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Recent studies by Hillyard et al. (1973) and Schwent
and Hillyard (1975) have demonstrated that the amplitude of
the Hl wvave of the auditory vertex potential can reflect the
distribution of selective attention among competing chﬁhnels
of tonal stimuli, over and ahove any influences of non- ;
selective arousal or alertness factors. In the préceding re-
port ( Schwent et al. 1976a), it was shown that a rapid rate
of stimulus delivery (i,e,,ahigh information load) is eséen-
tial for producing reliable alterations in the N; wave when
attention is shifted from one auditory channel to another,

The magnitude of this attention-related Ny enhancement, how-
ever; wa.s considerably smaller in the Schwent et al. (1876a)
study, vhich used 60 dB 8L tone pips, than in either of the
aforementioned studies, which used 50 and 45 dB 8L tones, re-
spectively. This suggested that stimulus intensity might be

a crucial variable in determining the lability of the auditory
evolked potential (EP) to shifts of atténtion;' Indeed, in a
number -of studies which failed to obtain reliable attention
effects upon lij, relatively high stinmulus intensity levels
vere employed (eg. Hartley 1970; Smith et al. 1970; Wilkinson
and Lee 1972). The present study is accordingly designed to
make é direct comparison of selective attention eifects on the
auditory Ny wave under conditions of low and high tone inten-
sities,

feveral lines of eﬁidence suggest that the addition of

bhackeround white noise to the channels of tone information would
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male for an even greater attentional enhancement of the audi-
tory N, wave, First, in studies wvhere subjects detected 1000
liz tone pips that were just barely discernable againét & noise
background (Hillyard et al. 1971; Bquires et al. 1973), marked
enlargement of Nl occurred when attention was shifted frdm a
reading task to the tones; these studies were not controlled
for shifts in non-selective zlertness or arousal, howevei,
since EPs were recorded only to the one channel of tones
(Nigtinen 1067). Recondly, addition of a background noise
which makes the stimuli more difficult to discriminate should
result in greater processing efforts and lend an additional
degfee'of selectivity to thé distribution 6f atten%ional ca~
pacity among the input channels | (Hillyard et al. 1973),
Thirdly, psychophysical studies by Eockey (1970 a,b).indicate

that a noise baclkpround can increase the selectivity of.atten—

~tion by a different mechanism, perhaps by altering subjects'

arousal levels, Accordingly, the present study compared the
effects of attention on N; under conditions where tone pips
were presented alone (at 20 and 60 dB FL) and when white noise
vas added to malke the tones barely above the threshold of de-
tectability. |

Becauée of the use of threshold level thes; subjects
were.not asked to make difficult piteh or duration discrimina—_
tions as in previous studies but were asked simply to count the

total nunber of tones in a designated channel. Use of this
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simplified task will test whether or not the "tarpget-detection®
paradigm used heretofore (Hillyard et al. 1973; Schwent and
Hijlyard 1975; Schwent et al, 107Ga) is a mandatory require-
ment for the modification of Nl. Finally, since Schwegt and
Hillyard (1975) demonstrated that multiple channels of.séimuli
maximized the attentional changes in N, the present study em-

ployed three spatially distinct channels of tone pips.

METHODS

Suhjects

Ten normal young adults served as paid volunteer suh-
jects. Five were laboratory personnel and five were inexper—

ienced student recruits,
Stimuli

Acoustic stimuli were presented through a stereo headset
while the subjects reclined comfortably in a sound-attenuated
chamber (Industrial Acqustics). Tone pins of 50 msec duration
(5 msec rise and fall times) were delivered over three spatially
séparated "echannels": 2000 Hz tones were presented to the left
ear, 1000 ¥z tones to the right ear, and 4000 Hz tones to both
ears at equal intensity to produce a subjective localization in
the center of the liead. The seqguential oxder of presentation of

the right, left and center tones was randomized (Bernoulli dis-

tribution with each channel equiprobable). The inter-stimulus
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intervals (ISIs) between successive tones were also randomized

with a mean ISI of 333 msec (range 200-1500 mseca), giving an
averapge ISI within each channel of 1.0 sec. A five rninute
segment of this stimulus sequence containing approximately

300 tones per channel was pre-recorded on a 4-channel audilo
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tape, so that all subjects would receive identical stimuli.

Two tone intensities ("loud" and "soft") were empioyed

in separate experimental conditions. In the "loud" tone con».
dition, the 4000 Iz (center) tones were set at 60 dB SL (sen-
sation level, ahove a subject's absolute threshold for those

; tones), and the right and left tones intensities were then

| adjusted until they matched the center tones in loudness. In
the "soft" tone condition, the center tones were set at 20 dbD
8L, with the others then matched to the center tones in loud-
ness. On Sepafate runs the tones were presented at each of
these two intensity levels and with or without a binaural white
noise backgrbund,giving four basic stimulﬁs conditions, In pre-
liminary runs for each subject, the intensity of the background
noisé was increased to the highest level at which the :ihject
was still able to detect 100% of the tones in each channel. Thus,
for loud tones considerably more noise had to be added to make |

them just barely '"supra-threshold” than fux the soft tonés.

