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Session 9. 
I I 
When compared ·tO the d'1 �o�b�~�e�d� in session 1, the detcctabillty of 

" 
�~�e� 0.5 kHz component has remained stable over the course. of tl}e 

experiment for observer SH. For AC however, detectability has improved 

to a level where d' for this Ct;>Jl)ponent nearly matches some of the d's 

for the complex signal that were obtained during sessions 3 to 7. 

. Session 10 and session 11. 
• • . . 

··For · both AC and DG, d' for the 1.3 kHz is lower ·than ·d' for either 

of the other two ·signal types. However, f9r SH, the le.vel · d '11 measured · . . .. 

in !essiori 11 exceeds die n1aximum d'com on the �c�o�m�p�l�~�x �.� signal �f�o�u�~�d� in 
' 

session �6 �~� \ 

C. ,DiScussion of Experiment 1 

The results indicate that detection perfonnance, as me_asured by the 
. . . 

sensitivity index d', did ·not change when the high component was . 
unexpectedly added to the signal. If, indeed, �l�~�s�t�e�n�e�r�s� were· using ·a single 

critical band centered on the _low �c�o�m�p�o�n�e�n�t�~� �t�h�~�n� we _might argue that 

spectral 'energy in tha region of . the high cqmponent w
1
as attc!luatCd. This 
I 

' 
finding . is- consistent with �p�r�e�v �i �o�u�~� evlderice· �c�o�n�c�e�r�n�i�t�:�~�g� the deteetability of 

. . . 

unexpected signals (Tanner, et al, �1�9�~�6�)�,� and suppons a sensory. filtering 
\ 

hypothesis (Greenberg and Larkin, 1968). 
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.•. 
Note, however, that for listeners AC and SH detection performance 

"" . 
improves with subsequent experience on the combined signal, indicating thlt 

these ljstencrs began to use the high component. It is possible that they 

Wei"e making a shift in Strategy from Using a single critical band to using 

two separate bands. 'lit- order to determine whether these observers utilized 

the information in both bands we can exami.._9C the results obtained during 

session 8. 

The data from the two blocks in ·which only the low component was 

used, ·and the two blocks in which only the ·high ~omponent was used, 

~n~ble . us ~ usc' each of th~ models to . predict. performance on the four 
. . . . .. 

bl<:>e~s of ·co01bined sign~. Sp~cifically, . the · infolll1Rtion -iritegration· model 

-- for . twq, · uncorrelated . ~om~~nents . ls. pr~d d-; c~ -~ ..J ( d/) 2 + ( dh ') 2 • . By. · 
• ' • ' • '• ' • ' • ' I ' 

substitutbi'g th~ obtamed··.value for the individual.· d's. the model prcdic·~ a . . .. . . . 

d'com of 1.68 for AC _wheret\S th~ o~tained d~com is ,equal to 1.69. For 

SH the predicted d'com is 2.08 whereas (the obtruned i~ 2~10: Both of 

these predicted v~:es · ~ ' within .a \tan~~e~r of the obtained d's ... By 

con~t, th.e decision-threshold model predictS~ probability .. correct, P com (C), 

of 0.8S for AC whereas the obtained iS .0.80. For SH the predicted value 

is 0 .. 90 and the ·obtained is 0.82. These disc~pancies are each several 

·.·. ·· .... . ,\ :.;~ . . ·. (,·.:~ 

' ,\.' ·: 

•. 

, .. 

• to . 

. ~ . 

standard errors. ·· 

In quilitativc agreement with ~- information integra~~n model are the ~ . . .. . 

decrementS in performance that occurred when either of the Individual 
• 0 • • • 

·components '!';'as · removed_ from thC. combined ;ignal . . Far -~~ampl~, in. the 
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first. block of session 8, SH's perfonnance on the O.S kHt signal ·dropped 
. ) . . 

below performance on this same . component as measured in session 1. . 
r 

This is consistent with the multiple-band energy-detection view because it · is 
. . 

assumed that the subject listens to noise power from both filters \.but 

suddenly · receives a signal in only one of them (s . .e Eq. 4). 

The fact that perfonnance· increased to p~vious levels during the 

second block . suggests that SH detected a ~hange ·in the sigrial !lJld then, in 

" effect, anenua~~ the .output associated with the critical band contain!ng only 

noise. Similarly, the ~ta for thi~ · observer (se~sion ~) show that · 
,• . 

detectability .did not initially .increase when either· of. the single components . - . . ... . . . . 

