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ARETRACT

An infomaation procesbsg medel seover an o beurdstie fo endenfand capadity
lissitations and ateemtional effects in suditory-proceniag taks. Experiments in
backwand recapaitton maiking show no delective peacepilon abang ibe dimengans of
fpalial bocatian, loudness, or sound quality. Some capacity lmitatlon |5 deown,
heweres, when an auditory perception task mudt be preformed conoenrently with
vitial recognition. Selectve atbentlen aliv ofcur when obezmvers are requited 1o
Integeare and count a sequence of somndy althoogh hess tame souad wqeenced can
e monltored on o percepius] level without an atientional effect. Attesibony sifeciy
in preceasing dichotic speech Inputs are plpo deseribed in eems of te model

I. INTRODUCTION

The goal of this chaper i to utilize an infomation processing model in order 1o
undersiand capacity limitations and attentional effects in auditory processing
lasks, This approxch rests on the idea that a model of atiention can only follow
rather than precede models of information processing. Accordingly, we begin by
deseriblng the development of on auditory processing model 2nd the empirleal
suppert for the model, We then consider the implications of the model for
atteniional effects at successive stages of auditory processing.

Figure 1 presents a flow diagram of the audiiory procesing medel wtilized In
our research. Auditory input is Tunneled throwgh the ears so that although the
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FiG. 1 Suecesslve stages of seditory Infarmailon procesing.

stmosphere it flled with sound, our eonlact with i is lmited 10 these two
organs. The transduction of the sound-pressure fluctuations passes on featumal
infermation wlich i detected and stored centrally In preperceptual auditody
storage. Prepercepiual auditory storage holds the featunal information given by
the detection process Tor a short time alter a stimidus is presenfed. The primary
recognition process involves a resolution of this informaticn, producing a syn-
thesized percept held in synthesized auditory memory. Primary recognition
sccomplishes the phenomenological outcome of perceiving tound of a definite
loudness and quality at some location in space. Prepercepiual suditory storage
appears 1o be centrally located with a capacity of just one sound; a second sound
appears to replace the featural informatlon stored there shout the earlier sound.
The informaticn abeut the [rst sound pasted on by prmary recopnition is
fimited 1o that processed between the onset of the first sound and the onset of
the second. The quality of the information In synthesized auditory memory s,

lIthé’uru, a direct function of the processing thme between the onsets of the two
Touags,

1. RECOGHITION MASKING

Evidence for this concepluslization of preperceptual auditory stosage and prl-
mary recopnition comes from 2 sumber of results In recogrilion matking.
Massaro, Cohen, and Tdson (1976) previded a direct compastsan of forward and
backward recognition masking. On each trial the subject was required to identify
2 tine-wave test tone as high or bow. The high and low test tones were BG0 and
790 Hz, respectively. In forward masking, the test tome was preceded by 2
masking tome, whereas the masking tone followed the test tone in backward
masking. The masking tone was cither high (00 He), middle (825 Hz), or low
{750 Hz)., The test and masking tomes were 20 msec In duration and were
presented at & normal listening Intensity.
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Each trial began with the visual peeseniation of a Cue | or 2, sugnilying
whether the test (one would be preseated Ml of second. The cue was presented
| sec before the onset of the 1est 1one presentation. On masking irfals, the 1eit
tone was preceded or followed by a masking tone with a O-, 20-, 40+, 8O-, 160-,
350.. or 350.-mese silent interval between the test and masking tones. On 1Baf
ihe triali no masking tone was presented. These Likals were cued with the digit
*1.* The subject had 1.5 sec 10 make @ response afier the offset of the tesl 1one.
Subjects pushed 1 of 2 buttons labeled “H" and “L." mespectively, indicating
whether the test tone was high ot low. Feedback was given after this interval by
dluminating for 250 mace a visual display with the symbal Hor L depending on
whether the high of low tane was presented, The intertrial inlerval was 1.5 sec,

Figuee 2 presents the forward and backward masking lunctions for eight
subjects. The results show an insignificant amount of forward masking at silent
intervals longer than 20 masc whereas sipnilicant backward mosking occun oul
1o intervals 250350 msee, Asymptotic performance under forward and back-
ward masking averaged about 5% lem than perfommance under the no-mask
condition. This retult eontrazts with a number of previous resulis showing that
hackward masking at 250 msee ks equivalent to the no masking case (Hawklins &
Presson, this volume: Massaro & Coben, 1975; Manare & Kahn, [973). One
explanation might be that the subjects missed or fargaf the visual coe on 3 small
proporticn af tials in this sudy. When this oceurred on masking teials, the
subject might have categorized the masking lone rather than the test tone. This
mixtsp could nol occur on no-masking tshals, leading to the whight ssymptotic
sdvantage of the no-mask condition,

