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Abstract
An investigation was performed on the relationship
between the focus of auditory attention and the "slow wave"

/

‘(90 to 180 milliseconds) of the human cortical evoked¥res-
ponse. o '
«‘Thelgeneral érbusal level of the subjects was con-
-trolled and physically identical stimuli Were used. Attenf:
tion was vafied by instructions and by making Somekstimulf‘
more impoftant than others.

Two basic experimental‘COnditions were used. Single
clicks were presented succeSsively.in either a random
left éér—right ear sequence or in aﬁaltefnaéing‘left.ean—
right ear sequence. Elect;onigallyaveraQEd éortical
- evoked responses were obtaihed_separately*for left and
right ear cliégs. Ten adult méL@_subjects;were;USedufqr
both conditions. Fourtéen additionalAadulﬁmale subjects
were used in a partial repiicatiohibf*the original study.

The subjects demonstrated Significantly‘greétér‘éVORQ&
;respdpses to the su%?ectively-more important_stimul%ﬂ i.e.

the stimuli heard in the ear to which they were to atteng,

-during the'alternating stimulus conditions. Random stimu=

lus conditions did not exhibit similar significant differ-




ences..

‘The following conclusions may be warranted on the

basis of the findings: |

(1) Subjects cannot selectively attend to only one ear at

Fe

a time. - | | /

(2),Either‘general‘COrﬁical’occlusionzQrwmiddle edar muscle

.

contraction.affect the siéé Oof the "slow wave." Both

factorsprobably_operate_as the amount of the reduction

¢

appears to be greater than the reduction reported for the

N TS | : N
middle ear muscles alone. ' "

- e
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Abstract

-‘v “‘&

- An inveStigation was performed on the relationship

& v

betweenaﬂhe focus of audltory attention and the "slow wave"

(90 to 180 mllllseconds) of the/human cortical evoked res—

ponse.

The general arousal level of the subjects was con-

trolled and physically identical stimuli were used. Atten-

!

L O

tion was varied by instructions and by making some stimuli

-

more important than others.

‘Two basic experimental conditions were used. Single

clicks were presented successively in either a random

left ear-right ear sequence Or in an alternating left ear-

right ear sequencé. Electronically averaged cortical
evoked responses were obtained separately for left and
fight'ear clicks}' Ten adult male;éubjects were used for
both conditions. E@grteen additional adult male subjects

were used in a partial replication of the original study.

The subjects demonsﬁrated significantly greater evoked

responses to the sub%ectively more important stimuli, i.e.

the stimuli heard in the ear to which they were to attend,

i

during the alternating stimulus conditions. Random stimu-

lus conditions did not exhibit similar éignificant differ-

-7
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ences.

“The following conclusions may'be Warranted'on the -
-' o /}. - |
basis of the findings:

(i) Subjects’ cannot selectively attend to only one ear at

a time.
(2) Either general cortical occlusion of middle ear musdle

contraction affect the sizq;of the "slow wave." Both
. ! » ) C ’

factors probably operate as the amount of the reduction

L |

appears to be greater than the reduction reported for the

middle ear muscles alone.
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seénse organ, a sensory nerve, a point on the sensory path-

distraction upon the size of the evoked response. . Research

has been performed with animal and human subjects: dis-

Ll955); using cats as subjects, showed that there was a re-

duction in the cochlear nucléus evoked pdtentials in res;.

"the view of the cats. Other investigators have‘shown'a

similar reduction in evoked potentials when two Sensory

~ H
i
1Y - _ 3 _
Introduction ] :
‘Hsiang-Tang Chang (1959) defines the evoked potential b

£

e S g

e,

as "...the detectable eiegtrical change of any;part"of the

brain in response to deliberate stimulation of a peripheral

N

way; Or any related structure Qﬁ the sensory system."

Many investigators have shown the effects of attention and

N

tracting stimuli have been presented in both the same, as
well as different, sense modalities as theé evoked response
producing stimuli.

.'/

| P .
An early experiment (Hernandez-Peéh, Scherer, Jouvet,

ponse to clicks when a mouse in a glass jar was exposed to

r

pathways were stimulated; one with stimuli producing evoked

J

responses and the other.with'a distractiné stimulus

y Y A - ‘. ~ ’
(Hernandez-Peon, Guzman-Flores, Alcarez, and Fernandez-
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Guardiola, 1956; Gershuni;-Kozhevnikov,.Maruseva,_Avakyanp
: . . ¥
Radionova, Altman, and Sorko 1960) The reductlon 1n the

r

evoked potentlals was found as far out on the perlphery as
'the flrst sensory synapses.

| ’ vl
Palestini, Davidovich, and.Hernandez-Pedn (1959)

showed that potentials evoked Ry light flashes were reduced

.

when a mouse in a jar was introduced in the field of vision
of a cat. Similar results jwere found by Hernéndez—Peoh
(1960) using somatic stimuli'(light electrical shock and

nociceptive distracting sho@ks).
- ]
Herndndez-Pedn (1963) noted that "It is evident that’
_ 8

i sensory impulses are blocked at the lowest levels of the

3

central sensory pathways when attention 1s focussed upon a ;

stimulus of a different sensory modality. Furthermore, a
selective blocking occurs @ithin a2 given sensory pathway

when attention is focussed upon another stimulus of the
same modalitf.“ The process'of selective attention is
thought to bethe;result Oof the centritugal influenceofo
‘the brain stem~reticular~formatibn upon“the sensory trans-:

¥

mission pathways (Hernghdez—Peoh,“lQGl). . A

Palestini et al. (1959) suggested that the attended'

