generalization tes t .  The dogs were f i r s t  trained t o  classify 32 different 

sounds (16 dog and 16 non-dog) . The animals were then presented w i t h  16 new 

sounds on each of the next s ix  sessions,  thereby receiving a total  of 96 new 

sounds (Table I ) .  The f i r s t  response of an animal t o  each novel sound was 

recorded and the to ta l  number of correct responses was summed to  determine 

the  degree of generalization to  the new sounds. These sounds included barks, 

whines, whimpers, and growls, b u t  not howls. 

Table I appears about here 

Equivalence t e s t .  The dogs were given additional training on the 96 



these sounds could be presented many times without the animal being trained 

t o  respond one way o r  another to  them. A total  of 24 d i f fe rent  sounds were 

used i n  the equivalence t e s t  w i t h  two t e s t  sounds presented each session 

interspersed among 14 other sounds from Test I. Testing continued u n t i l  each 

animal had accumulated about 30 t r i a l s  per sound. 

Results 

General iza t ion  Test 

Figure 6 i l l u s t r a t e s  the ease w i t h  which dogs learn t o  discriminate dog 

sounds from non-dog sounds. Each l e t t e r  in  the  figure indicates a different  

s e t  of  16 sounds (8 dog and 8 non-dog). W i t h  the exception of ear ly sessions 

( c i r c l ed  A), a l l  16 sounds of a par t icu lar  s e t  were presented within a session. 

A l l  o f  the dogs successfully discriminated sounds on the f i r s t  o r  second 

auditory session (in which two sounds were presented). The speed w i t h  which 

the animals learned the task suggests t h a t  the discrimination of dog vs non- 

dog sounds is a very easy one for  them t o  make. 

Figure 6 appears about here 

Figure 7 shows the percentage of cor rec t  c lass i f ica t ions  of the 96 novel 

sounds of Test I .  These scores are based only on the response of the animals 

t o  t h e  i n i t i a l  presentation of each sound and show tha t  a11 of the animals 

generalized t o  the new sounds a t  a level greater  than tha t  expected by chance 

( t h e  dashed l i n e  a t  60% indicates the two-tailed 0.05 level of chance). 



Figure 7 appears about here 
. . 

Equivalence Test 

While the generalization test allowed us t o  asses 
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Table I1 appears about here 
. . .  . . . . . . . . . 

These results, 



occurred only i n  response to  one of the  howls indicating tha t  tha t  particular 
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opportunity t o  discriminate sounds on the basis  of source, b u t  also t o  rule 

out  the poss ib i l i ty  that  the animals might use some other cue t o  solve the 

task.  Since it is  impossible t o  completely ru l e  out the use of another cue, 

our problem became one of reducing the poss ib i l i t y  tha t  the animals were using 

any cue o ther  than the source of the sound. 

Our  f i rs t  s tep i n  t h i s  direction was the  choosing of a discrimination 

which the animals would naturally make themel  ves. The discrimination between 

members of one's own species as opposed t o  o ther  species i s  one which a l l  

animals m u s t  make, i f  only t o  reproduce, and t h u s  constituted an ideal choice 

f o r  this experiment. Indeed, i t  is d i f f i c u l t  t o  conceive of a more l ikely 

sound source discrimination. Thus ,  the extremely rapid learning of the dog 

vs non-dog discrimination should come as  no su rp r i se  and, indeed, longer 
* 

learning times would have suggested tha t  a l e s s  natural cue was being used. 

Our  second s tep i n  reducing the poss ib i l i t y  of  the dogs using a d i f fe rent  

cue was t o  careful ly  analyze and se l ec t  our sounds so that  the discrimination 

could not be solved simply on the basis of f ~ q u e n c y  o r  intensity.  Because 

we had access t o  a large number of recordings, we were able t o  choose sounds 

from both categories which not only over1 apped i n  frequency, but which i n  some 

cases were qu i t e  similar (c.f., dog bark and seal bark). Thus, it i s  d i f f i c u l t  

t o  see  how a simple frequency or  in tens i ty  discrimination could have enabled 

the  animals t o  perform so well. 

While one cannot completely rule out the  poss ib i l i ty  tha t  the animals 

were performing some sor t  of complex frequency-intensity-time discrimination 





t e s t  suggests tha t  they were using an eas i ly  detectable cue. Not only did 

t h e  animals generalize t o  these sounds as a whole, but an analysis of the i r  

f ina l  scores revealed tha t  there were only three of the 96 sounds (2  dog and 

1 non-dog) which any of the animals f a i l ed  t o  learn t o  classify appropriately. 

These resu l t s  along w i t h  those of the equivalence t e s t  indicate tha t  the 

animals were relying on an easi ly  perceived cue i n  order t o  discriminate 

physical l y  complex, but biologically simp1 e sounds. 

The resu l t s  of the equivalence t e s t  goes one s t ep  further. Here we found 

t h a t  the animals would classify together as dog o r  as non-dog sounds which 

were physically quite different  from the ones w i t h  which the animals had been 

. t ra ined.  Though some of the dogs had d i f f i c u l t y  w i t h  the howl which lacked 

an appreciable onset cue, the overall results indicated t h a t  the animals 

responded t o  howls as they did t o  the other  dog sounds. 

On the basis of the evidence, we have concluded tha t  the dogs were most 

l i k e l y  making t h e i r  discriminations on the basis .of the sound source, i .e. ,  

dog vs non-dog. As a resu l t ,  we have begun t o  use this procedure as a t e s t  . 

of  the  a b i l i t y  t o  recognize objects on the basis  of sound w i t h  the idea tha t  
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Table 11. Results of Equivalence Test 

Number of Sounds 

Correctly Incorrectly Failed to  
Dog Identified Identi f i  ed I den ti fy  

Note: An ident if icat ion occurred when an animal responded to a given sound 

by consistently touching one of the windows over successive presentations of 

t h a t  sound (p o0ht1
(sound )Tj
02ob49410 1,755 0 Td
(prese-0.1sound )T2-t.0294). Tc 1.854 0 Td
 0 rred 774 0 Td
(of )Tj 153.3676.5608 Tm
(cons4 )T7(to )Tj
0.0294.402 0 51hat 



Figure Captions 

Fig. 1. Sound spectrum of three consecutive barks produced 
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Fig .  7. Percentage of correct responses t o  the f i r s t  presentation of each 

of the 96 sounds of the generalization tes t .  Dashed l ine  indicated the 

0.05 two-tailed level of chance. 

Fig. 8. Example of the response of dogs t o  animal sounds i n  the absence of 

reward ( i  .e., feedback). The dog correctly classif ied these sounds i n t o  

the categories of dog and non-dog without receiving feedback as t o  

whether its responses were correct  o r  incorrect. Each score . is  based 

on a minimum of 30 t r i a l s .  

Fig. 9. Sound spectrogram of a howl produced by a spaniel. 

Fig. 10. Response of dogs to  3 howls i n  which the animals received no feed- 

back as t o  whether o r  not t h e i r  responses were correct. Dashed l ine  

indicates 0.05 two-tail ed level of chance. 

Fig. 11. Sound spectrogram of a howl produced by a small mongrel. Note the 

lack of a definite onset as compared t o  the howl shown i n  Fig. 9 (ver- 

t i c a l  spike i n  the l e f t  section of the figure is an a r t i f a c t  produced 

during the spectrum analysis and was not present i n  the taped version 

of the sound). 















G E N E R A L I Z A T I O N  T E S T  



CROW TURKEY C H I M -  RACCOON 
PANZEES , -- 

. . . HOWL BARK WHINE BARKS 
( 3  DOGS) 








