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Research was conducted to investigate two géneral classes of human
i ‘attention models: Earlv-°clection models claim that attentional selec-
' " tivity precedes memory and meaning extraction mechanisms while Late- )
— . selection models. posit the reverse. This research involved two . - . . ‘
: . . components: (A) The development of simple, efficient, computer~ ‘ .
oriented methods for gengrating rigorously precise stimulys material ) .7
v required human attention'experiments, and (B) the executi n of two
experiments which employed computer-generated, stimuli, |

The first experiments examined the filtering charactqr stics of

“atténtion me icms when required to select “from either n oustically

or semantically similar, competing messages. Two competing messages

were presented dichotiéally at either a fast (2 mords/sec)|or slow J

(1 word/sec) rate. A probe technique was used to assess.r call of

attended and unattended megsages. Results showed that semantic - .
arity was¢disruptive only at slow presenéation rate, while

ef cts'of acoustic similarity did not depend on presentation rate.

These findings were interpreted as supporting an Early-sel tion

e attention, model with hferarchical filtering.

. S5 .
& Q‘“? In the second experiment»subjects performed a tone, detégtidn task
in one ear, while simultaneously mopitoring a digit, sequence presented
. in the oppositesear. Digits were recalled following presentiation, ..
. " Tonk ‘detection performance decreased ds number of digits toibe recalled , .
: ,increased. This effect was considered to:be localized in perceptnal,
Y . ~ . rather than memory, stages and was. interpreted as further sn porﬁ for

- Early-selection attehtion models. " i /
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. INTRODUCTION >
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'4 T e . : ’ n\. ' '
LS -0 ) ) LI
The research described in this final report was aimed at distinguish-
y - ifig between two general classes of attention models. The .6arly-selection g
A « ' models such as those of Broadbent (1958) and Treisman (1969) claim that
o attention focuses on the stimulus reprgsentation and* limits the amount - s
" of information availadle for later processing; thus attention serves
to gate out or attenuvate irrelevant.information théreby protectingVChe
organism from information overload. The late-gselection models such as
/ those of Norman (1969) and.Deutsch and Deutsch (1963) claim that all
stimulus information is processed so that a memory system is an integral .
part of the attention process, %®feaning is extracted from incoming signals ~

\ . ); before selection is ac;omplished. . . N

' . ¢
j* ~ Much of ‘the data.base form which thege models have been deyived have
s utili:e@ a dichotic listening task. Separate messages are predented via
earpljones to left and right ears. Sonetimés sybjects are’ required #o
repeat thie message in one ear (shadowiﬁg) ‘or sometimes only to attend
(monitor) a specified ear without vocal coding. A serious issue in
« . * dichetic stimulation concerns the ‘methods used to ‘generate dichotic
*' ' stimulus tapes. It is important that mess es.in both ears by equatéd
4 for intensity, duration and onset timeg/“Since humans are quite adept at
L auditory localization, small temporal differences in onset asynchrony
’ mny provide important ‘2ues in the' dichotic stimulation task. It is . !
. essential that such onset asynchrony be carefully controlled and Nlimited
. “to less, than ont msec. MgQst prior research has not maintziped this standard
' and a major accOmplishment of this.project has been the ddvelopment and ° ) -
,testing of a minicomputer sysfem to.generate dichotic, stimuli to these )
specifications. This system 1s Qescribed in a following method;-sect ion%

;b/J of the report. ° . . SN /

“ e . The first major model of attention was proposed by Broadbent (1958) in
- an. infiluential téxt entitled Perception-and Commupication. A later text, ,
Decision and Stress (Broadbent, 1971) discussed modifications of the meodel ]
based upon accumulated evidence especially that of Treisman and her colleagues.
Broadbent originally positeda filter mechanism which prohibited the flow
of unattended. information while passing attended information. However,
+  Broadbent's model did not remain long unchallenged. ' Gray and Wedderburn
(1960) used the dichotic listening paradipgin to present words which ‘were
divided between both channels. Thus, the left ear might be presented \,
with the syllablgs one tir three, while the right ear received ex two pate.
If a filter existed which completely rejected the unattended channel, :
.subjects should be unable to report complete words. Findings were/ﬁn~
equivocal with subjects being able to attend to both ears to report complete

./T\
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S words, even at fasg:;gesentation rates, Unless we allow the filter. to
. switch back and forth between channels at)' very high rates, the filter
{ model seems‘ggestionable. Treisman {964, 1969) has suggestbd an
- ., attenuation model-to replace the rejection model of Broadbent.\ ,Thus,
an unattended message 18 still received,but its’ intcnsity is greatly
- o Yreduted. Therefore, the information dn bhe unattended channd ‘can be
retrieved if it is* high priority (e.g., suhject § ‘name or. contexuually
‘ relevant)r

‘\ - Broadbent and Gregory (1963) conducted 4n experiment aimed at
© +distinguishing between rejection. versus attenuation ‘of the unattended
" “gchannel. Using the dichotic listening method, .digits were fed into the
e ) listener's left ear and burst of noise into his right ear. Digits were: v
: presented at a rate of 2 per sec in serieg of six-item lists. Half of ..
. the ngise bursts contained a pure tone of 1000 cps. The. observer was
required to judge if the toné hadt been present within a nojse burst .
In condition DA (divided attentien) subjects were ;equired to_first write
down the six digits before rating the presence or absentce "of the .tone,
. - In the C (control .or concentrated attention) cdnditiqn the ‘digits were
Tto be ignored. In terms of, the theory of signal detection (TSD) ‘a filter
», or blocking‘model predicts that listenef sensitivity (d!) should berun=~
changed for both conditions while a large incregse in rgceiver criterion’
(beta) should occur in -the unattended channel. lattenuation theory predicts
- a change in detectability (d'). Brpadbent and Jgegory found(condition C
o to result in greater receiver sensitivity and concluded- that Broadbent -
- eéarlier formulation was incorrect. However, there were two flaws-dn the . ‘
- "Broadbent and Gregory experiment. First, in condition DA, the report .
" on the tone was delayed until the digdts had been regalled. Paft of ,
"thte observed decrement may therefore-be due to memory loss. rather than
+ change in recpiver sensitivity. This illustrates tlie danger of tnying
. © to study attention as an isplated portion of humam behavior. Second,

