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The aural classification model developed by Howard , Ballas ,

and Burgy (1978) states that classification is a process of

estimating the probability of membership in each category and

chosing the category which maximizes the probability of being

correct. Estimates of the probability of category membership are

based on the distance from the stimulus to the category prototype

in a psyc hological space. Each category is represented by a

region in the psychological space that surrounds the prototype

for that category. The likelihood of category membership is

determined by a set of’ Gaussian probability density functions

centered at the category prototypes.

In the original research (Howard et al , 1978), the stimuli

varied in two dimensions , and the probability distribution of a

category was defined in a two dimensional space by the

coordinates of the prototype and a variance for each dimension.

The most important parameters estimated by the model are these

variances. They are partly reflective of sensory noise and

sensitivity, but Howard et al found that the variance on each

dimension was greater than what would be expected if only sensory

factors were involved . Other contributing factors may includ e an

inaccurate memory for the category (Durlach & Braida , 1969) and

uncertainty about the location of category boundaries (Gravetter

& Lockhead , 1973).

Howard et al have described the overall variance in capacity

terms and argue that it represents an upper limit on the amount

of effort available for the task . As such , it might have both

..~~~
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I n d i v i d u a l  L i s teners  Page 2

sensory and memory components. However , the limited— capacity

approach (Kahneman , 1973) implies that the demands of the

different aspects of the task are being traded—off. Because of

this , the limited capacity approach is particularly suited to

multidimensional stimul i where the listener must attend to more

than one stimulus attribute to determine a classification. The

Howard et al (1978) classification model was developed

specifically to be used with  mul t id imens iona l  s t imu l i .  Model s

developed by o thers  have  not yet been appl ied to more than one

d imens ion  a l t hough  th i s  ex tens ion  has been considered (M a c m i l l a n ,

Kap lan  & Cr eelman , 1977 ) .

In the two dimensional case , the available effort will be

allocated to one or both d imens ions  depending on the salience of

the dimension. Factors which affect salience includ e

discriminability, relevance of the dimension to classification ,

individual differences and prior learning (Kahneman , 1973).

These factors should be associated with changes in the variance

parameters estimated by the model . Howard et al found that the

relevance of an aural dimension affected the allocation strategy

as reflec ted in the estimated variances. In this experiment we

L examine i n d i v i d u a l  differences in aural classification. The

pur po se of the stud y is to de termine  whether l i s tener  d i f f e r e n c e s

persist  wi th  changes in d imens iona l  relevance.  In pa r t i cu la r , we

are interested in whether the overa l l  v a r i a n c e  parameter  remains

stable for a pa r t i cu la r  i n d i v i d u a l  wi th  changes in d imens iona l

relev ance.  To accompl i sh this , four l is teners  were tested on the

same set of sounds in each of two condi t ions , one which

— ~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~
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emphasized one dimension and one which emphasized the other

dimension. The model will be used to estimate the overall

a t t e n t i o n a l  e f fo r t  parameter  as well as individ ual variance

parameters  for each d im ens ion  in each c o n d i t i o n .

Method

P a r t i c i p a n t s .  Four unde r g radua te  stud ents were paid to

pa r t i c ipa t e . In order  to ob ta in  differences in performance , both

n a i v e  and exper ienced l i s t eners  were used . The two experienced

l i s t ene r s  were h i g h l y  ski l led in au ra l  c l a s s i f i c a t i o n  from pr ior

experiments. Two naive listeners were solicited by

advertisement. Initial monitoring of their performance indicated

that they were not as skilled as the two experienced listeners.

The four listeners includ ed three males and one female , and all

reported no hearing deficiencies.

Apparatus. All experimental events were controlled by a

laboratory digital computer. Modulation wavefo rm s were

synthes ized  by the computer and output  on a 12—bi t

d i g i t a l — t o — a n a l o g  conver te r  at a 5 kHz sampl ing  ra te . This

signal was applied to the input of a laboratory—constructed

t r ansconduc tance  opera t ional  a m p l i f i e r  c i r c u i t  ( R C A  CA3 08 ’4 ) .  The

output  gain of the operat ional  a m p l i f i e r  was d i r ec t ly

propor t ional  to the ampli tud e of the modula t ion  s ignal . These

ampli tud e—modulated s ignals  were del ivered to l i s t ene r s  over

matched Telephonics TDH _ Z $ 9 headphones wi th MX~ 141 /AR cush ions .
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Stimuli. A set of 16 amplitud e modulated noise signals was