The resalts given in Fig. 2 ean be intespreted in 1erms of the properties of
prepessepiual auditory somge anid tlse primary recopnition proccs. Recognilion
of o short sound may mot be complete at the end of the stimulus and can
cantinue to occur doring the silent petiod afer the sound preseniation. Back-
ward masking occurs becauss 3 second sound interferes with the recognition
process by replacing the fimst sound in prepercepiual auditory stovage. Very lintle
forward masking is Found since the test sound replaces the maiking sound in
peeperceplual storage and recognition @ comtinwe during the silent interval
after the test sound preseniation.

The recognition masking. resullts appsar Lo require some assumption of a
prepercepiual storage before recopnition has taken place. Crawder (1975) sug-
gested that backward masking may occur becauss suhjecis confuse the order of
the test and masking tones and judge the piteh of the making rather than the
test tome, Increasing the silent Interval between the tones decreases the [ieli-
haod of the temporal confusion and, therelode, performance will improve.
Crowder's 1emporal confusion hypothesis predicts that backward and forwand
masking should be equally effective since temporal confusions must be bidirec
tional, The large asymmetry in backward and forward masking In Fig. 2 argues
against 3 simple tempaoral confusion hypathels.
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FIG. 3 Prroentage of correct recapsdibont st a function of interiope Imterval emder foqwand
and backwaed smukjng, The dotied line gives perfoamance when no matking tons wat
presenied. (Aler Masssee, Cobea, & 1dica, 1576,)

I, SELECTIVE PERCEPTION

The following experiments asked to what extent capacity Emitations and atten-
ticnal efects occur at the initlal stage of primary recognition. The experdments
are carrled out in a backward recopnition masking task for a number of reasons.
Since the masking stimulus ferminates processing of the test stmulus, atten:
tlonal effects can be measured at different processing times of the test stimulus,
This procedure tests for attentional effects scrom the whale range of perfar
mience |evels, allowing the experimenter to avoid:-floor and celling effecis, The
fignificant improvement in performance with pro.essing time will provide a
measire of the dymamic aspeet of attentional effects il they are found, and will
help silence potential erticisms of an inadequate test If no attentional eifects are
obterved. IT attentional elfects are shown to interact with processing time, the
results can be safely located at the primary recognition, rather than some later
stage of information procesting.

A, Spatial Lecaion

The resulls of recognition masking support the Idea thal a sseond sound can
teplace an earlier sound held In prepercepiual auditory storage. There & also
good evidence thal the storge is located centrally after the inputs from the two
tars are combined in the auditory sysiem. (sce Hawking & Presson, this volume;
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Massaro, 19750: Massaro & Cohen, 1975) A masking tone presented fo the
opposite ear of a fest tone presentation prodwces as much interference a5 one
presented to the same ear a3 the test tone.

If the structure of peeperceptoal audiory storage i a dngle chaanel that
receives inputs from both eass, primary recopnition should not be capable of
sebective attending to one spatial location or blacking oul ancther, To fest this
hypothesis, subjects were asked to recognize a test tone as high or low (Massaro,
19752), The test tone was a 20-msec sine wave of either 720 os T80 Hz. The test
tone could be presenied to either of the two ears followed alter 2 varfable sitent
interval by @ masking tone presented fo the opposite ear, The masking tone was
a 100-msec square wave tone of 750 Hz. Before each irial, subjects were cued
thiat the test tone wouald be presented io the right, to the left, o to either ear,
These practiced sebjects also knew that the masking tone would be presented to
the opposite ear. Therefore, given the cues rght or left, subjects attempied to
attend to the designated ear and to block out the enattended ear. Glven the
gither cue, however, subjects had 1o divide their sttentlon between the iwo ears
as the ies tone could secur on either ear,

IF subjects can selectively attend io spatial location at the level of primary
recopnition, we should find significanily less matking in the selective than the
divided attention conditfcns. On the other hand, the spatial location of a sound
may not be available untl primary recognition of spatial locatlon has pecarmed.
In this cate, sounds coming In dilTereni cars canmot be differenizated and
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FIG. 3 Percentape of carrect recogritbons 25 0 function ol infetions Interval under sebective
wd divided aitentlon. (Alber Maikaro, 19754.)
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selective attention o spatlal location thould not be possible, Therefore, primany
recopnition of the pitch of the 123 tone should not be facilitated by & presue
indicating the spatial locations of the test and masking fomes. Figure 3 plot
performance ander the selective- and divided-aitention conditions as a fupction
of the interfone Enforval. Supporting eadier dichotic masking studies, pitch
eecagnilion Improved with increasss in processing time before the masking tone.
And in agreement with the experimental hypathesis, no differences were found
betwesn the selective- and divided-atizntion conditions.