¢ utilization of channel capacity to memorize the digits may interfere with
2 tone procesging -on a higher (ecg., non-sensbry) level, yielding a decrement
fa‘ despitg the total availability of the ‘tone as a sensory,gvent. A tone ‘{
detecticn experiment conducted in the pr&sent research was designed
- to remove thede difficulties \ , ,
_m//i ’ Both f{lter and attenuation models are eimilar in fhat selection occurs '

at an.parly stage of information procegsing. Both models claim that
. &attention operates oa the stimulus representatyon and limits the ‘maunt’
of information avatlable for later processing. Another clasg\of attention
“models prcposed by Deutsch'and Deutsch (1963) and Norman (¥969)-1ocates
the” selection mechanism further bagck in chain‘of processing stages.
These models permit selection only, after meaning hags been extracted from
inecoming signals. Thus a memory 9ub-system .18 an integral part of these .
late selection modeld, Now models will be compared in the context of
“a recent,experiment conducted by ‘Murray ‘and uitchcock (1969).
. o Murray and Hitchcock used a dichotic: 1istening task but rather than. s ~
haye their subjects recall an entlre string of digits, they tried to  *.
reduce memory load by using a probe technique., Five pairs of digits.wexe

A % Lmy
. : " b 7' . - ' é
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. .
y . \_"'pre9ented dichotically a&'rat%b.of either one or two- pairs per second. .

Following the,iist presentation, ‘one of the digits from one of the two
lists was repeategd (probe digit) aid the sybject was instructed’ to recall
the digit that had followed the grobe digit Mn the same egr. Each ear
was tested with equal probability so that on half the»triaisran-unattended
message was probed (tested). The other independent variable '6f interest
- . was type of coding for the shadowed message. In the NC (not~-code)
. . condition, subjucts voiced the word "thé" as each pair arrivéd; this was
aired at preveunting subvocal rehearsal. In the SC (silent-code) condition
.bubjects.were to shadGw one ear by saying the digits silently to himself.
) Finally, in the G (mouth-code) condition subjects silently articulated *
the digits with observable oral movements. . '
- . \ N
Results showed probe recall for uncoded messages to be unaffected by
the type of coding used for the other message, Coded messages were recalled
better than uncoded messages. When serial position probed (positions 2-5)
is varied, primacy and recency effects were less pronounced for the fast
‘ : presentation as compared to the slow rate although there was no difference 11
. s in overall recall score for the two ratess Two ancillary experiments
. gshowed recall to improve when subjects were informed in advance which of
~ the two messaggs would be probed; when subjects were required to copy
! the unprobed messages with gar being probed known in advance, recall of

thﬁ proBed message was peor. ” P Yoo \7
+ \ * > . N

- .o

Murray and Hitchcock interpretéa their findings as %hpporting an
auditory storage system, called echoic memory with the duration of this

.« X > »
\ sensQry memory trace being.directly depehdent upon the attention paid to v

\ the incoming stimulus material, Making .a verbal response, however, as -
X - with the dichotic messages, prevents §'from responding to the uncoded lists.

Murray and Hitchcock argue that’ this is further demonstrated by comparing

- the results of’ the main. experiment with those of «the first subsidiary

experiment where 55 knew in adigmce which message would be tested, Here S

“ could totally ignore the other message, and hete-recall 'of the coded message.
ﬁ naximal,’ Subvocal.coding is therefore not enough to ensure maximal

Yecall, . ‘

F

! te
" e R The possibility’ remains, however,.that the poorer recall in the main
experiment as compared % the "know in advafice experiment is a result of
— Ss trying to switch attention. Murray and Hitchcock argue against this
) possibility by presenting data on the number of intrusions (digit wecalled
(S r —* from Wrong ear). from the uncoded into the coded lists, for the main and
', the "know in advédnce' experiments, The number gf intrusions is small,
' For gllent code (SC), mouth code (MC), and "know in advance conditions,
there were more intrusions for the fast rate than for the' §low rate,

~ ' although ne statistical test is reported, ~These results may be a result
. of a difference in coding efficiency for fagt as opposed to slow~rates

, depending upon rehearsal strategies, as suggested by Murtray and Hitchcock,
v This interpretation is“given support by the presence gf a significant rate

- . x serial position interaction. Further, by inspectiot¥ of Myrray and -
o, ) 'Hitﬁijock s data it may be seen that pteater differences’ (as a function.

~,

-

of rjte) in number of intrusions octurred at-serial’position 5 than at

oth positions., Therefore, it appears that a greater number of errors.,

e 4 ..1. L \ N . a 3 '
v . ’ - 3
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at thae, fost rate. ] . -
. — .