,,
)‘. . " ’ ‘ .
i ° . ) ' ‘Q) )
v ‘ N ' * Y
. . B -
. ’ - : R
.
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stimulus/ié never blocked and may even.?e fécilitated.
.,GalambOS, Sheatz, and ﬁernier (1956), ésihg ¢qndi£ioning
Aitechniqpes, also shOWed a facilitatidn:df the evoked res-
| Ponse when the sc1mu11 acqulred 81gn1flcah§e.f\Gerken and
Neff (1960) believed the enlarged evoked response to be
due to sensitization and not to facilitation. Another
possible explanatlon was presented by Jane, Smlrnbv, and
fJQSPer (1962) who said thatzﬁﬁdreased'alerﬁness facilita-
»ftégzéna.shérpens the cortical andrgeniéulate~evoked res-

ponses: ‘"excessive non-specific activation causes. de-
‘mcféased evoked potentials(probably dué to occlusive block-
age and possibly with the particiggtiOQ of inhibitory pro-

cesses." This approach-takes into account the animals'

general state‘of aroﬁ;al.
. 'Jbuvet (1961) implanted e;ectrodes ihfthe occipital
kicortex of 12 patienfé! Using a flagh rate of one per
;T second, he recorded blocking of tﬁe visuél evoked fesponse

with néciéeptive,'olfactory, and auditory distracting

stimuli. Mentalkmultiplication also reduced the responSé,
v ' - g - A . '

- : S CL g
but counting of the flasheés enhanced it. Hernandez-PeoOn

and Donoso (1959) usiﬁé a three-per-minute flash rate,
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.

with electrodes implanted~in the occipital. lobes, noted a

1 | 4f' ‘redﬁction of the response undey the followihg‘condiﬁions: » E
| . | — ,
'K mental arifhmetic, lively conversations,_Strong visual.
imagery; and a combinatiqn o% hunger and emotgonal excitee‘
é " ment. | £.
5 Larsson (%960) and.GgrciaeAustt (l9él)«found é posi; :
? i tive relationship bétweén thé significagce of‘clicks to a
§ subjeqt and the evoked response to those cgicks.‘ The
; ) '_startle blink was also correlated with both vériables. | s
% Garcia-Austt (1961) aned a reduction in the‘eVOked”res* |
i ponse té flashes while the subject was observing a toner
stimulus or doing méhtal calculations. Similar reéults B
g/ - - were Bbtained by Van Hof, van HofFVan Drien, Mark,'and
Rietveld (1962) and Gershuni (1957). On the other hand,
- Davis @1963) found that ”.,.atténding to clicks or count= = 77
ing them made no gross aiteration,” Geisler (l966)-also
j ' obtained negative results. HqWever,.he observed onlytthe 
% - first 40 milliseconds of the evqked response whoéelshort
; 'ilatency abpeared'to bé‘highly resistant to change (Larsson,
i 11960) . - -
z A cohfi;matory;study by Morlock (1963) at the Walter
; » o, ' " _ e - *"\
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Reed Laboratory used modern computer averaging;techniques_ s
to carry out a systematic exploration of the attention con-

tinuum. A series of sqﬁareewave.clicks, at a rate of one

per 1.6 sécbnds;:wefe presénted to five subjects.' The‘ . >
\ clicks.were one millisécond long and approximatély'60 db,_
above auditorythreshoid. Four'tasks, scaled by' the dem;hd‘
\dn'the sehsory attention of the subjec€§: were used: (1)
'Qa vigilance task.in which the subjects werev£o detect

slight changes in the amplitude of the clicks, (2)-a task

"~ in which theAQubjects were to blank théir.minds to all
thoughts,_(3) counting without regard to the'clicks, and -
(4) a mental addition task with self-generated nﬁmbérs,

Analysis was made of the evoked res?onse recordéd frdﬁ
Ehe’vertex (Cz) since this'locatioh gives the‘most.reli-
able waveférms and the greatest amplitudes. The component-_K
of the evoked response, most sensitive to maﬂipulation
(Fig. 1), wés the.slow.wave component, described by Davis,
Davis,Loomis,‘ﬁarvey, and Hobart, (1939) and Van Hof, et

al. (1962), whose péak to peak latencies, from the time of

the click, were 90-milliseonds negative to 180-milli-

secbnds'positive (Fig. 2 and Fig. 3){ An earlier positive




o B \\- ' _8 _
component (40-60-millisecqnds), which was not seen in all
subjects, did not vary between the four attention condi-

i . “/

tions.
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The slow-wave evoked response during

four tasks “ , -
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Fig. 2

Averagedgevoked'pesponSés during

14

four tasks
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The pfesent study was degignéd t¢ investigate the
.effectof directed.aural/gttention upon the coftiéai evok;d
reépohse in man, with spetial referéncefo'the‘selective
4attention mechénism;within.the"auditory modaliﬁy. In

this invesfigation the effécts of a;ousal, noted by Jane,
et al. (1962) were eliminétgdby presenting both relevant

and irrelevant, i.gjp atténded and ignored, stimuli in

such a manner that an increase in general arousal level

!
\

wduld affect the size of the evoked respoﬁSés/to both
tYpes'of stiﬁuli. As an additional control of théfimpor_
’ténce of the stimuli, paftlof the subjects were given fi-
nancial and "knowledge of results" incenti&gs.,

The subjects listened to ciicig which were presented
every l.5-seconds. The clicks were presented, in either
én alternating or a randonlsequence, to the left and right

‘ eérs.' The subjects were told to)gay attentionuto the

clicks on one side only and\ii/}égiie the clicks on the
~other side. Their task was to detect infrequent, slight
amplitude deérements which.ocqurred only in the attended

ear.