. Lowdnes and Sound Quslity

Spatial location information is not immediately available at the jevel of proper-
cepiaal storage but mist be resolved by primary mecognilion. Similady, loudnes
and sound quality are not differentiated at the bevel of preperceptunl storage.
Moare and Massaro (1973) asked whether observers could selectively process ane
dimension of an auditery seimulus, On each teial, subjects identified either the
lowdness, sound quality, or both dimensfons of a sheet test tone In s backward
recognition mazking task. Performance improved with increases in the silent
Intesione intervaly bt wat not dependent on whether subjects idenGified one or
two dienensions of the test tone, Thi result shows that the peimary recopnilion
process cannot selectively attend o certaln Fentures of sound quality or loudness
to improve 5 performance relative do the situation in which both dimeniions
gt be idenlifted,

The resalts of Masaro (19753) and Moore and Massare (1973) show that
subjects may not be -able 1o selectively attend to an suditory dimension of
spatial location, lowdness, or sound quality at the bevel of primary recognition.
The reasan for this, in our moded, is that these dimensions are not differentiated
at the level of preperceptuel awditory storage. An alternative explanation would
be that the dimensions are dilffecentlated bui thai the psimary recognition
process it aulomatic and unlimited in capacity. This hypothesis also predicts thas
multiple dimensions can be procesed in parallel without a performance deficit,
One way to distingudsh betwean these two explenations ia 1o measure auditory
resogaition when sulbjects are required 1o perfomm some other nonaadilory task,
[l sudliory recognlifon were unlimited in capacity, a econd task should not
[Emit He elficdency. Glven a limited capacity, however, 3 seeond task mighi
interfere with awditory recognition even though subjects cannot selectively
atiend 10 certain dimentions of 2 sound at the level of primary recognition.

C. Auwditory and Visual Reesgnition

Massaro and Kahn {1973) asked whether auditory recognition could be dis-
rupted by an additional visual procemsing fask, Simultaneousdy identifying the
durstion of g light decreased tope identification relative to the selective atten-
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tlon case In which just the tone had fo be processed. This result is contistent
with the idea that the process of primary recopgnithon i1sell is limited in capacity
ondd ideniifying the duration of the light cam subtract from the prooess capeaty
available for primary suditory recopnition. Within the process of avditosy
recognilion, however, no further division of processing capacity may be possible
because of (he strueture of preperceptual auditory siorage. In this cose, it may
not be ponible 1o selectively process one awditory dimension o the expense of
anather.

hiffrin and Gramtham (1974) have argued that duration judgments requize
sheet-tenm memory and decision capacity which cannot be divided without jos.
Given the difficulty of the durstion task, processing the duration of the visal
stimaudus may delay the decision about the pitch of the test tone until the
appropriste information ix bost. [t is difficult to see, however, why the subject
would forget the pitch of the 1231 tane since it can be categorized ashigh or low.
IT making two decisions Instead of fust one produces a shoet-term memary loss,
we might also have expecied an attentonal effect in the Moore and Masaro
{1973) study.

If one argwes that recognition B automatic and does not have capacity
limitations, any deficlt obszrved |n zome divided-ationtion stuation might be
claimed to occur at some later stage of processing. The evidence Indicates,
lwwever, that recognition masking measutes the temporal development of awdi-
tory recognition and doss not depend on decisien or shorl-term memory
limitations {Hawkins & Presson, this volume; Masiano, 1978a), Accordingly, the
recognition masking paradigm & Ideal for studying attentions] effects and
capacity lisnitations of the primary recognition stage of procesing. [T some
attentional manipulation |5 observed to interact across the temporal coutse of
recognition, we are somewhat confident in assuming that its effect is occurring
at the recognition stage of processing. Shiffrin (1976) agrees that backward
masking occurs before short-lerm memory; if capacity limitations ot attentional
effects interact with backward masking, their effect should be located at the
recogaition, not the short:term memaory, stage of processing.