One pssivle explanation cf this might be to argue that coding affects
not perception, -but memory, by ensuriag.a-more permanent trace, If a decay IR
hypothesis for the. echoic memory,trace is assumed, then the trace should
be "stronger" (in some sense) for more recently prcsented material. There-
fore, a coded as opposed to an uncodcd item should be recalled better,
and the difference in recall for coded as opposed to uncoded items should
increase .gs.recall is'tested from more receat or less recent items. Furt‘er, ..
since the probe digit followed the final pair of a listafter the same - . ‘
period of time as the inter-pa¥r interyal (i.e., one 'second for slow rate
and a half second for the fas t'rate),'at~fast presentation rates the .
Yechoic" or tricc would be strongeror less decayed when the probe was |
presented than for the slow rate. In summary, this argument holds that the
intrusions represent an interference between verbal short-term memory'and

3

echoic memory. .

|
|

. , < ‘

of intrusion oceur for the most recently presented pair when presentec . {
\

|

|

|

|

|

|

This is essentially Norman's (1968, 1969) position although Norman "
holds that’the interaction takes place within the same.memory system,
Norman (1969) maintains that other theories of atténtioﬁ\sggh as ‘proposed,
by Broadbent (1958) and Treisman (1964), require a sensory, stQrage system.
prior to attention, This has variously‘been calIed the* S-system (Broadbdnt,
1958), preperceptnal store (Turvey, 1966), and (for atdition), echoic . o
memory (Neisser, 1967). After the Subject is instructed to recall a

message, he is able to retrieve the contents of this storage system,. "\
However, after g ‘long deiay the contents of thi tystem are no longer , ..

. available ce this material decays over time and/or is degraded by ) :
interference,

‘ - - . ! . : -

. Norman maintains that selection pperates after the analysis of incoming -
messages has occurred on the basis ofgzoth physical characteristics and *
méaning, He argues (Norman, 19§9) that the meaning of a message cannot be. S
- determined without reference to memory, ‘and if.meédning is . exttacted from
all signals, then all messages must get analyzed thrbugh permanent memory
and must also, be present briefly in short-term memory. The, predictIon '
follows that the_subject st:ould remember stimuli to which be has not’ .o
attended, and he presents evidence which*supports this prediction, ¥Norman
had svbjects shadow Erglish words presented to one ear., They were then . ‘
tested for their memory of numbers which had been presented to their other - )i
ear. The results ‘{ndicated - that Ss were unable to yecall the digits if
they were required to shadow for 20 seconds before being asked to recall the
digits. After immediate récall instructions, however S did remember .\
some digits, Norman interpreted these results ad indicating that non- .
‘attended information gets,into short~term ‘memory, but is not. transferred -
to long~term memory.,  Although'the act of shadowing denies 8 the use of . « ' |
rehearsal which is deemed necdbsary to retain mgterial for any length of '
t , the. short-term memory ig¢ ‘still operative. Thug, Norman's model of .
at¥ention makes the same pnedictions. that coded information should be
recalled better than' uncoded information because the coding itself guarantees
retrieval;s that these differences should be:. greatqr'as récall -is tested:
fqom more recent to less recomt itéms; and that at fast presentation rates 3

»
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. rather than ‘slow rates.of presentation, since, as grgured above, it slow |

" attended message should be more-likely for synonyms at thé slow rate,

. ot . . . ’, ‘
: Vg P . B
Kantowitz ) . . LT N PR .
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.more intrusions of uncode}¢information ingo coded information.should' o R
occur than at slow rates - , . g - )
' . . P T . S
. n | . N L X
An additional explanation of\ these intrusiora i3 ‘also possible, ; uJ'. A
Treisman (1964) suggested that messages to which S does not attend aye’ - Lo
attenudted, so ‘that for a dichotiocally presented pair ‘of messages the' _
attended message (signal) is.more Antense than the unattended message Yo

(noise), IR this. ig’ so, and if.material in echoic memory is less likely” . !
‘to be retrieved as the period between presentation and recall increaseg, -
then- the signral-té-noise ratio should be less for recently presented | .
messages than for pessasnks presented earlier. Implicit in th&s argunment '

- 1g the assumption that both signal and noise.decay at tlie same rate. From-.

this pbsition it mdy also be predicted that for more recent items there
".should be more irtrusions from the unattended to -the attended channel,
JIn addition, at fast rates of presentation, more intrusions should ocgdr
* since ‘there has been less time for decay of the two signals, Treisman
proposed that selection reflected a hierarchy of tests,-the lowestxtest
beigg an analysis based.upon gross physical characteristics of the message '
.such as pitch and intensity. IShe proposed on the basis of empirical findings ,
(Treiéhan, 1964), that the initial selecﬂépn of, messages occurred.at this .
low level of processing and that only later in processing did an:analysis

of meaning occur. From this position additional predietions regarding ~ o
intrusiong of unatfended material into recall of attended material may

be made whiﬂr do not-follow from Norman's model.. More intrusiong of *

items from the'‘unattemted to the attended ear §hould occur when the ~ .
messages ‘consist of similar sounding words than. when they are different o “
sounding; in addi*ion, this should be more likély to ocgur at the-fast,

rates the, effects of attenuation should be more marked..\klso of. interest’ - . ¢
are the effeqts pf semaatic relationships oetween the attended and unatterided
messages, If higher order tests are necessary to analyze mea;}ng, then ' ..
these tests should take more time tharn the gross physical ana Lyses. Posner

Mitchell (1967) have demonstrated.in several experiménts that "same! °
responges for two physically identical visual stimuli were 70 to 100 msec
faster than "same" responses to pairs of stimuwli having only the saie .
name. These' studiés clearly sugpest that $8 can respond faster on the .
basis of physical characteristics than they can on the basis of “higher v
order characteristics such,as ﬁéaning. To the extent that'more tige is
avaiYaple for ‘these higher order tes§s at slow rates of predentation; . i
as opposed to fast rates, then intrusions from the unattended to the . .