: The study-was partially replicated to verify the

i

results.
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Procedures 

A total of ten adultmélecollege students were used
as subjects.  Thé Subjects were divided randomly ihto‘two
groﬁps of fiVe. One gro&% was assigned toﬂa "payoffﬁ and
"knowledge of results" éondition and the other.to a "no
payoff" and "no knowledge of results".l Each subject was
tested individually on two separateydays,’at leaét a week
apart. Stimuli,vin'the form of briéf (i-millisecond,
square wave) clicks were presented in a random left-right
“sequenqegon'the first day and in a reqularly alternating‘
-.left;right seéquence on the second day. The clicks were
approximately 60 decibels above auditory threshold and
l.5-seconds apart. Sixteen trials of 220 clicks ¢ach were
_présented to thé subjects at each sitting. Either one,
two, or £hree critical stimuli Were raﬁdomly distributed
thgoughout each 5.5-minute trial and presented dnly in the
attended ear. There‘were two minutes between trials and a -

.

ten minute break after the eighth trial. With the ninth

trial, "payoff" conditions for correct detections of the

1. All subjects received $5.00 for each day s testing.
The payoff group, however, won $.15 for each correct res-
ponse and lost §.15 for each missed stimulus. A running
balance was rélayed to.the subjects after each trial
through his headphones. -
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critical stimul; were'applied+to the payiff group. "ﬂhus,
during the first half of both déys' testing, neither "pay-
off" nor "knowledgé of results" were present."ﬁuring tﬁe
second half of each day, five of the szjects Were'paid and
told following<eéch trial, how they had performed on the
task.

- Preliminary instructibns (AppehdiXaA) were given to

L.

the subjects by means of a tape recorder-.while the elec-

“°

* trodes were being applied. The instructions were designed

‘to familiarize the subjects with the procedure of elec-

trode application and to insure that the subjects would be

able to relax during the experiment. After the elec-

/ ~~ .
*trodes were applied, the subjects were led into the shield-

{

ed recording cage and seated in a comfortably upholstered
wooden arm chdir. The electrodes were plugged into the

.
jack box, a response microswitch placed in the subject's

.4

hand, and headphones placed over his ears. The lights in LN

the cage were then turned off and the subjects left alone

in the cage; All further instructions (Appendix AJ were

-~

- | ;
tape recorded and played back to the subjects, at the

y .

abprOPriate times, through the headphones.

R AL Jaty

TR g

RITE




PRI T N s e

e ARE IR L
»

T S Sy

7

|

(

i T S SR R

5
3
N 7" o
FoAR
£
£
e

-18-

The subjects were then instructed (Appendix A) to

listen to all the clicks which could be heard and to men-

/

tally mark and make note of each one; i.e. to concentrate

,.'on each one. On the first day, clicks were presented in

the two ears in a random left-right'Sequence, on tﬁe

second day, in an alternating sequence (Appendix B).

At the 6utset,\each day, two control trials were

given, .each consisting of 220 stimuli. There were a total

of 110 clicks to each ear per trial. There were approxi-

) | t . ' -
mately two .minutes between the two trials. These two

trials were used to establish the initial level of the

evoked response. (Appendix B).

N

After the two control trials, the subjects wére in-

\\\
——
L4

structed (Appendix A) to press a microswitch upon hearing

a click which was slightly softer (minus 2 decibels) than

the other clicks. They were told that a signal tone would

-

appear. to the ear in which the critical "soft"clicks would
be presented and that “critical clicks would appear only in
the signalled ear. The subjects were advised ﬁhat it was
considerably easier to detect the pritical clicks if they

il

ignored the clicks in the dpposite,ear. A signal tone was

A

. s
. . -
“a . N : %
‘I
. )
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presented in the left headphone. Then, 48 clickS{were
- presented. Every fourth click was a"soft" click'ahdfthe

series of 48 clicks was repeated until the subjects were

detecting each critical stimulus and pressing their res-

ponse switch. -‘The same process was repeated for the

right ear. (Appendix B)

The maih part of the experiment was then ready to
start. A tone appeared for five seconds in the ear to
which the subjects were to attend. There was a five
second pause and then the clicks started. Two hundreé.

and twenty clicks were presented, 110 to each ear, and

1.5 seconds apart (Appendix B).

: ‘,‘N’:
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3 Apparatus
A simple, conveniéntmethod.ofJérogramming the presen-
tation of the stimuli and of'énaiyzing the evoked responsef
was needed..

A Packard~Bell PB 250 digital éomputer was ﬁsed to
punch a series of hole; in a‘paper tape. The paper tape
accommodated six channels (holes) of control information
across its width. The holes in channel oné Were used to
tufn thé signal tone on and off. Channels two énd thgée
directed the stimuli #o the right or left éar, and the EEG
to inputs 1 or 2, respectively, of thé analyzing computer.
The numbér of holes in channels two and three were equal-
ized for the first 200 holes in a trial so as to produce -
an equal numbef (100) of richt and left ear clicks in each
trial. The last 20 holes were not equalized since the
res;onsés to these clicks Qere“not analyzed; during this
time and the subsequent tWo minutes (inter-trial-interval),
the averaged evoked rgspgnses accunulated in the analyzing
meputer were written out. Channel four,triggefed the

click. Channel five controlled the insertion of a vol-

tage divider in the headphone;circuit which produced the

4

P
5
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critical "soft" click. Channel six was not used.

During'an.experimeﬁtal session, the master‘(papér)
cbntrol tape was "read" and advanced every 0.5-seconds by
Ca Friden SP-2 high speed tape reader. The presence or ab-
sence of holes in the paper tape determined whether a click f
was presented, the duration of the inter-stimulus intervai}
the presentation of the tone signal, the presentatioﬁ of
the critical stimuli, andnthe duration of the inter-trial
interval.

The reader contacts on the Friden.dévice were con-
nected to a series of relays. Foringer Type 1552 Bis-
table Rélays’were used aé the primary branches of the
relay "control" tree. These in turn controlled the Forf
inger Type 1184 DPDT Relays which directly activated the
stimulus presentation devices and the switching of the EﬁG;

The EEGC was récorded monopolarly from vertex (C,) and
mastoid electrodes. Two ground electrodes were used, one
on the deft and one on thegright earlobe. Grass 1/4"

EEG electrodes were used. _Two_cascaded (connected”in

series) Tektronix FM 122 DC amplifiers were used to bring

the EEG-signal level up to the-th~or ﬁ ,ee volts ‘needed

Pand
IS

P
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for computer analysis.