Procedure

On each run the subject was instructed to count the number

of tones in one-of the three channels and to ighore the other
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tonos; subjecls repglistered their count by pressing a button
alfter every tenth tone. Over the course of the experiment
each subkject paid attention to only two of the three’ channels,
in order to reduce the total experimental time and subject
fatipguc. Over the course of the study then, each channei was
attended by 6 or 7 subjects. | | .
There were, therefore, a total of eipht experimental
conditions: attention dirccted to one of two channels, téne
intensity loud or soft, a;d white noise present or absent.
Fach of the eight conrditions was run twice, using the first
2.5 minutes of the taped stimulus sequence for the first run
and the second 2.5 ninutes for the replication. ZFach subject
thus received sixteen 2.5 minute runs, each followed by a two
minute rest period. The order of the experimental coﬁditions,
including charnel attended, stimulus intensity, and noise pres-
ence were counter-balanced across and within subjects, insofar

as was possible, to minimize possible order effects.

" Recording System and Data Analysis_

Cerebral potentials wvere derived from a central scaip
(vertex) electrode referred to the right earlobe, amplified

with a Grass 7P5 pre-amplifier (bandpass down 3 dB at 0.3 and

I
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500 Ilz), and recorded on F! magnetic tape for off-line signal
averaging with a Nicolet 1072 computer. The vertical EOG was
also recorded and averaged to puard against possible electro-

ocular contaminants,.




Separate EPs were averaged over 128 ione pips of each
run for each of the three sound sources (one attended, two
ignored). The EPs from replicate runs were sunmed to yield

an averaged waveform containing 256 individual responses, "The

amplitude of the Ky wave (90-160 msec) was quantified for each

waveform with respect to its initial 20 nsec average "baseline"

voltage and with respect to the peal amplitude of the preceding
Py wave (30-80 msec). Changes in the Ny ampiitude with éhifts
of_attentibn vere measured by two different methods. TYor each
of the two attended channels of each subject and under each ofé

. 'the four noilse-intensity combinations,an "attention coefficient"

was - calculated fron the'Nl amplitudes as follbws:

‘ N, (attended)-H, (non-attended)
Attention coefficient = :

172 [#1 (attended)+ Nl (non»attended{l

From the same values a "percent enhancement" score was also

determined:

Per Cent Enhancement = 1100%

(Hl amvlltude (attended)-Nl (non—attended)
H,; (non-attended)

These scores were averaged across suljects for eguivalent con-

ditions of noise and intensity, and deviations of the scores
from zero vwere assessed by a Wilcoxen signed ranks test over all

- subjects.

RESULTS

Figure 1 illustrates the typical effect of selective
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attention upon the Nl waves evoled by one channcl of tones,

in this case by the 4000 liz tones localized to the center of
tl'e head, In the low intensity (soft) condition, attending

to the center tones (solid lines) greatly enhanced the hl wave
in comparison to when attention was shifted to anothor.cﬁannel
of tones (dotted lines). This attentional enhancement of Ny
vas not so marked for the loud tones, however, and was snmall

or absent for the loud tones preéented without noise. Figure’
1 also shows that the peak latency df N, is increased consider-
ably by the addition of masking noise at both intensities from;

00-120 msec (top tracings) to 130-160 msec (lower tracings).

e
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Looking at the mean N; amplitudes and attention effects
over all subjects for esch condition (Table 1), it is evident
that little attentional enhancement of Ny (15.5%, p<.05) occurs

with the high intensity tones presented alone. Reducing the

stimulus intensity and/or adding white noise, however, results

in substantial increases in the attention-related enhancement
of XNj. Iﬁ mable I the mean per cent enhancement scores and at-
téntion coefficients were first averaged over both attended
channels for each éubject ancd then over all subjects; the p
values resﬁli from Wilcoxen tests of the null hypothesis that
these coefficients are zero. Table II presents these N amp-.
1itudes separately for each stimulus channei and attention con-

dition, fThere were no significant differences between the three

ORIGINAL PAGE B
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channels in the magnitude of the attention-related changes.
The highly selective nature of the Hj enhancemnent is illus-
trated by the similar decrements in amplitude for both in-

attend conditions for a given chiunel.
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To examine the overall effects of stimulus intensity,
a Wilcoxen test was performed on the within—subjecfs pairs of
. attention coefficients for loud and soft conditions collapsed
over both noise conditions; the attentional enhancement of Nl
proved to be larger for soft stimuli (p<.05). 8imilarly, a
Wiléoxen test performedAon the pairs of.attention coefficients
for the effect of moise confirmed that the Ny enhancement was

greater with background noise (p<.05).