.

than at the fast rate, Since thexe is enough time between items to !
allow an analysis based uponr meaning,s, These additional predictions seem

-to be inconsistent with the view tha interferqnoe ogcurs within a single
ghort~térm s otage system. If items in short term mbmory are stored on

the bases of meaning rather than on the sis of sensory factors.such as
duration,. pitch, intensity,'i €.y, grosg ysical features,-as seems to be - . .
indicated by evidence reported by M:éﬁér \1956), Ngrman (1966)!'and Waugh '
and Norman (1965), and if attended ajid unattended Information are both’

“held in this same system, then intr siong ahross channels should occur

not on the basis of’sound Jbut- inﬁgead on the bdsis of meaning.'

&
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L Word Experiment - 3 ‘ .. ‘ ) .. & i
- Dichotié stimulus tapes Qtre'prerared'using a minicomputer system - ) :
!‘ developed in this project (Knight & Kantowitz, 1973). This article is.

. include d in the appendix and giVGb a detalled de scription of the computer
.method, ,The fo’lowing is -a simpli%}ed‘descriﬁtion of the system and ite
advantages, - -\ .
. ’ .. Y
. . .The typical non-computerized ppocedure for construction of dichotic
-\ taaps (e.g.,,Murray & Hitchcock, 1969) first records one channel on a’
stereo .tape recorder,*pcrhaps in time to‘a metronome. The second channel
'is then recorded manually s0 tiat sjnchronizution depends, upon the skill .
of the Lecordist, A visual check is‘*then made by running the tape and
t * _displayipg both channels om gn osc{lloscope. This crude procedure yields
. lavrge and V“riable onset asynchronigs, Other mechanfzed approaches require
. either large computers or speéc¢ial purpose equipment,” The present procedute
rcquires only a small ninicomputer (8K of memory) which is a-great advantage
. since such computers, are becoming more and more common in the psychological

.

laboratory. . . S . .
. : $ ey ' ‘
L The system can be used by an operator with no special technical train-
! »ing., It operates in two stages, In Stage 1 monaural words are digitized,

~» adjusted to a fixed presct, length and stored,: JIn Stage 2 paivs, of adjusted
. words are recorded onh audio tape. The tapes used in this expe iMent had
onset aSynchronies less than 100 microsecs and intensity of 70 db“SPL + 1 db,

.
’ -~

Words were common one-syllable words selected from Thorndike~Lorge .
frequency categorties AA and 4. These were recorded by a phonetician
L. . (srandard Americaa dialect) and then processed by gomputer, Word length
s was set to 400 mseec, Dichotic tapes were recorded directly from the
computer onte a Revox-A~77 tape recorder which was later used to present
dichotic lists te subjects

Y g

Two groups of lﬁ_female undergraduate subjects were uséd, One group "~

" had lists presented At a Fast rate (2 word pairs/sec) and the other had

a'Slow rate (1l pdir/sec). . . , ,

- - ' A trial consisted of five dichotic word-pairs preceded'by a monaural

) burst 'of white nofse, Figute'l shows a schematic rendering of a trial,.-

After the last word pair, another noise burst was presented binaurally\

This was followed by a binaural probe word, which had appeared previously

T in one of the five dichotic pairs, Subjects were given 10 sec to write
down the wdrd which followed the probe word in the same ear as the probe .
word, Thus, for‘example, if the five pairs were 12, 34, 56, 78, 90, where
‘digits 13579 occurred in the left ear and digits 24680 occurred in the ,
right ear, and the probe was the digit 3, a correct response would have

. been the digit 5, 4 . .

. " Four test tapes of 56 trials were used., The first 8 trials of each
tape weére for practice and used only digits! The remaining 48 trials
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Kantowitz

sed word paire which exhibited*one of foyr types of relationsh{p.
erminal (T)-both words shared the same final phoneme, e.g., GAIN- RAIN'
nitial (I)-both words shared the same first phoneme, e.g., VAG?i ~VASE;

ssgciates (A)-both dichotic words were high-frequency associatef, e.g.,

IGHT-DAY; Synonyms (S) each word in a dichotic pair was a synonym of
v the other, e.g.,, WIDL~BROAD. The type of relationship used, i.e., T, I,
\. &4, or S, remained constant for 48.trials. On 24 trials the preceding »
. naurﬁl, vhite noise, watning signal occurred on the left ear, indicating,
-ﬂ that subjects should attend to the left ear, Howevcr, no vocalization
. ($hadowing) was required. . On half of these 24 trialy, tie probe word
was dravm from the ;ignt (Unattended) ear and on hal from the attended
edr.. On the *emaining 24 trials, the right ear vas ?Luended with probes
agaih being drawn 12 times from each ear. During eack of -these F2 trials,
eath serial position was probed 3.YImes; note that since the las: serial
position could not be probed (sincc acthing followuj it) only foor serial
positions could be tested. - . . . .

- #; o .y -

. Subjects were tested in groyps of four, Each subject sat i& his owm
ooth and could not cormunicate with othe;,subjeCts. A §5 Uohus was given

to the si@bject who recalled the greatest number of correct attendeduchannel
d rds. Instructions noted that the unattended channel would be tested
also. (See Appendix I.) . : .