' The subject's EEG was monitored with a Tektronix 360

- Monitoring Oscilloscope. When a click was presented to the

right ear, the output of the Tektronix amplifiers was‘éiéw,

L)

 ~ rected into channel one of the analyzing computer. The #H

EEG response to a left ear click was directed into channel

two of the analyzing‘gomputer.

&
;:’q-,-—.ui,_‘;-d"" . \‘_“J

Stimulus presentation, the swéép of the analyzing
computer, and the sweep of the monitorinb oécilloscope-
were also controlled by holes in the paper.tape. When a‘
hole appeared in Channel 4, which represénted a cl%ck, a
Tektronix 162 Waveform.Generator‘was triggered by a 45
volt negative pulse. The waveform generator put out a
negative-sawtooth (0.5 seconds dura;ion). m;his‘sawtooth
triggered two Type 161 ?ektronix Pulse Generators. One

. ),,

of the pulse generators éﬁpplied a one-millisecond nega-

:

tive_pulsg to synchronize the computer. The other pulse
generator supplied a one-millisecond positive pulse which
was amﬁlified"by an Eico HF-86 Audio Amplifier. The out-

B . |
put of theAamplifier (click) was shunted to the proper side

of a pair of Live Tone Stereo Headphones by other relays. .
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The Friden Tape Reader was advanced every 0.5-second
by a Grayson Stadler Model EllbOH Interval Timer. The
éignal tone was generatea by a Hewlett-Packard Model
202C Low Frequéncy Osciliator at lOOO-cps._

The analyzing computer, which was used "on-line",

‘'was a CAT Médel 400B. This is a Computer of Average Tran-
sients. It was set so as to suﬁ and take avérages of -
200,0.5. second periods-of the EEG immediately following'a
click. One hundred click responses were summed separately
for each ear ih a different channel of the CAT. Each 0.5-

second period was divided into 200 equal parts. Each
N > . ,

.7

part was 255-millise¢onds ;ong.‘ The EEG volfggegxcanQé?Rt
ed to digital form, for each separate time interval was
© stored in the memory of the CAT. The evoked response,

which has a constant\latency, was built up in the memory.
Thé.béckground EEG, being random in character, was

ol averaged out. The result, the eVoked responses, was
plotted on paper usiné an X - Y plottef." It could also be
obsérved'on the oscilloscope sCreen of theCAT. The size
and shape of‘the evoked respon§eé was then measured di-

| /recély from the X - Y pleﬂs. The CAT memory was "dumped"

;o




24~
after each write out and the evoked responses from the
next trial entered.

Foringer Type 1704 counters were used to record the

number of responses, the number of critical stimuli, and

the number of correct responses in each trial. A Wollen-
sak magnetic tape recorder'was uééd to give instructions
to the subjedts and to give the subjects knowledge of

results.
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Results ,_ o w\\~¥

Artypical example Qf the.effects of instructions on
the evoked response is presented in Fig. 4. Thé ﬁaveragéd"_
electrical activify for 500-milliseconds aftér the click
is shown. .The'méaéuréd difference between the first nega-;
tive peak (90 milliseconds after the’click) and the secdnd
positive peak (180 ﬁillisecondsafter the click) "slow waQe"
was investigated. The click was presented at the start of
the picturedresponse. The responses shown in Fig. 4 were
- those of a single subject to the alterhating stimulus
sequence. 9n thé top line are the responses from a control

| |

.Frial in wh&ch the subject was instructed 'to attend to both
the left and the right ear clicks. 'The°peak to peak
amplitudes of the "slow waves" are approximately equal.
- The respdnses on the middle line are the result of in-
structions;,on the first experimental trial, to atﬁend to
the left-ear clicks and to ignggejthe right-ear clicks.
The response to the ignored right ear stimuli is consider-
abiy.smalier than that to the attended ear. In the second

eXperimental trial the subject was told to attend to the

=

_cligké in his right ear (bottom line).--Here,ﬁthefignored
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ear response has almost disappeared.
The number of trials on which the "slow wave" r;sponse
) to the attended ear stimuli was greater‘than the "slow wave"

response to the ignored ear stimuli was determined for each

subject. This number will be referred to as AYI. The re-

sults are summarized in Table I. o
9
A X was calculated to test the difference between

the number A»I, obtained during the random stimulus sequence

: *
-frials, and 8, the theoretical chance number. A significant

| Xa (23.00, dfﬁlO) was found. Instructions to attend to
the left ear or the right ear during the random stimulus.

presentation sequence inhibited the evoked response to the

!

stimuli heard in the attended ear.

A similar X-test was performed for the alternating

!

stimulus presentation sequence. In this case as well, a

| 2 |
siqpificant*yx (47.75, df=10) resulted but the difference

was $nfthe opposite direction. Instructions to attend to

¥ ! R

| A. * .05 level of significance

o o
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Table I L\gp

The number of trials in which the attended-ear evoked
response was greater than the ignored-ear evoked response. . |
(A>T)

Stimulus Sequence
Random | Alternating , :
8 - ‘ 10 i
12 ij
16 i
12
9 o !
16 o |
11 : I
11 :

Subject

6
6
.8 _ 10.9

=
)

NMINONDODULO W

‘Mean
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tﬁe léft or right-ear during the alternéting stimuius pres-
entation sequence inhibited the evoked response to the
stimulus heard in the ignored ear. | |

Eight of the ten subjects showed a shift in the in-

hibition of the stimulus from the attended to the ignored

ear when the stimulus sequence changed from random to al-

ternating.
AN -

Figure 5 1is a graph of the number of subjects showing

——

the attended-ear evoked response greater than the ignored-

ear evoked response as a function of trial number and type

-

of stimulus presentation. More subjects showed the effect

h'$

of attentibn‘during the middle of the experimental session
than during the beginning OE the end of the éession. The

subjects seem to require several trials to learn the task

and appear to fatigue at the end of the session. The

latter idea is supported by the "recovery" of most subjects
ks
arfter the ten minute break at the end of the eighth trial.
Payoff and knowledge of results, used to increase the

-~

subject's motivation, had no significant effect on the

number A>T during the last eight trials. The mean number

API for the random stimulus presentation paid group was
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Fig. 5
The number of subjects showing an attended-ear

evoked response which is greater than the

ignored-ear evoked response by trial and type

of stimulus presentation sequence
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2.6; the mean number A>I for the unpaid group was 'also 2.6.
During the alternating stimulus sequence the mean number
AD>I of the paid group (4,6; was closer to the_theoretical
chance ﬁﬁﬁ;er (4) than was that of the}unpaid group (6.8)
(Table II). :
| ) | - | ‘ .