I I R

As in previous reports from this laboratory (Hillyard

et al. 1973; Schwent and Hillyvard 1975), the Ny component of

the auditory vertex potential elicited by a "channel" of tone

PR P AR UL




bursts was found here to be ineremented in amplitude when atten-
tion was focused upon that channel in relation to when competing
auditory channels were attended. The magnitude of this attention-
related variation in Ny was found to he greater for low iQtensity
tone bursts (ca. 20 dB SL) than for louder tones (ca. GO gB SL),
other factoars being cqual, The Hy evoled by the louder tones
was increased in amplitude by an average of 16% (marginally siﬁ-
nificant) when attention was shifted to the evoking channel..
This enhancement was similar in magnitude to that obtained in
the prcﬁious report (Schwent et al, 197Ga) which also employed
60 dB tone bursts with similasr ISIs. ''he less demanding atten-—
tional task (simple counting) may have contributed to the slightly
smaller attention ef{fect on Nl in the present study (16% vs. 20%).
It is evident from the low intensity and noise-added con-
ditions, however, that the simple counting task can result in an
Ny enhancement as great as with the difficult “target detection"
tasks used in the studies cited altove. This is consistent with
the proposal (Hillyard et al. 1973) that Ny amplitude indexes a
"gstimulus set" mode of attention whereby stimuli are selected for
or rejected from further processing (counting in this case) on
the basis of their "channel" of origin, defined in the presenf
study by pitch and spatial loecation attributes,
Thése resulis sﬁggest that the absence ~f substantial
attention-related variation in the auditory vertex potential in

some earlier reports, may, in part, have devolpzd from the
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relatively loud intenﬁities‘used (Hartley 1970; Smith et al,
1970; Wilkinson and Lee 1972). %The latter two studies are of
particular interest, since they used fairly short IfIs which
preatly facilitute the attentional enhancement of Hy (Sch@ent
et al. 1976a). Vilkinson and Lee did, in fact, find a some-
what larger attention-related enhancemeni of the Nj-Ps measure
for 61 dB tones (3.0uV) than for 78 dB tones (1.9uV), but a
statistical evaluation of the intensity effect was not reported.
The results of these and otler selective atteniion studies on
the auditory vertex potential are plotted in Figure 2 as a func-
tion of fhe critical variables of stimulus intensity and ISI,
Findings of little or no attentional enhancement (N.S.) are seen
to have been obtained when louder intensities (above GO dB £L)

and/or longer ISIs were used, while the greatest enhancements

.occur in conjunctions with the shortest ISls and leower intensi-

ties. While perhaps having some heuristic value, this analysis
is not completely rigorous, since the different studies varied
widely in their stimulus characteristics and task requirements;
more over, some of the studies did not report a useful measure
of stimulﬁs intensity (indicated by question marks on Fig, 2),
und others had a moderate amount of white noise in the background
(Hartley 1970; Vilkinson and Lee 1972). TFinally, no information
is yet'available'concérning how far the "attention zone" for Nj

extends as a function of ISI duration at very low intensities, .
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The reduced eflfcel of selective attention with the
louder tones might be interpreted simply as an inability of
the selection mechanism to "filter" or exclude intense sensory
information. An alternate explanation, however, is that N,
amplitude "saturates" or reaches a "ceiling' as stimulué inten—
sity is raised in the vicinity of 80 dB (cf. Picton et ﬂl; 1970,
Tig. 8). If one assumes that selective attention and intensity
variations modulate a common Ny generator via similiar mechanismé,
no further enhancement would be possible at stimulus intensities
which are already driving the Ny generator at its maximum outpu%;
moreover, a "saturated" Ny generator mipht alsc be less respoh—
sive to diminution by shifts of attention, if the intensity-
amplitude fanction ﬁad a "plateau" at ithat inteasity., Buch a

physiological ceiling hypothesis could also he invoked to account

. for the effects of background noise on the attentional modulation

of Ny, The addition of background noise has been shown to reduce
the Qertex potential markedly as a tone is masked to néar thres-
hold levels (Davis and Zerlin 1966). Assuming that this masking

of Hl takes place at a peripheral input stage (e.g., at the éochlea),
the level of activation of the I generator would be lowered from

the ceilling and again become labile to attentional enhancement,

On the other hand, the noise may sinply reduce the magnitude of

the centrally transmitted signal, thus making irrelevant inputs
more vulnerable to the "filter'" mechanisn.