. was · rciittroduccd_ (see Table ·1). · .Once !!gain, tHe sharp increase ·in d' · . . 

iOdicates ;.that :a ~lii~t iri lis~ning · ~~e~ ~curred· during ihe ·_secon~:. biOc:k.JO· 

Taken· together, the results from this . experiment suggest that subjects­

can usc a. different listening strategy in response . to changes in the spectral 
I , 

~ composition of a sigrtal. In particular, a listener can improve detection 

performance either by 8.dopting a single-band strategy when the signal is 

-restricted io a single frequency, or by adopting a multiplc-b!ind strategy 
. . 

when the signal -consists -of two, widely separated - ~uencics. The next 

expcrimen~. is designed as an attc_mpt to · dctcnnin~ flore about ho~ auditory 

information from two critical bands is combined. A task is considered in 
• I t • 

which listeners· cannot adopt an optimal strategy for each of the. different 
~~ 1 

signals. 
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m. EXPERIMENT 2. Blocks with a mixture of signal types 

It was found that when signals were .changed between blocks, subjects 
' I ___ ,..----

apparently detected F.9pemes of the signal and then adjusted . their listening -
strategy ~ordingly. So, for example, when a component was eliminated 

from the co~bined signal, . performance was initially impaired ... but it . 
. . 

·improved in subsequent blocks. In this experiment the three signals used 

in Experiment 1 are randomized. on a trial-by-trial basis, within the same 

block of trials:. As a result, listcnen· cannot select a strategy that is best 

suited to each signal. Rather, they must :select a strategy that deals with all . . . 
. ' . . . \ . . 

signals· ·simultaneously and . .aiain~ .. it throughout a block of trials. 
' • ' \ ' I 

Swets: (1984) . has. described various ··models for how 'obserVers . . . . ' 

. t • • • 

"aggregate," ~ combine infonnati?n which · e~cites sep~te critical bands. 
0 • • .. 

First let us. reconsider the 'integration n:todel. -;ntis model asserts that 

observations from n statistically iiulependcnt critical bandS, ( x 1, x 2, ••• ,x, ), 

~ ~~mbined. ~ither via likelihood ratio or by an optimally weighted linear 

COJ?lbination~ Because of ai1 assumed post-dete.ction integration,' the .. 
detection process co~on to eaeh band would . occur, resulting in an overall' 

decision that is made on the basis of the combin~ infol'ID:8tion. Hencet 

when n observations are combined, the model is 

.(7a) 

. I;ll wordst the combined value of .d', denoted d,/, is equal to the square 

;,.: \ . 
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• \ I f • 

... 

root of the sum of the squares of the individual values of d'. For a 

signal consisting of two equal energy, orthogonal components the integrution 

model is 

Recall that the results obtained in Experiment ~ demonstrate that 

listeners can attenuate both signal and noise input to one of ·the bands . 
, . 

(7b) 

- Thus, in some case~, the vjue of d' for .a ·given signal changed gradually 

. . ' . .. ... . . ' . 

.. _.,· 

•. ! 

" • 

i 
\ 

\ . . \ 

···" 

:~i~~:,; .... -:. : ..... . ~ ... '·· ., .· 

·, 

':'·' 'o'<er mal)y blocks, whereB:S in other cases, it changed dramatically from one 

block'-to the next.- In contrast, . because listener$ in ·Experiment 2 are 

presented. with signals · that excite e~ther filter separately, or both filters 

simultaneously, . the output of both critical bands must be used. This means . -

tha~ independent of which signal is presented, noise from each critic~ band 

i~ . deliveredt:tti the decisi~n pr~ess~erefore, in a mixed block cond1tlon, 
~ . 

the iotnl ·noise that "contributes" to variance in the decision process ·is equal 

to a weighted linear combination : pf the tanance in each band, 
\ 

·- (8) . 

Assuming that the fil.ter outputs are uncorrelated. then a signal which 
. 0 

excites either critical band would produce an increase of signal energy in 

that band alone. In the current study, this will be ll'Ue if either of the 

singll! component sign'als ( 0.5 kHz or 1.3 kHz ) occurs. It is importa11t to 
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note, however, that the U>tai variance due to the noise power. C1uJt is still 

the combined noise from both bands. Thus, the appropriate d' for each 

individual component is 

(9a) 

(9b) 

' . . . 

. But on tri~ when the complex signal occurs, the signai eifergy in · 

both critical 1;>ands increases, and therefore 

d'com = 
( ro1 • ilx1 + c.oh ·l!.xh ) 

C1t01, 

r' 

(10) 

By substituting Eq. 9a.b into Eq. 10 we can see that the relationship 

between the detectability ·for the individual components and the detectability 
f 

for the complex signal is given by . 

Thus, by randomly mixing the single component ~ignals and the 

combined signal within the .s_ame block ~f tri~s. the · obtai~ed d' ~f,gr the 

~om~incd signal should be the simple sum of the individual d's . 