Massaro and Warner (unpublished manuscript, 1976) atked whether primary
reoognition was limited in capaclty. Subjects were asked toselectively atlend to
o visual recopnition task, an auditory recognition fask, or fo divide thekr
attention between the two lasks. The visual task required the subject to recog:
pite 2 letter as “U™ or "V." The subjects identified the test tone as high er low
in the seditory task. Both the visusl and auditory test stimuli were followed by
masking stimuli after a varable interval, Each trial was Initiated with a visual cue
indlcating whether the subject should identify the tone, the letter, o both the
tone and the letter. All other experimental conditions were exactly analogous to
the Moore and Massyro (1973) study,

Figure 4 presents the results of four subjects undee the scleciive- pnd divided-
attention conditions, Performance Improved with incresses in ihe processing
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interval between the test and masking stimull in both fet

and wnder selective aad divided :llh:rfliun- Creerall ptrfml:l::l: E:ﬁ::ﬁ:m
selective- than the divided-attention condition n both visual and zuditory
recognition. These results provide fome support for the hypothesis that sudi
recopnition may be limited in eapacity, Even though auditory reconition h:‘_':
capaclly limitation, howesver, it may not be pessible to selectively enhance

precessing of one aaditory dimension 11 the
dimension, expense of processing another

IV. MONITORING AND COUNTING SOUNDS

We have argusd that, althaugh primary recognition may be limited in capacity, i
is moi ;:uu_ihk 1o salectively sttend fo cortain auditory dimensions at this stage
of processing, The oulcoms of primary recognition is the perception of some
found at some [oestlon in space. Syntheslzed auditory memory holds the
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ulevane of primary recognition. The storape capacity of synihesized audstory
memary s larger than prepercepiual auditory Monge. Synthesized auditory
memary can hold a number of tems over the Lme span of seconds. Given thal a
sound i slored in synthetized auditory memory with perceptual information
shout spatial location, Joedness, and pitch quality, |t should be possible o
selectively aitend 1o some dimension at this stage of procesming. Secomdary
recopnition Involves an snalysis for meanlag and this analysis should be depen-
dent on the struciural properties of the information in synthesized memory, The
Tollowing experiments were simed at showing that, although seleetive aliention
1o spatial location and tone frequency are not pomible at primary recopnition,
thess dimensiont cam b selectively attended to at the bevel of sccomdary

recognition.

&, Spatal Lazatien

Previous studies of primary recognition have required subjects to process just a
single test tone. In order to compare primary and secondary tecognition, we
ssked obiervert to process sequences of el tomek. First, the expetiment on
selective atiention 1o spaial location (Fig. 3) was extended to monitorng 2
sequence of tes tores (Masare, 1976b), Subjects heard a sequence of 5, 6, 7, ot
& X-msec tones. The fones in @ sequence were either presented to (e same ear
or alternated between the sars. The tones could be presented at any of B rates of
presentation ranging between 20 and 3.5 per second. All of the fones bul one
were 800 Hz. The frequency of the different tone, called the probe tone, was
either alightly higher aor lower than E00 He, The fask was to indicate whether the
probe tane was higher or lower than the other tones in the sequence regardlens
of the rate of presentation or whether the tones alternaded belween cars, The
subjects were praciiced and weee given feedback after each irial,

Subjects should be able to perform this task at the kvel of primary recog:
nition. The squence of tones ean be monilored by listening for the higher or
fower probe tone, If subjects cannot selectively attend to spatial location a1 this
slage of processing, no decrement in performance should be obseeved when the
fanes are allemated between ears selaiive 1o being presenied to the tame ear,

The bottom panel of Fig. 5 plots the peecentage of correet recognitions of the
frequency of the probe tone a3 & function of the rate of presemtalion and
whether the tones ane presented to the same ear or aliernated between ears. The
rate of preseniation is desceibed In terms of processing time defined as the time
between the cnsets of the succemive 20-msec tones. Performance Fmproved
abowl 20% with increases In the sleni interval between suocessive iest fones.
This result demonsirales that backward recogaition mesking also occurs with a
sequence of successive tones, Exch tope in the sequence functions a3 a mosking
tone terminating any further resnlution of the plich of the previeus tone. More
importantly, probe recognition is not disrupled when the tones sre alternaizd
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between the ears relative o being presented to the tame ear, (The advantage af
the tame ear conditien ai the 175.msee procesing inteeval will be discussed
subzaquently.)