" Tone Experiment - ’ y

Stimulus tapes‘for this experiment were prepared by the g;brid Computing
‘Facility of Wright~Patterson Air Force Base, A standard $ignal detection
task with .50 -signal ‘probdbility, 1 khz sinugsoidal tone, and a sighal/noige
ratio of 16 db was recorded on one channel. Signal duration was .5 sec.
Digit lists were recorded.on the other channel. White noise and digits,
commenced simultaneously: The Signal when it appeared, occurred e*gptly
in the middle of the digit list, Digits were presented at a rate of 2/sec.

Sixty-nine subjects tested for normal hearing participated in all
four experimental treatments. In the divided attention (DA) condition,
dguhjects were required to attend to both digit and signal-detection taeks.
' _Three DA conditions had list lengths of two, six and ten digits. In a
" control (C) or concentrated ‘attention condition, a six-digit list was
pregented but subjects were'instructed to 1gnore the digits and to attend
only to the signal-detection task, At the ‘end of each trial, subjects first
reported the presence or absence of the tone and gave a confidence rating
on a four-point scale; then, for PA conditions they wrote down the digits
in the order in which the digits occurred on that trial, Each condition

?

consisted of 30 trials. . ~ \\ .

‘

C e RESULTS .

Word Experiment

-

Four dependent variables prcved ipteresting: number of intrusions,
number of correct responses, number of errors frog,attended ear, number of
» - . ‘ , .

13.

-
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errors from unattended car, Number of external errors and number of null
responses althcugh examdined were not useful indicants,

Intrusiong.~— An intrusion is defined as a response from the correct
serial position but incorrect channel. Thus, if a trial had digit pairs
of 12, 34, 56, 78, 90 and 3 was the probe digit, 6 would b¥ an intrusion,
Table 1 contaips intrusions for each list relationship %5 a function of
presentation Yete. While more intrusions occurred at¢the Slow rate, this
effect was not statisticall reliable, ¥ (1,28) = 1.85, p > .05, Effects

of list relationship were significant, F (3,84) = 26. l3 p < .001, While
all lists differed at the .01 level of significance by Newnan-Keuls test
‘(except' S vs. A at ,05 level), a contrast COmparing acoustic lists (T and
I) with semant:zc lists (S and A) revealaed significantly more intrusions
for-acoustic lists, F (1,84) = 98,38, p < ,001, Of grea&'ﬂ?impoxtance
is the interaction between uresentation rate and list 1elationship, F (3k84) =
* 3,56, p < .05, UWhile acoustic lists were unaffecte rate, more intrusions
occurred at the Slow rage~for semantic ldsts, Thi sult supports the
attenuation model of Treisman, At the Fast fate only acoustic tests can

be performed but at the Slow rate, semantic tests can also be performed.

As was expected, significantly more intrusions''(668 vs., 360) occurred
when thé unattended channel was probed, F (1,28) = 44,42, p < ,001,
Intrusions generally increased with serial position: lSO, 204, 371, 303,
F (3,84) = 3,10, p < ,05. - A contrast comparing the first two and last
‘two serial positions was significant, F (1,84) = 96,52, p-< ,001, indicating
more intrusiens for later serial positions. Number of intrusions for
each list relationship, for attended aad ynattended channels, is dispiayed
. in Figure 2 as a function of probe sérial position, i.e,, serial pasition
* . * one means that the_intrusion occurred.in the second pair of words. These
curves are pooled over Fast and Slow rates, since no rate X serial position
interaction was obtained, F (3,84) = 2,64, p < .05, contrary to the findings
» of Murray and Hitchcock t1969). This implies that attention does not -
affect memory by ensuring a more permanent trace but instead effect perception
. at the time of input, The finding of Murray and Hitchcock of more intrusions
for the most recently presented pair at the Fast rate, is most likely an
artifact of the unequal delay between the probe digit and the last dichotic
G‘pair presented which was confounded with rate, In the present study, this
;ﬂinterval was constant (1.5 sec) for both rates (see Figure 1) In the
present experiment, intrusions do not appear to 'result fpam an interference -
betwéen echoic and verbal short-term memories, dn Figure "2, tHere is a
decrease in the number of intrusions for the last serial position relative
‘ ta the third serial position (although there are still moze intrusions
< than for the first serial position) for most lists; an exception is the
rise in intrusions for the A and T lists when probed jon thé unattended
channe The possibility that serial position three%did not benefit from
ei{PHET recency or primacy short-term memory effects may account for the
intrusion rate peaks af this serial position, The significant three-way
. interaction (list type X attended-unattended channel X serial position),
F (9,252) = 8,69, p < .001, may largely be attributed to the failure to
Tind an intrusion rate peak for semantically related lists when the
unattended channel was probed., 9 N <

*\. R 3 lh. ) .
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. Table 1 , B .
3 ' ’

Number of Entrusiom Errors for each List Type as a Function of Pregentation

. Rafe
List Type _
| J e N - . g .
Presentation ‘. . :
Rate ) . ‘ . .\
Fast - 68 '~ 89 = 147 182 " 486
Slow . 103 129 148 - 162 ) . 542 I
./ ' -
. 171 218 215 4 I :
{ ) ! - : [,r"” T
R 1
1 "
1l \ '
& % '
] { J .
* h
* v /] o

15, .
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Correct respcnses.—~ A correct response is defined as the word

following the probe vw6rd in the sare’channel, e.g., if- digit pairs 12, ! -
34, 56, 78,- 90 were presented and 3 wag the probe digit, .5 #ould be the

correct response, The overall proportion of correct responses was quite

- low (.24). Thi3 {s a joint effect of the task difficulty and the use  +

~ 2,20, p < %001}

of experimentally naive subjects with'little practice in dichotic listening.
Many studles of -dichotic listening have used small numbers of extremely o,
well-practiced subjccts, Since 4 major aim of this study was the
investigation of intlusion érrors A large number of unpracticed subjécts
was used, . .t
. N .