·: . . . ~· . •, . . .. 
.· 

. • . . . . ·~ • t l f' •• 

0 

(11) 

,. 
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In this experiment the d' summation model (Eq. 11) and the decision 

threshold model (Eq. 6) will be used to quantitatively test how listeners . . . 
combine information from· two separate critical' bands. While the integration 

model assumes that the outputs of the critical band filters arc statistically 

combined to form the basis for decision, the decision threshold model 

assumes that only "the decisions made on each band a.re. retained for furtlter 

,processing. 

A. Procedure • 

Ail signals and signal levels were th~ same as thbse used in · .. 
Experiinent 1. · In addition, the o~era.ll ~ p~iori. probability of SN and N 

. '· :.. 
trials was set equal to O.S. Out of the 60 SN tljals, e~h signal type was 

equally likely to be .selected for presentation and thus, the 0.5 kHz, 1.3/cHz, 
. . 

and combined signal each were presented 20 times within the same block. 

The listeners' task was to indicate whether or not a signal was detected; 
... 

identification was not required. Subjeets AC, SH, and DO were tested for 

30, 60, and 50 mixed blocks respectively. 

B. Results 

. In order to .facili~te comp-arison of the dctectability of signal types' 

across experiments, the obtained values pf d' listed in Table 2 are .. 
' > I 

,... • • t 

displayed in Figures 1 to 3 above the label .. mbted blocks." Note that the 

~, s repo~d here were calcuiated. ~sing the overall false al~ rate. Table 

2 ~hows the experimentally obtained hit rate and d' for each of the signal 
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typeS, as Well as the estimated hit rte and d I found br iterative!~ fitting 

each of the models to the data. The maximum likelihood estimates were 

found by '~justing th.~ estimate4 hit and false alarm rate to minimize the 

chi square discrepancy between the data and the estimates subject to the 

constraint of the models. The final iteration involved step sizes ..that 

correspond to changes in the estimates of 0.001. 

The results of the analysis show that the models tested here do not . 
_provide ari accurate desC1fiption of ~e qata. For the d 1 summation model, 

the values of 'X.'- are all significant at the 1% leyel (with 3d/). In addition, 
( 

the fonil of the decision threshold model analyzed here does not fit the 
J • . • 

data for observers· SH and DO, but does·· fit AC's data. Although ·the. 

experime.ntally obtained d 1 s 'for the combined signal are less than those 

predicted by the mapels, it is apparent that for AC and SH, the combined 

~ignal is more detectable than either of the single components (see Figures 

1 and 2). For DO, the 0.5 kHz signal and combined signal are equally 

detectable. 

C. Discussion of Experiment 2 

The results from . pus . experiment show that neither the information 

integration nor the deci~ion threshold model can adequately describe the 

rcladon~hip bctweeq performance on the single component signals and the 

combined signal. Nevertheless, additional comparisons of performance ~an 

be\ made between the experiments • 

I . 
\ 
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According to both models the detectability of, the two-tone complex 
...... . 

should be the sam~ in both experiinents. For example, the infonnation 

integration model asserts that the listener combines sensory infonnation from 

both critical bands. Regardless of wheiher this signal is presented· 
l 

throughout a block of trials or, is interspersed randomly with the isolated 

components in the same block, detectability would be unaffected. That is, 

for the complex signal his decision~ are ·based on the same signal strengths 
") . 

and the same noise (compare Eq. 4 and Eq. 9). Likewise, for the decision 

threshold model, the observer is combining decisions resulting from the 

same processes in both experiments. So, it too predicts identical 

performance on the combined signal in both experiments: By contrast, 

these models do not make the same predictions for the single component 
' . ·; 

~ignals. In particular; the decision threshold model predicts that performance 
I 

should be the same for both experiments because the probability of the 
~ 

variable in a channel exceeding some fixed value (threshold) does not ... 

. depend on whether the signal is the same in evety trial or varies from trial 

to trial (Buus, et al, 1986). The. multiple-band model, on the other hand, 

does predict lower perfonnance in the second experiment. . Th~ reason for 

decreased performance is that the listener must simultaneously use both 

listening bands: whi~}l cause~. ~ increase in the . variance of the decisio~ 

variable relative to a single-band strategy. Put simply, the noise that 

degrades perfonnance in the first experiment comes from only a single 

critical band while in the second experiment it must come from both 

\ 
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critical bands. 