generated by combining four level s of modulation frequency (4 ,

4.8, 5.6, 6.4 Hz) and four level s of attack (43%, 57%, 71%, 86%

of period ). Following Howard et al (1978), the perceptual

attribute corresponding to modulation frequency will be referred

to as Tempo , and the attribute corresponding to attack will be

referred to as Quality. These sounds differed from those used by

Howard et al both in modulation frequency and attack. The

m o d u l a t i o n  frequency steps were mad e closer in order  to avoid

possible  c e i l i n g  e f f e c t s .  The level s of attack were cho sen so

tha t  r i se  t imes  of 20~ 140 rnsec would not be used . Accord ing  to

Cutting and Rosner (1974) , perception of’ rise times in this

interval is different than perception of rise times outside this

interval .

The noise carrier was 2OHz—2OkHz white noise (B & K Model

1402 random noise generator). The modulated signals had sawtooth

waveforms with the percentage of’ attacks above. All signals were

presented at about 65 dB SPL .

The 16 s t i m u l i  were pa r t i t i oned  into 8 categories in two

ways. The Tempo partition includ ed categories tha t  d i f f e r e d  on

four level s in Tempo and only two levels in Quality. The Quality

partition was formed in the reverse manner ——two level s in Tempo
.1

• and four level s in Qu a l i t y .  Thus each of the d i m e n s i o n s -w a s more

re l evan t  in one pa r t i t i on  and less re levan t  in the o ther .

However , the stimuli were the same in both partitions.

• _
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Procedure .  The l i s teners  were tested i n d i v i d u a l l y  in a

sound—attenuated booth . They were told t}~at their task was to

learn to classify sixteen sounds into eight categories , two

sounds per category. No specific instructions were given about

how Tempo and Quality were to be used . Each trial began with a

visual warning followed by a 2.5 or 3 sec presentation of one of

the sounds. The two durations occurred equally often and were

includ ed to discourage a simple “peak counting t’ strategy. After

the signal ended , the listener pressed one of eight keys (labled

with CVC nonsense syllables of equal association value ) to

indicate the category for the sound . Feedback was provided after

each trial .

All listeners received 192 trials in each of 8 blocks for a

total  of 1536 trials in each partition. After completing one

partition , the listener was started on the other partition.

Listeners LK and RO received the Tempo partition first and

listeners JP and JG received the Quality partition first .

Listeners RO and JG were the two experienced participants.

Trials were random ized in each block. Listeners normally

completed two consecutive blocks a day.

Results and Discussion

Performance of all listeners peaked within the eight blocks

for both partitions. One listener , LK , did not peak until the
p.

e ighth  block and was tested for two addi t ional  blocks to

de te rmine  whether her perfo rmance would con t inue  to improve.  Her

performance on these two additional blocks was equivalent to that

.1~4 .
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on block eight. The overall perfo rmance for all four listeners

on the Tempo and Quality partitions are presented in Figures 1

and 2, respectively.

Insert Figures 1 and 2 here

The performance under the Tempo partition was significantly

better overall , but pr imarily for two of the four listeners. The

overall percentage correct was 62% and 55% for Tempo and Quality

res pect iv e l y ,  ave rage d across the eight blocks and the four

listeners. This difference was statistically significant (z

7.87 , n 6 1 4 4 ) ,  bu t was due pr i m a r i l y  to the pe r f o rmance  of

li steners  JG and JP .  These two did s i gn i f i can t ly  better wi th  the

Tempo p a r t i t i o n , wh ich  was the second p a r t i t i o n  for them (z

4 . 4 2  a nd 10.53 for  JG and JP , n 1 536) .  This  i n d i c a t e s  tha t

there  was some e f f ec t  due to the order of the partitions. Since

Tempo was generally the more effective cue , the added practice on

it during the Quality partition , the first partition for JG and

JP , may have raised their performance on the Tempo partition.

The difference in performance under each partition was not

significant for LK and RO who received the Tempo partition first .

The Gauss ian  c l a s s i f i c a t i o n  model was used to es t imate

theore t ica l  confus ion  ma t r i ces  for each l i s tener  on each block.