No difference was found.in the number of correcf responses as a function ol
of presentatiion rjte with 752 carrect résponses for the Slow rate and 745
for the Fast Late, F (1,28) < 1,0, Since the time ffom offset of the last
(fifth) word-pair to probe onset ya$ equated for both rates (see Figure 1)
this resulty ivplies that overall, neglecting serial position effects,
the greater intey~pair delay at the Slow rate was counteracted by rehearsal
during presentation, Corrdct responses were fewest for, the S list (305)
while the A 1igt (416) had,the best performance, and the acoustic list
relationships wére intermediate (T:393+1:381), F (3,84) = 9.38, p < .001,
Newman-Keuls test showed the S list to be reliably poorer than all other
lists (p < .01), while A, T, and I 1ljsts did not differ at the .05 level
of slgnificance. No interaction between presentation rate and list E:) >
relationship was obtained, F"(3,84) < 1, Performance improved for later \
serial positions as expected (272, 300, 395, 500), F (3,84).= 35.56, :
2 ¢ 001, The Interaction between presehtation rate and serial position :
is showa in Table, 2. The Fast rate produced better performance at the s
first two gerial positions, while the Slow rate was better forithe two
terininal positions, F (3,84) = 3,06, p <, This result was true for
all four list relationships, explanation of this finding could be’
a relatively greater loss of ite:g}nformation in the Slow rate, Performance
is poorer at the early serﬁgl positions because the subject is less likely
to racall earlv items andﬁinstead recalls (incorrectly) a later item from
the attended channel, \However, Lhis loss of early items is beneficial
at later serial. positions since the weakened early items dotnot interfere
with later items s‘/ihat correct recail improves,

-
’

As expected more correct responses were made when the attended channel
(1087 corrects), rather than the unattended channel (410 corrects), was
probed, F (1,28) = 118.81, p < ,001, However, this attended-unattended
channel effect interacted with List type as shown in Table 3, F (3,84) =

\k It can be seen from this table that probing ‘the unattended
channel was far more detrimental to performance when semantigally, rather
than acoustipally, related word-pairs were presented.

" Figure 3 shows that performance improved much less rapidly at terminal
serial positions when the unattended, rather than 'the attended, channel |
was probed, F (3,84) = 4, 57, p < 01. This finding suggests that subjects

tontinued to | process echoically stored information from only the attended ' ~,

channel, following list presentagion. Since the echoic trace of recent —

serial positions is most salient, tbe bias. toward continued attended .( ..
ot . . N N s : '
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' channel proccssing should produce’ the greatest attended channel advantage
at final serial positions,

. A Presentation rate X List ‘type X Attnnded-unattengzd channel inter-
. action i§ showg)in Table 4, F (3,84) = 3,29, p < ,05 o principal effects
are evident in,Table 4, First there i8 a greater difference between attended
, and unattended channel performance when semantically related word--pairs
(Lists S and A), rather than acousticzlly related pairs (Iists'T and I), °
were presented, Second, Presentation rate had little consistent effect
. upon acoustic list performance but did influence semantic 1list performagce,
For semantic lists (S dnd A), fast presentation rate was superior to slow
presentation rate when the attended channel was,. probed. When the unatteﬁﬂad
,channel was probed," the converse obtained: performance at the slow presentation
. “rate was superior,——This reversal may be understood in terms of the effects
N . of unattended channel processing. When the unattended channel was probed,
‘ any.unattended channel ,processing would have been beneficial. _ Such un-
attended chanpnel processing is minimized by fast presentation. ' However
when the attended channel was probed, any ungttended ‘channel processing s
was probably disriptive since increased load would be placed on perceptual,
) and memory systems., The.failure to find a similar rate effect among !
- acoustic list conditions may réflect the velative simplicity of acoustic .
filtering processes: the came degree of acoustic filtering was possible
at both fast aad slow presentation rates. ‘Thys, the interaction depicted

. in Table 4 suppérts a hierarchical filteriag system as proposed by Treisman «
: « 7 (1969), . L - . ,
As when intrusions were analyzed, an interactidn between List type,- S
Attended-unattended channel, and Serial position was found for correct . ’
_responses, This interaction, shown in Figure 4 was stat‘istically signi,ficgnt, -
'F (9,252) = 4,53, p < ,001, Unlike the intrusiok data, correct recalls
showed no peak at .central serial positions but increased with serial
position for all conditions other than terminalli acoustically similar '
(T) lists, when the attended channel was probed. Furthetmore, it appears
that.the serial position effect is unusually small when semantically related
' " lists were probed on the unattended 2hannel.
f . - ’ Ve
~ Errors from attendéd channel.- An error from the*attended channel (EAC)
is defined asian, item, other than the correct item, or an intrusion from the
ear which was monitored by the subject regardless of which ear was probed,
e.8e¢, 4f the dfgit pairs were 12, 34, 56, 78, 90 and the probe was 3 or 4 °
F) " and. the left (odd-digit) ear was to bt attended, then EAC would be the
digits 1, 7 or 9., The greatest number of such érrors otcurred for ,
. Synonyms (485), followed by Associates .(478), Terminal (321) and Initial
o~ » (313) 1ists, F (3,84) = 20,95, p < .001, More EACs occurred when the
unattanded channel was probed (986) than when the attended_channel was
“ probed (611), F (1,28) = 49,66, '2 < ,001, This result was true for all
list rEIationships, except T lists forbzhich equal EACs ‘were produced, This |

»

can be’attributed to a response bids foy the attended.channel with subjects
tending to respond from the attended chhnnel more often than from the

* Unattended channel regardless of which channel was probed., An interaction
be;ween rate and srial position, F.(3,84) = 3,00, 2_< .05, is the inverse

, - \L .