A Spearman Rank Correlation Coefficient was used as a
measure of the relationship_between the following variables:
(1) errors of ommission during the random stimulus sequence
and the.number.A>I (rho=.05); (2) errors of ommission dur -
ing the alternating stimulus seéﬁence and the number A7I
(rho=.49); (3) errors of commission during the random stim-
ulus sequence and the number AYI (rho#.38); (4) errors of
commission durifig the alternatinc stimulus sequence and the
number A DI (fho:.54) None of the coefficients obtained
were significantly different from 0.00{Table P, McNemar).l

Neither the numbefvof errors of ommission nor the num-

Ay

~~-~7~‘m¢- . . . * ~ 3 ,
ber of errors of commission changed significantly as a
result of differences in the stimulus presentation sequence.

- The number of errors of ommission changed from 74 (random)

-~ to 77‘(alternating), The number of errors of commission

* .05 level of significance
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Table II

|
!'
[

£

' The number of trials in which the attended-ear evoked

response was greater than the ipnored-ear evoked response

for the last eight trials during conditions of varied

Qlﬂ\

incentive. (A}I)

Not Paid r Stimulus Sequence |
Subject ______Random Alternating
2 6 |

U bH W

DWW W N W

8
8
6
6
6.

Mean 8

) r/a-"r(-’k\‘(

Paid Stimulus Sequence
Subject . Random ' Alternating
6 3 8

10

Mean

O
Niw D~ o
Ao w v o,
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changed from 219 (random) to 137 (alterpatigg). ‘A sign-

test was calculated for both changes; neither change was

~
R

significant*,.

" The difference between the number of errors of ommis-—-

sion on the last etéht trials for the paid grdup and-for
the unpaid group during either stimulus sequence was tested
with the @§nn—Nhitney U test. Neither difference was signi-
_ ficant* U=0.77 alternating; U=O.62 random. Payoff and know
ledge of results had no significant* effect during the last
eight triais on the number of errors of commission during

4

the random and alternating stimulus sequence (U=0.55 and
. .

”ﬁfigzl.oo respectively) .

There were two major reasons toi performing'a partial
replication of théwstudy. The first was a desire to ver-
ify the finding of a greater response from ;ﬁeignored-ear
clicks during the random stimulus sequence as this finding
was contrary to those found in the literature. The second
reason wasgto check on the pbssibility'that the reversal
in the'size of the responsé% to the attendéd ear, when the.

| ]L stimulus sequence was'changedfrom randonlto_alternating,

was the result of all subJetto belng exposed to the random

*,05 level Of significance
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JCutive days. The proportion of the number of trials in

236~
condifions“prior €0 exposure to the alternating conditions.
* - | - , \ \

Accordingly, three additional subjects were teSt%& on

the random stimulus presentation sequence for two conse-

which the attended-ear evoked response was greater than

the ignored-ear evoked response divided‘by the number of
trials (16) was cdmputedffor these subjects. Ohe subjéct
ha§ a prbportion A»I/16 équal to .75 on the first;day
and .44 on the second day. The change in the proportions
from the first to the second testing is opposite to a
hypothesis of the existence of significant sequential

\’_ .
effects. The second subject exhibited almost no change

in the proportion A)I/16 (.44 the first day and .50 the

second day) and the third subject chgngéd against the
sequence hypothesis 1.79 the first day, .67 ﬁhe second day) .
Thus, the test results bf the thrée additional subjects
tend to negate the pdssibility Of an experimental condi-
tion sequence effect;

A varying number of trials were presentédlto each of

. \. _ ‘
nine additional subjects using the random stimulus sequence

"presentation (Table III). These nine subjects were tested

¢

“\
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Table III

, The results of the partial replication:

the number of

\\
Alternating Stimulus Sedquence
Subjects Number of Trials A>T
1 | 4 3
2 16 11
3 21 19
4 ~10 7
5 * 12 9
- 63 49
A)I/63=.78
Random Stimulus sSequence
Subjects Number of Trials A>T
1 3 N 2
2 -9 e 6
3 5 3
4 W 15 7
5 5 2
& 16 5
7 32 19
8 32 15
9 23 17
Total - 140 76

AXI/140=.54

-«
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)
- ¢

on a total‘of 140 trials of which 76 showed the attended -

ear evoked response to be larger. The]proportion.A>i/l4O
(.54) is very c%oseto the theotetical chance proportion-‘
(.50) . The dataafor'these nine subjects, then dd\not con-
firm the results obtained from the ten Ooriginal subjects
during random stimulusmconditions;

A varying number of triais (%able IIT) Were'presented
to each of five subjects using the alternating stimulus
sequence presentation. On 49 of the 63 trials the attend-
ed eéar evoked response was greater than the ignored ear
evoked response; Tnexnumber.A>¢=4§ was signifieantly*w
greater than the theoretical chance number A>I (31.5)
(X2=21.6l, df=5) .

The partial replication yielded results which were in
accord with the original experimental results for the alter-
nating stimulus sequence presentation. Ho;ever, repeating
the random sequence of stimuli tq)a'new group of suﬁjects'

resulted in only chance differences between. the attended

o ) ) .\/
and ignored stimulus evoked resnonses. There was, then, a

- failure to’replicate, using the same equipment, laboratory,:

i
personnel, subjept,population, etc., the results of the.

