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Note, however, that for listeners AC and SH detection performance
impmves with aubsequent cxpcm:ncc on the combi.ned signal, indicating that
these listeners began to use t.he high component It is posmble that they
were making a shift in strategy from using a single critical band to using
two separate bands. In order to determine whether these observers utilized
the information in both bands we can examine the results obtained during
session 8. S . B 1 3

+  The data from the two blocks in which only the low componcnt was

] usod, a.nd the two blocks m which only the hlgh component was used,

enable us to use each of the models to pmchct pcrformancc on the four

blocks of combmcd signal, Specl.ﬁcally. the mformatwn integration” modcl

-

for two uncormlated components 1s predd' '—\!(d, )2+(d,, )2, By

subsntunng the obtmned value for the mdmdua.l d'.s' the modcl predn.ts a

d’ o, of 1.68 for AC _whereas the o_btmncd d’.om is cqual to 1.69. For

SH the predicted g’,,, i8 2.08 whereasfthe obtained is 2.10. Both of
these predicted values- are within a standard.ermor of the obtained d’s. By
contrast, the dccisioﬁ-ﬂxreshold_ model predictsag probability” correct, P, (C ),

of 0.85 for AC whereas the obtained is 0.80. _For SH the predicted value

i3 0.90 and the ‘obtained is 0.82. These discrepancies are each several

stahc_lan:l crrors.

-

i‘ In qualitative agreement with the information intcgrapigin model are the _
decrements in perfarmance that occurred when either of the individual _

' 'components whs'rcmoircd_ from the combined pignal. . For cx'amblé., in the
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first. block of session 8, SH's performance on the 0.5kHz signal dropped

‘below performance on this same,component-as measured in session 1.

This is consistent with the muitiple-band energy-detection view b&cause it is
assummed that the subject listens to noise power from both ilters “but

suddenly receives a signal in only onc of them (sec Eq. 4).

The fact that performance 4ncreased to previous levels during the

second block .suggests that SH detccied a change ‘in the signal and then, in

effect, anenuated the output associated with the critical band containing only

noise. Similarly, the ‘dn_ta for this observer {session 3_) show that °

detectability did not iniliélly inéreasc when gither: of the single components

was’ mmroduced (see Table 1). Oncc again, tHe sharp lncreasc in d’

md:cates r.hat a shlﬂ m hstemng sl:megy occum:d durmg the second block

Taken together, thc results from this cxpenmcnt suggcst r.hal: subjects—

¢an use a’ dlﬁ'crent hstcnmg stratcgv in response to changes in the spccl:rnl

composition of a sigrhal. In particular, a listener can improve detection

performance either by adopting a single-band sfrategy when the signal is

restricted fo a single frequency, or by adopting a multiple-band strategy

when the signal consisl:_s -of two, widely sepamted'frgqueﬁcies. The next
experiment. is dcsiéncd as an .anqmpt to dewcrmine more about how auditory
information from two critical bands is combined. A task is considered in
whicﬁ lisfcnem' cannot adopt an oﬁ;im&l stmﬁgy for each of the. different

. b ' . ]
signals. .
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II. EXPERIMENT 2. Blocks with a mixture of signal types

It was found that when signals were changed between blocks, subjects
apparently detected properties Of the signal and then adjusied their listening
strategy accordingly. So, for example, when a component was eliminated

from the combined signal, -performance was initially impaired.-but it

improved in subsequc:it blocks. In this experiment the three signals used

in Experiment 1 arc randomized, on a trial-by-trial basis, within the same
block of tﬁals.' As a result, listeners- cannot select a strnn:gy that is best
smted to cach mgnal Ruthcr. thcy .must sclect a stratcgy that dsals with all

mgnals mmultaneously and mmntmn 1t throughout 2 block of trmls

_ Swets’ (1984) has. descnbecl vanous modcls for how obscrvcrs
"aggregatc," 6r combine uﬂonnauon which "excites separate critical band.s'
Fu'st let us mcons:dur the integration model. This model asseris that
observations from » statistically independent critical bands, (%,X2,.. ¥ )
a.n: combmcd elthcr via likelihood ratio or by an optlmally weighted lmear
combmation. Because of an assumed post-detection intcgmtion, the
detection process commen to each band would .occur, msultmg in an overall
decmon that is mndc on the basis of the combined information. Hence,

whcn n obscrvanons are combmcd. the model is

" YA -
Zrdf’J’] (7a)
i=1 ’ :

In words, the combined value of d’, denoted d,’, is equal to the square
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root of the sum of the squares of the individual values of 4’. For a

signal consisting of two equal energy, orthogonal components the integration

model is . }

d’com= N(d’ ) + (dy')? (7b)