For the combined signal SH, AC, and DO show performance 

decrements equivalent to signal _decreases of 0.6, 0.6. and 1.8 dB 

, respectively, where d's have been converted to dB using the relationship 

dB = 101og(d'mix.edldfiw). Each of these vaiues represent changes of at 
, I 

I .' 
. . . 

least two standard errors. The decreases for the low components are 0.2, 

·o.9, and 1.7 dB respectively. Finally, decreases for the high component are 

2.1 and S.SdB for SH and AC. The decreases for the single components 

.represent changes of at -least two standard errors . for all but the smallest 

decrease. We can ~gue, then, that . these- ~es for the single 
' I 

component signals are contrary to the predictions made according to the 

-decision threshold model while the decreases on the combined signal are . . . ·- . 

• 

•' 

con~ ~o b~th· models. Thus not only. do the m.odels not fit th~ results 
- .. , 1'\ 

of this experiment, but they do not ' predict the differen~es in perfonnance . . . 

between experiments. 

IV. ·coNCLUSION • . 

. 
Experiment 1 shows ·that subjects can adjust their listening ·· strategy to 

.· ·, 
adapt to changing signals and also that this ~sition in strategy ·can occur 

between successive blocks, or over many blockS. · .ln \ addition, the 
' . . 

. ' . 

qull!ltitativ~ an~ysis in. ex~riment 2 shows fttat subjects do not combine 

infonna.tion according to the info~ation in~egration .or decision $-eshold 

models. This conclusion is further sup~rted. oby•the comparisons of 

.. .. . ·. .· ·., I .. • ' ' • I : I • • . . . ... .' : ... 

... 
l 
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.? 
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performance between experiments. 

Therefore, while the result~ from this study demonstrate that subjects 

have the ability to switch from a single- to a multiple-band listening 

strategy, presumably to optimize performance when the signal changes, 

neither the information integration nor the decision threshold m~ls account 

for the details of their performance. 
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Tabh! 1. Obtained values of d' fro.m Experiment 1. 

Condition 

Session SiRna/ d' 

I 1 0.5 kHz 1.27 

-2 combined 1.29 
~ " 1.58 
4 " 1.49 
5 II 1.57 
6 " 1.51 
7 II 1.69 

8 0.5 kHz 1.26 
II ·-- ·t.s6-

combined 1.74 
II 1.88 

1.3 kHz 1.05 
II 0.88 

combined 1-:54 
II 1.65 

9 0.5 kHz 1 .. 48 

10 1.3 kHz 1.12 
11 II 1.06 

• 

I • 

~ :·:. ~· : :. ·, . .. . ' •' .. . . ..... :. . 

ACt· 
lmals 

f2oo 

" 
" 
II 

II 

960 
1200 

120· 
II 

II 

II 

II 

II 

II 

' II 

1200 

II 

II 

· .. . . . 

Observers 

SH 
d' 

1.35 

1.39 
1.56 
1.71 
1.80 
1.84 
1.74 

1.'19 
1.28 
1.35 
2.04 
1.78 
1..61 -. 
1.62 
2;58 

1.38 

1.81 
1.92 

" .. ... .. 

trials 

1200 

II 

" 
tl 

" 
960 

1080' 

120 
" 
" 
" 
II 

II 

II 

II 

960 

1200 
" 

, • ' 

. . : .· 
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DO 
d' trials 

1.21 1200 

1.28 " 
1.11 " 
1.19 I I 

1.17 II 

1.18. II 

1.23 " 

~ 120 
II 

1.34 II 

1.30 II ' 

0.00 II 

0.15 II 

1.07 II ' 

1.31' II 

1.34 1200 

0.29 II 

0.11 " 

,. 

.. . 
. . : ~ 

'· ' 

. l; 
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Ta~le 2. Summary of the-analysis of Experiment 2. 

Maximum 
Likelihood Estlmntes 

o,ta d' Decision 
Swnmation mockl 

\ 
Threshold mode' . 

Observer Siena! d' Hit rate d' Hit rate Hit rate 
' 

AC 1.3kHz 0.29 0.44 0.44 . 0.50 0.43 
' -'"') .. CQmbined . 1.44 0.85 1.55 0.86 . 0.87 -l 

, 
0.5kHz 1.21 0.78 1.12 0.75 ~6 

(n = 3240) ~ r..l = 13.20 .34 

S.H I .3kHz 1.19 0.70 0.92 0.61 0.65 
Combined 1.65 0.84 1.98 . 0.91 0.90 
0.5kHz 1.33 0.75 - -1.20 0.71 0.70 

' 

(n = 7200) x2 .= 142.27 x2 = 56.41 

DO ·!.3kHz 0.20 0.47 0.2.8 0.50 0.43 
Gombined 0.88 0.73 0.96 . 0.75 0.80 
0.5kHz 0.90 0.74 . 0.69 0.66 0.72 . 

- (fl. =: 6000 ) j x2 = 30.60 '\ x2 = 4.33 · . 

"Note: A x2 value· of 11.30 (with 3 df )-is significant at the .001 level. 
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