*\w | “ a

original‘experiment.during the random stimulus sequence

*.05 level of significance

!
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presentation. ToO repeat, thefe"was a successful replication
of the results of the alternating stimulus sequence pre-

sentation condition of the original experiment.
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the "focus of attention." The manipuiation of the rele-
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Discussion and Summary

The present study was pérformed in order to determine

/

whether there was a relationship between the amplitude of

the "slow wave" of the cortical evoked response in man and ﬂ

/ .
van¢ge~i.e. importance, of "click" stimuli demonstrated
such a relationship.

Morlock (1963) indicated that the amplitude of the

evoked potential is a .positive function of the relevance

of the stimuli to the subject's task. The evoked potential

. )ﬁ
was at its lowest amplitude when the stimuli were totally

irrelevant to the task. The amplitude of the evoked re-

sponse incansed as the stimuli became more relevant and

was greatest when the task involved the stimuli themselves.

Morlock's finding is consistent:with the results of other

[¢)

-

investigators although the concept of relevance is not

< I

usually introduced by others. Thus, two stimuli which are
physically identical could trigger different evoked re-
sponses i.f one were made relevant and the other not.

The results from the alternating presentation of stim-

-uli in the present investigation seem to support the

hypothesized effects of stimulus relevance. The results

¥
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from the random presentation however, shoWed’nd changes
due to directed attention;. It isqthouéht that the failure
to replicate the findings under conditibhé of random pre-
senta£ion in the main study together with the fact that
these‘results are éontrary to the results of bther investi-
gators is an indication of no difference in the evoked

response to attended and ignored stimuli when the stimuli

,/"‘
\

/

are preéented_in a random sequence.

The available }iterafure sﬁggests three possible mech-
anisms which might have affected the present %indings.
The first of these involves Hernghdez-Peék's concept of
selective attention within thé auditory modality. He
states that "...a selective blocking occurs within a
given sensory pathway when aétention is focussed upon
another stimulus of the same modality." The evoked péten-
tial to aﬁtended-ear stimuli shouid have been higher
during either sequence 1f selective blocking did operate
within the éuditory sense modality. However, a seléctive

attention mechanism fails to account for similar ignored

‘and attended-ear evoked responses in the "random" case.

The cortical evoked response is the result of the

)

. w";’
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recruitment of cortical neurons in a massive rhythmic dis-
charge triggered by shoft, high_intensity stimﬁlation;
The second possible mechanism is a process which occurs
when the éoftical response is reduced by thg'involvement

| _/
of cortical neurons in other activities.. This is called
occlusion. It is pbssible'to account for the."alternating"
and "random" sequence resﬁlts“With an occlusion explana-
tion. The assumption is made that the subjects have
"fallen into" the rhythm of one relevant stimulus evéry
third second. During the period between releﬁant stimuli
the subjects may direct their thoughts and attention to
anything but the irrelevant stimulus. Thus, when the
relevant attended-ear click, about Which they must make
a judgement, is presented, the subjects are "ready" for
it and a massive cortical dischérge.occﬁrs, When ana<£
Irrelevant click occurs the discharge is reduced because
(1) the subject pays no attention t§ the click or (2)
he concentréte§ on other matters.._As-a consequence, the
click input is cortically occluded. i

"The third:méchanism may be one that was suggested by

Galambos and Rupert (1959). These investigators féported

;
4 —n

!
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- | y | |
that the musculature of the middle ear may contract and

thus reduce the sensory input to the cortex by mechanical

attenuation. In the present study, there would haVe had

to have been a rhythmic contraction of the middle ear
Y4 | | |
muscles synchronized with the irrelevant, ignored stimuli. -
/
Here, as in the occlusion hypothesis, every stimulus in

( , 7
‘the random trials may be relevant and the subjects must
attend actively to each‘One. Such activity on the part of
the subjects would result in equal "attended" and "“ig-
25
‘nored" evoked responses. '

No significant relationship could be demonstrated

between the size of the evoked response and performance on
o | |

h Voo

the vigilance task. This, however, does not mean that no
such relationship exists. It may be possible by the exam-
ination of the single, and not the 100 averaged, responses
just prior to an efror of ommission or a correct response
4 B to s%ow such a relationship.
It was also impossible to demonstrate the usual

- @ffects of increased motivation upon pérformance as well’

as upon the rélative sizes of the evoked responses. This

failure may have been due to any-or all of the following

. ‘




v’%‘%‘yﬁ:’\:ﬁfﬁ“’ T T T g e e |

g : [
i)
‘ . —44- .
—reasons; (1) A small number, 5, of subjects were tested
. in both.the "paid" and "nonpaid" groups; (2) the subjects' ks
were all advanced undergraduéte or graduate students and | o
appeared to be highly motivated and interested at the ;E
start; or (3) the difference between.the.standard and
ji/ﬂ critical stimﬁli was too large thﬁs nﬁking the task |

very easy.
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Tape recorded instructions to subject

During attachment of electrodes:

| This experimeht.will take about two gburs;. We will
now attach four electrodes to you. These will be used to
record the small electric currents present on the top of
your scalp. There is abéolutely no chance of YOur receiv-
ing a shock of any kind from these electrodes and, at the
end of the experiment, they will be easily removed.

There will be one eléctrode attached to the top of
your head; one to each ear and one just below the left
eari When we are finished applying the electrodes, you
will be brought into our special.recording room and the
electrode wires will be connected to our recording equip-
ment. We wilf“then place a pair of earphones on your head

1

and the door will be shut and thé”lights turned out.

*We want you to sit as comfortably as possible and to

re lax w itby__quir eygS_,S_hutWhil& _____ inthe_reeeréing “OOM.