Recall that the results obtained in Experiment b demonstrate that
-lis'te:.ters can attenuate bot.h' signal and nois¢ input to one of ‘the bands,
Thus, in some cases, the va}ue of 47 for a given signal_ changed gradually -
'?3":01(:1- many blocks, whereas in other cases, it changed dramatically from one
'block' ‘to the next: In contrast, because listeners in ‘Experiment 2 are
presented. with gignal;t.hat excite cither filter scparately, or both filters
simultaneously, thc. dufput of both critical bl-mds must be used. This means ~
that, indep‘end‘cnt of whicﬁ sighal is presented, noise from each critical band
ié.dehvcmdfﬁ the decisibn proﬁcss._)('ﬂlerefore, in 2 mixed block condiﬁm.
the Eo'tnl ‘noise that "contributes” to variance in tfle dl-scision process i equal

to a weighted linear combination :pt' the Pariance in each band,

T O = N(0H Y + 0Fd) L (8

Assuming that the filter outputs are uncorrelated, then a- signal which L B
excites either critical band would produée an increase of signal energy in
that band alone. In the current study, this will be wruc if cither of the

single component signals (0.5kHz or 1.3kHz) occurs. It is important to

e
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¥ note, however, that the total variance due to the noisc power, O, is still
the combined noise from both bands. Thus, the appropriate d’ for each

individval component is

-

B o , _ (op-Ax)
= —U;'— (9a)
and,
()} -Ax i v
. g, = {9 2%) (9b)
O
: ahere 5= (lye= )
- | ‘But on wials when the «complex signal occurs, the signal effergy in -
i ~ both crtical bands increases, and therefore [ ' (J — _-_’
. oy -Ax; +  rAx
: i = (@ -Ax; 5 " Axy ) (10)

Ctox,

By substituting Eg, 9a,b into Eq. 10 we can see that th¢ relatonship
between the detgctability for the individual components and the detectni:ility

for the complex signal is given by.

¢ 4, =d) +d (11)
Thus, by randomly mixing the single component signals and the
combined signal within the same block of rials, the obtained d’‘for the

combined signal should be the simple sum of the individual d’s.

1]
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In this experiment the 4’ summation model (Eq. 11) and the decision
2 ' 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 are statistically

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

assumes that only the decisions made on each hand are retnined for futher
[processing. ’

- -
A. Procedure - e '

All signals and signal levels wcrc the same Bs thbse used in-
Experiment 1. addmon, the ovemll a pnor: probabtlxty of SN and N
trials was set equal to 0.5. Out of t.he 60 SN u;mls.‘ each signal type was
equally iikely to be -selected for pmscnmﬁon and thus, the 0.5kHz, 1.3kHz,
and con:fbincd signal ez'ic‘h were presented 20 times within th:'. same block. )
- s The listeners’ task was to indicate whether m" not a signal was detected;
| identification was not requircd. Subjects AC, SH, and DG were tested for

30, 60 and 50 mixed blocks respectively.

B. Results
y | In order to facilitate comparison of the detectability of signal types
hcross experiments, the obtained values of d* listed in Table 2 are
- displayed in Figures 1 to 3 above the label "mixed blocks." Note that the
’s reported here were caicuiated_ using the overall false alarm rate. Table

e\ 2 shows the experimentally obtained hit ratc and d’ for each of the signal

L .
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types, as well as the estimated hit {atc and 4’ found br iteratively fitting

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

found by“udjusu'ng the estimated hit and false alarm rate to minimize the
chi square discrepancy between the data and the estimates subject o the

congtraint of the models. The final iteration involved step sizes that
o

‘ correspond to changes in the estimates of (0.001.

The results of the analysis show that the models tested here do not
provide an accurate description of the data, For the d’ summation model,
the values of x are all- slgmﬁcant at the 1% level (with 3df ). In addition,

¥

the forrh of the dccnslon threshold modcl a.nalyzcd here ducs not fit thc
-dam for observers SH and DG, but does-fit AC’s data. Although the
experimentally obtained d’s for the combined signal are less than- those
predicted by the models, it is apparent that for AC and SH, the combined
signal is more detectable than either of the single components (see Figures
1 and 2), For DG, the 0.5kHz signal and combined signal are equally

detectable.