Recent theoretical approaches to selective attentidn

11—



phenonena emphasize that the amount of "attentional capacity"
or "elffort" that can be applied to a task is necessarily lim-
ited, so that commitment of these "processing resources" to

one stimulus source limits the amount avzilable for otheré

(Kahneman 1973; Horman and Bobrow 1975). In this iramewogk, g

it would seem that adding background noise in our tone detec-— ;
tion task would influence the selectivity of processing in the
same fashidn.as vher. the rate of stimulus delivery is increased
(ISIs decreased)., Vith the tones barely abové the threshold 01;
detectability in noise, more processing resources musf bhe com-
mitted to the attended ch\nnel to achieve a high level of per-
formance, leaving fewer resources available to deal with the
irrelevert channels. Increasing the rate of stimulation would

similarly demand more resources or effort and increase Lhe dif-

ferential allocation between attended and irrelevant inputs. If
the Hy component is indeed an index of the differential distri-

bution of attentional capacity among competing input channels

(Millyavd et al. 1973), any factor which increases the diffi-

T e TR

culty of the detections, disceriminations, or identificatidns in
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one channel should increase the Hj amplitude differential be-

tween attended and unattended channels.
SUMMARY

A randomixzed seguence of tone bursts was delivered to

subjects at short inter-stimulus intervals (mean ISI of 333 msec),




with the tones originating from onc of three spatially anu
frequency-specific echannels. The subjeci's task was to count
the tones in one of the three channels at a time, ignoring

the other two, zad press a button after each tenth tone. lIn
different conditions, tones were given at high (GO dB SL)'and
low (20 dB SL) intensities and with or without a backgrouéd
vhite noise to mask the tones. The Nj component of the audi- -
tory.vertex potential was found to be lzrger in response to
attended-channel tones in relation to unattended tones, This :
selective enhancement of Ny was minimal for loud tones pre-
sented without noise and increased markedly for the lower tone ;

intensity and in noise-added conditions. The selectivity of

attention as measured physiologically in this multichannel lis-

tening task was thus greater when tones were faint and/or dif-

ficult to detect.
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200-300 msec. The triggers from this single track were

diVidéd at random on to four tape recorded tracks (p=.25

for each 6hannelf The triggers from three of these tracks

was then used to generate the interval structure of the three
tone sequences., Thus, while the minimum ISI.between successive
stirmli remained at 200 msec, occisional "runs" of triggers

in the discarded train resulted in tﬁe I8Is over the remain-

ing three sequences beconie as; large as 1500 nsec,
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Loud

Soft

No
Noise

Noise

No
Noise

Hoise

TABLE II

4

Mean baseline-N; amplitudes (in pV:5.E.) for each
channel, attention condition, and stinulus condition -

Attendsd
Channel

2Kz (Left)
4KNz (Center)
1KHz (Right)

2R
4Kz
1XH=

2Lz
4KHy
1Xli=z

2tz
4KHzZ
1H=

2z
(Left)

-

oo e
LWL
(lo 2 B o
= & M
O
tor B o))
LTSI

2.76+0.60
2.16+:0.83
2.41+0,064

4,32+0.83

2.240,27
2.99:0.73

3.33%0.39
1.45+0.20
1.26+0.24

-18-

4L Hz
(Center)

3.55:0,906
4.30:0,37
3.58+1,28

0.52+:0,16
3.44:0,64
1.38:0,67

2.27:0.791
3.23:0.83
2.26+0,562

1,93+0,73
3.61+0.93
1.56£0066

Bvoking Stimulus Channel’

1Klz
(Right)

4.27+1,48
4,37+1,61
4.73+0.94

2.78+0.80
2.59+0.67
3.32:0,90

2.09+0,61
2.25+1,06
3.85:0.40

2.33+0,82
2.41+0,97
2,87:0,59



Figure 1:

Figure 2:

FIGURE LEGENDS

Evoked responses of subject ¥.S, demonstrate the
typical eflects of attention upon the . Tﬁe Ns
to 4000 JIz tones (center of head) were larger in
anmplitude when those tones were attended (so0lid
lines) than when they were ignored and 1000 lz-
tones (right ear) were.attended (dotted 1ines);
This attention-related enhancement of W, was ab-

sent Jor the loud tones presented without noise.

Studies which have attempted to relate the auditory
Nl cormponent to selective attention are plotted as

8. function of their stimulus intensities (db €L, unless

otherwise noted) and mean interstimulus intervals (ISI)

_ used.4 To the left of the dotted line is an "atten-

tion zone" of shorter ISI's and fainter stimuli where
selective listeniﬁg produced a significant Nl modula-
tion (given in % enhanéement) with attention, To the
right of this roughly-placed line, nonésigniiicant

(1.8.) effects on Nl wvere the rule.
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