After a few minutes, you will hear clicks through the head-

phones. We waﬁt you to pay attention to each one. Con- | /m

p
o
¢

centrate on<f%aring them. They will last for several min-
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utes. There will be a break ana they will stért once more.
Aéain, listen‘to.each-ohe carefully,. concentrating on
every click.
At the end of‘thié second period of'c1icks,‘there Qill
| bé a'short pause. Then you will hear a series of«clické
in only one ear. There will be thrge regular clicks, which
are the same as.the énes you've heard before, and then a
special one. This special click will be slightly softer
than thekothers. Whenever you hear this one, from that
;oint on in the exPeriment, please press the buttbn which
you will be holding in your hand. The series will repeat
several times so that you can become'familiar»with it.
That is, three regular, one special, three regular, one
;fpecial, and sO on. The click will then be switched to

~~the other ear. Again,'the same series will be repeated.

Press the button only when you hear the soft click and

\

\ >
at no other time. It is very sensitive so do not rest

your thumb on top ofito@iWe will think that you are -
hearing the special click all the time. Press it just

once for each'spécial click and then take your thumb

off it.
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At this point, after having presented two sessions of

~

‘clicks in which you paid attention to all the clicks, and
a sessign in which you were shown what the special clicks
séund like, we wili get down to thé main business of the
experi&ént. (repeat twice to * and finish ~——-and give
you further instructions?then;---)
After control and practice trials:

You will ﬁow hear clicks, one at a time in either ear.
They will not be in aﬁy order so that you may hear, for
example, four or five'clicks in the left ear before hear-
ing one in the right Or several in ‘the right béforéhear—

ing one in the left. 4

Before each session, you will hear a tone on just one

"side. The tone will signal you to listen for the special

clicks on that side only. The special clicks will come

o only into the ear for which the tone has signalled you to

listen. We want yoﬁ&to try to block out the souhd of the
clicks from the opposite ear. Do this by coneentrating

only on the clicks from the ear with the tone. 'Press the

‘button'only\when you hear the special click. Please try

.- fo stay relaxed and to keep yoﬁr eyes closed. There will

%7This sentence was deleted when an alternating presenta-
tion was given. |
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be a break about an hour ‘from now and -you will be able to
walk around a bit, smoke or have a drink of waéer.'
(repeat once)
.After break at end of‘eight trials:

| We will now give you a chance to earn some extra money
today. Please do not have any qualme about taking it as
it is coming from the Army grant which is financing this Y
experiment. .

*You new have five dollars and may make more by press-
ing the button when you hear the special click. Each
correct press will.be worth fifteen centsgi However, you
will lose fifteen cents for each incorrect press of the

buttoﬁ. The sessions will be the same as before the break.

j\
£y

Try to stay relaxed with your efes closed.

You will be able to improve your earnings by concen-
F;ating only en the ear which the tone has»signalled you
te listen“to and by blotting out the clicks from the oppo -
site ear. '

We will tell you how you are doing after each session

and how much money you have earned. If you feel that_You

L do not want to go on and make some more money, you may
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leave now with the five dollars you have already earned.

e

, -~ (repeat once to *) o .
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Appendix B
‘Table IV o s

Stimuli preSentation sequence, Day h, Réndom
I Control trial 1 - . |  &

J

Control tf{;l 2 o

; |
IT Demonstration of c¢ritical stimuli: 48 left ear, 48

right ear, 12
critical stimuli
in each ear every
fourth click

III _Trial Attend # of critical stimuli
- L (l%ft) or- *
R(right)

HwHEH w9 e

O RS IR N BN Y R

10 minute break

11
12
13
14
15
16
1
18

&

BEww e w
&
W WM RN




Stimuli presentation sequence, Day 2,

Appendix B cont.
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Table Vv

I Control trial 1

Cbhtrol‘trial 2
- {

II Demonstration of critical stimuli:

. III Trial

21
23
24
25
26
27
28

10 minute break

31
32
33
34
N 35
36
3
38

L

r

Attend
(left) or
R (right)

i

I S A R

W ww B

Alternating

{

48 left ear, 48
right ear, 12 cri-
tical stimuli in
each ear every
fourth click

Oof critical stimuli

W ww w

WIN WA PN R R




Appendix C
Table VI ~
Sﬁmmary‘of Data: Random Stimulus Presentation Sequence

An attended-ear response greater than an ignored-ear response is designated by

"A", An ignored-ear response greater than an attended-ear response is denoted by
"I". ©No difference in the responses is denoted by "O". Subjects 1,2,3,4, and 5
were not paid or given knowledge of results. Subjects 6, 7, 8, 9, and 10 were paid
and given knowledge of results. |

Trials |
prop.
Subjects l 2 3456 78 9 10 11 12 13 14 15 16 #A 4T A%1/16
1 AAAATITIAA I I I I A A I I 8 8 .50
2 I T IIITIAA I T I I A A I A 5 11 .31
3 AAAATIIOTI I T I A I A I I 6 9 .38
4 A I TAIIITI~ I I A I I I A A 5 11 . .31
5 I I I T IATIT I I T A A I I A 4 12 .25 -
H#HA 32230122 00 1 2 3 3 1 3 28 .35 . "
6 IAAAITIAA I I I A I A 1T A 8 8 .50 -
7 ITIAIIITIA II I 1 I I A A 4 12 @ .25
8 I T IIIIATI II I I I A I .I 2 14 .12
9 IAAAAATITI . IA A I A A I I 9 7 .56
10 IAAIAIATI - OI I A I A I A 7 8 .44
HA O 3422132 Ol 1 2 1 4 1 30 3%
Total #A 356522%54 Ol 2 4 4 7 2 6 58 .36




_ | Table VII
Summary of Data: Alternating Stimulus Pfesentétion Sedquence

An attended—ear response greater than ignored-ear response is designated by "A".
An lignored-ears response greater than an attended-ear response is denoted by "I".
No difference in the responses is denoted by "O". Subjects 1,2,3,4, and 5 were
“not;paid or given knowledge of results. Subjects 6,7,8,9, and 10 were paid and
given knowledge of results.