C. Discussion of Experiment 2

The results from this experiment show that neither the information

| integration nor the decision Ithrcshold model can adequately describe the
reladonship between pcrforman;:c on the single component signals and the
combined .ugnal Nevertheless, additional comparisons of performance can
. ba mads between the experiments.

f b, e PR
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According to both models the detectability ofsthe two-tone complex
should be thcwsamc- in both experiments. For cxnmplc,. the information
integration model asserts that the listener combines sensory information from
both f:ﬁﬁcal bands. Regardless of whether this signal is presented- ¢
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 decisions are-based on the same sjgnal strengths
and the same noise (compare Eq. 4 and Eq 9. Ltkewtsc, for the decision
threshold model, the observer is combining demsxons rcsultmg from the
same processes in !)oth experiments. So, it too predmts 1dcnucn1
pcrformﬁncc on thc\combincd signal in both experiments, By comrast,.
these models do not make the same predictions for the single component
gignals. In particular;, the decisio_r; threshold model predicts that performance
should be the same for both experipcms because t};c probability of thé

variable in a channcl. e.xcée'ding some fixed value (threshold) does not

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

to trial (Buus, et al, 1986). The multiple-band mode], on the other hand,
does predict lower performance in the second experiment. The méson for
decreased performance is that the listener must simultaneously use both
listening bands, wl;ig_h causeg an increase in the variance of the decision
variable relative to a single-band strategy. Put simply. the noise that
dagrades performance in the first expenmem comes from only a single

crmcal band while in the second expenmcnt it must comé from both

+

\
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critical bands.

L]

For the combined‘signa.l SH, AC, and DG show performance
decrements equivalent to signal decreases of 0.6, 0.6, and 1.84B
msmcéﬁely, where d’s have been converted to dB using the relationship
dB = 1010g(d’pizeq/d freq ). Each of these values represent changes of at

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

‘09, and 1.7dB respectively. Finally, decreases for the high component are

2.1 and 5.5dB for SH énd AC. The decreases for the single components =

represent changes of at-least two standard errors. for all but the smallest
decrease. We can argue, then, that.these decreases for the single

compdncnt signals are contrary to the predictions made according to the

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

contrary \t,o' both' models. Thus not only do the models not fit the results

6f_. m{s expe;'imént, b’u:. they do not predict the differenes in performance

-

between ¢xperiments,

IV. CONCLUSION ¢

-

Exp%rim'cnt 1 shows ‘that subjects can adjust their ﬁspcning"suamgy 10
adapt to chaﬁging signals and also that this transition in strategy can occur

between successive blocks, or over many blocks.- In' éddi_tion, the

quantitative ar{a_lysis in cxp;ri:lncnt- 2 shows fhat subjects do not combine

'infurma_tion according to the information integration -or decision threshold

models. This conclusion is further suppbned' by®the comparisons of

l

-

™
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performance between experiments.

Therefore, while the resulty 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 models eccoumt

for the details of their performance.

e
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Tablé 1. Obtained values of d” from Experiment 1. .
. Observers
Condition .
AC, SH DG
Session Signal d T’als d trials d srigls )

i | 0.5 kHz 1.27 200 | 135 1200 | 1.21 1200
2 combined 1.29 " 1.39 " 1.28 "
3 " 1.58 " 1.56 " 1.11 "
4 " 1.49 " 1.71 " 1.19 "
5 " 1.57 " 1.80 " 1.17 "
6 " 1.51 960 | 1.84 %60 | 1.18. “
7 " 1.69 1200 1.74 1080 1.23 "

8 0.5 kHz 1.26 120 | 1.19 120 Lg} 120
L1} o man - 1.56-— 1] 1.28 [ 1] s [}
combined 1.74 " 1.35 " 1.34 "
" 1.88 " 2.04 " 1.30 "
1.3 kHz 1.05 " 1.78 " 0.00 "
"o 0.88 " 1.61- “ 0.15 "
combined 1:54 " .62 " 1.07 "
" 1.65 " 2.58 " 1.31 "

o | 05K 148 1200 | 138 960 | 134 1200
10 1.3 kHz 1.12 " 1.81 1200 | 0.29 "
11 " 1.06 " 1.92 " 0.11 "



Table 2. Summary of the analysis of Experiment 2.

s

Maximum

Likelihood Estimates
Data d Decision
Summation model | Threshold model)
Observer | Signal & Hit rate d Hit rate Hit rate
AC {1.3kHz 0.29 0.44 0.44 " 0.50 0.43
) Combined| ~ 1.44 0.85 1.55 , 086 |- 0.87 .
t 0.5 kHz 1.21 0.78 1.12 0.75 76
(n =3240) ~ | ¥2=13.20 34
SH |13kHz 1.19 0.70 0.92 0.61 0.65
Combined 1.65 0.84 1.98 " 091 0.90
0.5 kHz 1.33 075 |- 1.0 0.71 0.70
(n =7200) y? = 14227 12 = 56.41
DG |1.3kHz 0.20 0.47 0.28 0.50 0.43
Combined|  0.88 0.73 096 = 075 0.80
0.5 kHz 0.90 074 | . 0.69 0.66 0.72
(n =6000) 12 =30.60 ¥2=433 .

'Note: A xz value - of 11.30 (with 3 df ) is significant at the .001 level.

I
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Figure L. Obtained values of d’ for AC.
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Figure 2. Obtined values of 4’ for SH.
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Figure 3. Obtined values of 4° for DG.
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