The theoretical  ma t r i ces  were de te rmined  by select ing s tandard :
dcv iat ion parameters  for each featur e that min imized  the

discrepancy between the theoret ical  and observed mat r ices  in a 

j
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least squares sense . A standard , quasi—Newton gradient algorithm

was used to perform the fits (subroutine ZXMIN in the IMSL

mathemat ical library) . The reciprocals of’ the standard deviation

parameters were used to estimate a subjective weight for each

feature , an d the two we ights  were summe d to est im a t e the to ta l

attentional effort. The predicted confusion matrices were then

co r r e l a t e d with the ob serve d m atr i ces  to d eterm ine t he good ness

of fi t .  Across a l l  l is tener s an d blo cks , the model accounted for

approximately 83% of the variance in the confusion matrices. The

model accounted for 86% and 77% of the variance along the Tempo

an d Qual i ty  dimens ions , a statistically significant difference (z

12.73, n 14096). There were also differences between

l istener s , with the model accounting for 914%, 85%, 714% and 64% of

the variance for listeners JG , RO , LK and JP . Generally, these

differences are directly related to the percent correct since

acc u r a t e  pe r f o r m a n c e  is more  cons i sten t an d thus more pre di c tab le

and more accurately modeled .

In order to assess the stability of individual differences ,

the variance parameters for the best four blocks in each

partition were averaged and compared across listeners and

partitions. An average of the best four blocks was used in order

to get a more stable estimate of maximum per formance. These

averages are shown in Table 1 , by listener and by partition.

Inser t  Table  1 here

The d i f f e r e n c e s  betw een l i s teners  are  grea te r  than the
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Table 1

Overall Attenti onal Effort by Partition and Listener

Listener Mean
Pa r t i t i on  JG RO LK JP
Tempo 19.33 16.12 12.84 12.38 15.17
Quality 18.01 15.82 13.53 10.19 14 .39

Mean 18.67 15.97 13.19 11.29

‘
1 ; -

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~
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differences between partitions. Specifically , the rank order of

the listeners is the same for each partition. These results

in d icate tha t  the level of ove ra l l  e f f o r t  change d more as a

function of the listener than as a function of the dimension.

p 
The overall effort parameter estimates the upper limit of

ca pac ity tha t  a ppl ies to ea ch l i stener , but wi th in  th is  l im it ,

performance is dependent upon how the effort is allocated . That

is , the ava ilabl e capaci t y may be a l locate d to either dimens ion

in a manner that may or may not be optimal (i.e., m a x i m ize the

average probability correct). Once the overall effort is

est imate d by the mo del , the opt imal allo ca t ion  of th is capac ity

is easily found . In this study, all  l i s t ene r s  were pe r fo rm in g

near optimal levels. Both the observed and optimal levels are

shown in Figures 3—6.

In se r t  Figures  3 — 6 here

In almost  eve ry  b lock , the observed performance is just slightly

below the ~otimal level .

Since the observed pe r formance  was n e a r l y  opt imal , the

allocation of effort was necessar ily close to optimal . This is

shown in Table 2.

Inse r t  Table 2 here

The optimal allocation for both pa r t i t i ons  was about a 64 % to 36%
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• Table 2

Observed and Optimal Tempo Emphasis by Partition and Listener

Listener

JG RO LK JP

Partition

Tempo
Ooserved .60 .70 .77 .63

Optimal .63 .65 .64 .64

Quality

Observed .40 .46 .49 .56

Optimal .36 .35 .36 .38

d

I

~~~~
‘
~~~~~~~~~~~~~~~~

2•
~~ 

~~~~~j I~ _ _ _ _ _ _ _ _ _  p 
~~~~~~~~~~~~



- 
~~~

-
~~

- w

Individual Listeners Page 17

r a t io  between the more and less r e l e v a n t  d i m e n s i o n .  The observed

a l loca t ion  was biased toward Tempo in both p a r t i t i o n s  ave rag in g

68% in the Tempo partition and 48% in the Quality partition. It

seem s likely that this overemphasis of the Tempo dimension

resulted from the poor discriminabi lity of the Quality dimension.

Since the present stimuli were construc ted to make both the

Quality and Tempo disc riminations more difficult than in

prev iousl y inves t igate d st im u l i , it is possi b le tha t  stimulus

differences along the Quality dimension were approaching a

sensory threshold.
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