-
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" Table 4
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List Effects 6n Qumber of Corrects as a Function of¢

L2 ; 1, '
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o .\‘ °

——

3 S
» S > *
' List Type j- , ‘
y - Semantic Lists . Acopstic Lists
' ‘S : & ) Xseméntic‘{ 1 ,Xacoustic
. . -(\) * * -
. .Channel B 3
Probed o ’
* ' . oo \
Slow Attended 123 162 142.5 111 137 124 .
Presentation C - . co ’
. . Rate Unattgnded 27 54 4055 - 82 56 69
\ ‘. ,
[ . hd ) ’ . 1] '
-4 * . ' ’ \‘ . - -~ . *
. : ) . & ; .
Fast ° . Attended , 140 .. 170 55 126 118 122
Presentation ‘ \ ’ Ce
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“of this fnteraction for correct responses. , T ) {,
e P B N .
y ’ " Errors from unatten ed channel. An'error from the unattended channel
- (EUC) 1is similarly defingd asan incorrect item drawn from the urimonitored
. chamnel; in the example above EBCs would be the .digits 2, 8 or 0. The

only finding of interesti(Ta er5) was a reduction in EUCs as presentation
rate iacreased when’the unattended channel was probed F (1,28) = 4,70,

4 R < O;OS.‘! P . . ] . y

}
3 . 4 [
_ Tone Experfiment - . ' . ¥,

.

Figure 5 shows ROC functions for each of the four attention conditions
[ - pooled over subjects, It is clear that d changes with condition. However,
. to avoig parametric and pooling assumptions, an additional analysis was
[ vperformed: The area under the ROC function was separately calculated

for each.subject and condition and "these data were then analyzed. The

%

_ Wmean area under the ROC function was .95 for the control condition, .93 -
- v for the 2- df%it‘§h condition, ,92 for the 6-digit conditjon and .73 for [
. the 10-digit condition, F (3,204) = }], p < .001, , Thus, tonﬁ detectability

decreased with increasid— digit load, . \

Mean recall scores, for ordered¥and free recall are shownlin Table 6.
- For serial recall, effects of digit-list length F ®,136) = 163, and
" tone préseace vs, absence, F (1,68) = 23,69 were both significant . at the
.001 level, as was their interaction, F (2,136) = 22,74, Whilg recall .
) ‘ performance was .independent df tqne/no-tone trials for both 2~ and 6~digit
\\_ DA conditions, performanee was better in no-tone trials for the 10-digit
DA condltion. For free recall similar, albeit weaker, effects were also
observed.* Effects of list length, F (2,136) = 913, p < ,001 W re again -
. . significant although tone pfesence V8. absence just missed 8 nificance
at the .95 level, F (1,68) = 3.49, .1 >p > .05, HOwever, +héir interactior
was again significant F (2, 136)'= 3.17, p < .05, due to impr ved performance
,onno~tone trials at the 10-digit DA condition. Thus, while digit load
] had a.clear effect upon tone detectabélity, ich was most evident for the
& 10-digit DA condltion, a reciproczal effect upon digit reeall was observed
for the most difficult digit condition. Although serial recall scores
which require bgth order and item informatibn were more sensitive than free
,recall scores which require only item informatian, effects wvere gimilar
\ "for both measures. . , q

. ('

.
v

‘ CONCLUSIONS ,
4 . .
The two studies reported herein used dichotic stimulus tapes generated
bz computer, Such precisely generated. stimuli remove many of the arti¥acts
previous restarch in this area so that more confidenée may be placed
Ain these present results,

-
4 ~

\ ; Results af both experinents were more compatibleﬁwith early-selection
. models of attention than with late-selection models, In the word experiment,
./ the dependence of semantic intrusions upon presentation rate coupled with

the ihdependence of acoustic intrusions from présentation rate, supports

‘ ’ - L) ~
\
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Effects of Presentation Rate.on Number (of Errors from Unattended . Channel
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Table 5

.
-

\
- (EUCs) as a Function of Probing Attendec and Unatrerded Channels

4 ~ N
’ 2 ' “a
. ' Presentation Rate
- . : N S -
. P . Slow Fast X
) Channel - s ‘ ' ’
Probed \’
- - : X
' Attended 176 138 157
Unattended 12 7 N6 159
JXo 179 . 137 '
. . . ¢
' . '
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Table 6
. Meqp-egrrect]y Recalled Digits b .
Serial Reeall

Number of Digits to be Recalled

: 2 6 10 X
‘ L]
Tone Present " 2.00 5.13 4,49 3.87
Tone Absent 1.99 5.16 4,99 4.05
’ . - - l 4
‘n
Free Recall
) \ # .- - |
| Number -of Digits to be Recalled -
B ’ ) _ R i
. - : . 2 6 10 X X |
N Tone Present . 2,00 5.68 7.1 ¢ | s5.03 ' 3
' Tone Absent 1.99 5.70 ° 7.55. . |° 5.08 BN
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Treisman's model of a hieraréhical set of tests imposed upon incoming
stimulus material. Since attended and unattended information is maintained
in the same system accg¥ding to late-selection models, intrusions should.