¢
/ | Trials.
' Q : pProp.
Subjects 12345678 9 10 11 12 13 14 15 16 #A %I ADI/16 -
1 IAIIAATIA AA A A A A I O 10 5 .67 o
2 IAIIAAATI AA A A A A A A 12 4 .75 !
3 AAAAAAAARA AA A A A A A A 160 -1.00 Y
4 AIAIAAAA AI I A A A A A 12 4 .75 S
5 AIAOTITITIA AI A A A A A I 9 6 .56 )
HA 33314434 53 4 5 5 5 4 3 59 .75 | |
6 AAAAAAAR AA A A A A A A 16 0 1.00 | | <
: 7 AIAIAARMA AA A I A A I I 11-5 .69
'8 AIIAAAAR AA A A I A I I 11 5 .69 2,
9 IIIAAATITI IA I I I A A I 6 10 .38 ~
10 AIIAATIATI IIT A I A I I I 6 10 .38 .
#A 4 1 245 4 4 3 34 4 2 3 4 2 1 50 .63 |
Total #A 74559877 87 8 7 8 9 6 4 109 269 i
/
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- Table VIII

Summary of Data

Random Stimulus Presentation Sequence;

- The Number of Errors of Ommission (eo)

and 5 were not paid or given knowledge of ¥esults.

re paid and given knowledge of results.

Subjects 1,2, 3,4,

Subjects

and 10 we

6,7,8,9,

Trials

#ed

910 11 12 13 14 15 16

1 2 3 45 6'ﬁf8 #eo

1

Subjects

total'eo;

O
5

S

0 000O0O0GODO

4

100 0 0 1

0 2

111101060
11102121

Y

54~

12
11

O
O

9
3
0

O00100T1°1
00000000

34

16

2 o1

4

0
O

3 2 2 2 2 2 3 2 18

F+eo

4
O

1000010 2
13201001 8
00012130

O 00O0O0O0O00O0

10
11

1 0 0 0 O 2

1

00

7

12

o)

1 33 31100 12

10

36 5 44

40

1
1

3 3 31

3

E-J=Ye)

74

25

©6 87 6 656 5 49

TOTAL #eo




Table IX

o

67

4 g
Summary of Data: Random Stimulus Presentation Sequence, X
The Number of Errors of Commission (ec) -
Subjects 1,2,3,4, and 5 were not paid or given knowledge of results. Subjeets
6,7,8,9, and lO were pald and given knowledge of results. |
d . Trials 4

H | ¢
SubJects 1 2 3 45 6 7 8 #ec 2 10 11 12 13 14 15 16 #ec total ec
1 74 2 4 45 31 30 22 1 3 1 1 1 3 14 44 o
2 00000000 O 60 0 0 0 0 1 0 1 1 \ oL
3 - 1661115 223 32 0 2 1 0 0 Z 10 33 ) G
4 ¥ 5 119 4 3 1 2 4 39 31 1 1 1 1 1 0 9 48 _
5 10000000 1 00 0 0 0 2 0 0 2 3 ““"
fec 14 213179 8 7 107 93 85 2 6 3 4 3 5 36 129
6 00100000 1 OO0 O O O 0O o0 o - 0 ., L
7 C100000O0 1 OO0 0O O 0 O 0 o0 0 1
8 1 102 7 4 4 6 25 10 0 2 O 1 0 o 4_ 29
2 81 32820 327 62 4 3 3 0 2 1 21 48
10 , 02 002 010 5 20 1 0 0 1 2 o 6 1l |

_ S b

Hec 9544 176 5 9 59 92 5 5 3 2 4 1 31 90 i ﬁ
Total ec 23 262113 25131516152 17 7 7 11 6 7 6 219(
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24

quence
toftal eo

A
i

a=le)

ﬁ?sults. Subjects

Trials
9 10 11 12 13 14 15 16

0--& O

Table X
Alternating Stimulus Presentation Se

@ Number of Errors of Ommission (eo)

Data:
and 5 were not paid or given knowledge of

re paid and given Kknowledge Oof results.

Su;%ary of{Tﬁ}

12 3456 7 8 #eo

and 10 we

Subjects 1,2,3,4,

6,7,8,9,
Subigdts

o)

O

5
3

O2 100020
O1100001

12

S

~56-

o N W

—~ -

o o of
O O Of
O O N
O OWN
oNoNe)
— ~ O

© OO
o OO0

O I

~ 0 O
oA o
O~ 0O
N O O
M
— O O
~ ~ O
o OO

M <N

10
14
37
17

40

13
31

O 0 O 0O 0 o
4 1 4 12 3 5

01
2

O
o)
0

7
0
9

© 5362132 22
0011120 2
0000O0O0O0O
01100110 4
02100100 4
02220111
05531523 24
010893655 46

———— ey
¥

#E0
10

. Heo
Total eo




Table XI . | P

summary of data: Alternating Stimulus Presentation Sequence:
The Number of Errors of Commission (ec)

Subjects 1,2,3,4, and 5 were not paid or given knowledge Oof results. Subjects
6,7.,8,9, and 10 were paid and given knowledge of results. - o

il

Trials
Subject 1l 2 3456 78 #ec 9 10 11 12 13 14 15 16 #ec total ec
1 21013202 11 OO0 3 0 0 1 6 4 14 25
2 00000000 O 00 0 0 1 0 0 o0 1 1 .
3 00000000 O OO0 1 0 0 O 0 o0 1 1 o
4 11 5 5 6 8 2 4 8 49 00 2 0 1 0 0 1 4 53 ! 3
5 0O 0000000 O 00 0 0O 0 0 0 0 o0 ,?
#ec 136 5 7 114 4 10 60 00 6 0 2 1 6 5 20 80
6 00011211 6 OO0 0 0 1 0 0 o 1 7
7 O 0000000 O OO0 O O O O 0 0 0 0
8 01000001 2 00 0 0 2 0 0.0 2 4
9 7 321554 3 30 41 1 0 1 0 1 .0 8 38
10 31110000 6 OO0 0O 0 0 0 0 2 2 8 K
Hec 10 5 3 36 755 44 41 1 0 4 0 1 13 . 57
1 7.0 6 1 7 5 33 137

Total ec 23 1181017 11 9 15 102 4
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