. ) not be based upon acoustic relations but should occur more frequently for S
semantically related words since, according.to this model meaning is ex- (
tracted before attentional limitations are imposed. Indeed, the opposite .
outcome was obtained with considerably more intrusions for acousti l;sts
even at the Slow presentation rate, g\

}ﬂ{;he tone experiment, the early-selection model was again supported,

, Increasing digit-load resulted in poorer signal detgction. Since the tone
was reported before digit recall,” this outcoma cannot be attributed to
memory decrement during digit recall, a cériticism which could be applied to
the Broadbent and Gregory (1963) study. However, it could be argued that
within a trial presentation, a correctly detected tone could be forgotten
while the rest of the digit string was presented, The concentrated attention
condition involved a 6-digit string and resulted in better signal detection
than the 6-digit DA condition; however, this difference although statistically
reliable was small, The major decrement was observed in the 10-digit DA
condition in which tone report was delayed for one.sec more than in the
6-digit condition. While it is rather unlikely that memory for a correctly
detected tone could decay so rapidly during this additional one second,
such a rpossibility cannot be dismissed outright, It is much more likely
that the deficit is due to perceptual, as Yopposed to memorial, processes
occurring during stimulus input., Support for this position was obtained

#in the digit recall scores. For both free and ordered recall, performance
in the 10-digit DA condition was worse for trials on which a signal tone

- had been presented. Since tone presentation was randomized, subject had
no way of discovering a tone presentation prior to tone occurrence., In

T the 2- and 6-digit DA conditions, dual-task load was sufficiently low .

\ so that subjects could both detect the tone with a high degree of accuracy
and also recall the digits quite accurately, However, in the 10-digit DA .
condition, processing of the tone (when it occurred).caused attenuation ‘
of the digit message on the other ear. This effect*was More pronounced
for ordered recall and this outcome is_ in agreement’'with a suggestion of
Dornic  (1973) that order. information ’! stored in a "lower storage mechanism"
which is primarily echoic in nature with items being linked by their physical
‘features and order of occurrence rather than being stored in relation to
their meaning. The additional attentional demands of tone processing inter-
fere with the entry of items into this primitive echoic memory. Such an
interpretation has an interesting implication for Treisman's model: active
utilization of an analyzer (e.g., tone detector) is more attention demanding
than the maintenance of the analyzer in a ready state., As was noted by,

Dornic (1973) such a "lower storage" is more compatible with early-selection
" than late~selection models of attention,

-
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o . APPENDIX I

" instructions

~Yos are about to participate in an experiment designed to study how
well people can pay attention under distracting circumstances., The e ¢
periment will c01sigﬁ?c£ several blocks of 56 trials, You will be give
short rest breaks befwzen,each block of trials, The first eight trials
pf each block will be for pract ice.

At the start of each trial you will hear a one-second burst of noise
in only one ear. The sidespf the noise burst.tells you which side you
shpuld listen closely to during the upcoming trial, For instance, if you
hfard & burst of noise in the left ear, then you should pay attention to
ords presented in the left ear during the next trial, -

l * “ *

Shortly after the noise burst’ five pairs of words will be _presented
to you., In each pair of words, one wérd will be, presented to your left
ear and one word will be presented to your right ear. You should 1isteh
to words on the side indicated by the first nodse hurst, :

P \

%

After the,five word-pairs have been presented,, another burst of noise
111 be given to tell you the presentation is 0ver.\\\

Shortly thereafter you will hear a single~tord. 'ft i11'be presented
in both ears, This word will pe one which you just heard. among the five
word-pairs, . o \'

Your task in’ this experiment is to recall the word which followed
this test word Quring the presentation period. You will have teh setonds. .
to write down-gogr angwer before the next trial starts.’. For instance,
1f you heard 1, 3, 4, 5 in the left ear and the test word was 2, then- !
you should writé own 3 as your answer, Similarly, if you heard 2, 4, 6,

8, 10 in the right ear and the test worg was 6, then you should write down

\ .

. We would also like to know how chnfident you are in your answer, {Next
to your answer write down a number from 1l to 5, 5 meaning very confident;
1 meaning least confident. . ’

Most of the_time the test word will come from the side you were

instructed to attend to., Sometimes the test word will come from the other
side, However, your score will be based ONLY upon trials where the attended
ear is tested, If the test did happen to be from the unattended side,
however you would still, if possible, write down the %ord, from the
unattenﬁea side which followed the test word. -

D

-
+

It is only fair that good perfermance be rewarded. Therefore, subjects
in each experimental conditidn who achieve the highest scores will be given
a five dollar bonus., Remember that your score will depend only upon your
ability to recall words from the side indicated by the initial noise burst,

b
-
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Appendix I (Conttinued) . '“:P'pa
Lo Instructions
< .
1 | S
Even though the other side is occagionally tested, this will not be used ' -

in determining your performance since we are primarily interested in how
well you can focus your attention on a épeciﬁied speech*signal,

, In order that we may notify the high scoring subJects, please write
dowrt on the top of the scoring sheet .2 mailing address at which you can be
reached during the next two months, WVinners will be notified.during this
period. ’ ' ) -

If you have difficulty Hearing the signals, feel tired, or otherwise
unable to continue, please indicate this to the experimenter at the end
of a trial block. The words you will héar have been generated by computer:
and ‘therefore sound slightly metgllic. However, they are common English
words and, with a little practice, you should be able to under \tand them

2
well, If you have ary questions, pleace ask the experimenter now.
?‘
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