The poal now was Lo take thess ame sequences of tones and require Them 1o
ke piocedted af the lavel of synthesized audilory memerny and secondary recopii-
fiom, The task we chos was a couniing task, The sequences weee (he same a5 in
the probe monitoring task excepl that all tones were 800 Heo Accondingly,
subjects now heard o sequence of 5,6, 7, or 8 20-msec tones, reported which of
the four sequences oosurred, and were informed of the number of tones sciually
presented. The top pamel of Flg. § presents the percentage of coméct couints a8 a
function of processing tbme under the iwo types of presentation, Counting
performanee Improved with increases In processing time but at a much faster
rate when the tones were presenied (o the same ear than when the tones were
altemnated befwesn the cars. The deficil in counting perfommanse when the 1ones
are slternated befween (e ears s consistent with the ldea thal perceptoal
dimensions at the Jevel of synthesized suditory memory can be uillized for
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sefective processing during secondany recopidtion, Given that na decrenieinl way
fourd in the menitoeing fask, alternating the tones between (he gars did pol
interfere with the pereeptual resolution of each of the test tones. The decremient
in the eounting task with alternating tones must, therefore, mean thal subjects
have trouble counting or integrating sequences of tones that are percelved an
different focations in space. Harvey and Trelsman (1973) reached similar conclu-
stony fram an anabogous seil of stedies,

B. Frequency

Two additienal experiments explosed the positility that the frequency dimen-
sion would operale similar to spatial Tocation. Thete experiments replicated the
previous iwo experiments, bul the 20-meec 1ones were preseniod bnaurally, and
were either presenied at the same (requency ot allernated between o differedl
Irequencies. The different frequencies were slightly over one oclave apart; the
nofes Ay (4400 and By (988 H2) were used,

The monitoring task requited subjects to lsten for a probe tone that was elther
shighily lomger or tharier than the other 20-msec tones in & vequence. (A changs
in duration produces a fimbre difference.) On each trial, sulbjects indicated
whether the probe tone was longer or shorter and were glven feedback on their
decision. The bottom panel of Fig. 6 shows that recognition improved with
Inereases in processing time and was somewhat poorer at the lonper processing
intervals when the tones alternaled in frequency. This deficit. which contradicts
the experimenial hypothesis is discussed sabsequently.

Thee counting task required the subjecis to counl the Penes in the scquenge
regardless of whether they were presented at the mme frequency or dliemaied
between Trequencies, The top panel of Fig. 6 plots counting performance a5 a
function of the rate of presentation under the mme and aliernsting Mrequency
conditions, Counting performance was sipnificantly pooser when the tones
semnated In frequency relative (o being presented st the same frequency bt
this effect did not emerge untfl the tones were pretented at & per second o
Hower, Analogous to the experiment in which tones can alternate between the
ears, subjects show a deficit in counting sounds (hat have been presented ot
alternating frequencics.,

The monitoring results in Figs. § and & show 2 slight decrement at the slowes
3tz of presentolion In the aliernating relative to the same car of Trequency
comdition, This resull shows that subjects may have switehed to a codiiparison
jodgment beiween succensive fesl tones ai the slowest ate of presentation. In
thig case, the mbjects would be at 3 disadvantage in the aliemating relative fo
the single frequency of ear condition, Consider the monitoring experdment in
which the tomes could altermate in frequency. The change in dumtion of the
probe tone produces a change in Hmbre znd ihe timbee alio depends on the
frequency of the probe tone. To peelform the monitoring lask correctly, sabjocis
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FIG. & Perceninpe of cormel probe jecogmitbons (hattom paocl) and comest cownta {tof
panel) 23 & fupction of peecessing time for each tone. The paramelet indiates whether the
foner weie prewnfed al (he wame fregecacy of ahiemsied Befween (requenciei. (Afier
Maitarn, 1976b,)

would have fo remember the timbee of the longer and shorter probe tones at
both frequency values. If subjecis made successive comparison jud gments, how-
gver, i1 would be easier 1o compare the timbre of successive notes when the
notes 3re 3t the same frequency than when the notes altemats in frequency. An
analogows srgement cam be made when the tones aliemale beltween the ears
fimce a tone of a given lrequency may give o different pitch Empression to one
ear than 1o another. This argement is nol critical for our purposss since Ro
monitoring deficit was ohierved a3t those rates of presemtatbon that gave the
Taspest eounting deficit,

Primary secognition [nvolves the readout of 2 single preperceptual sioee that
receives information from baoth ears and different frequencles. In the monilosing
task, subjests can evaluate the output of primary recognition 1o observe wiether
3 probe [requency or duration was presented. The critical variable b the
procesting time available for primary recognition. Given the central peeper-
cepiual Hore, primary recognition shaws very litlle decremment when sounds are
altemnated betwesn ihe two 2aes of between different frequencies. Szcondary
tecopnitbon, on the other hand, &5 mecessary to abstract meaning from gyn-
thesized auditory memory. Given thal sounds are perceived at dilferent spatial
locations af different pitches in the alternating eondithons, secondary recogni-
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tlon has more difficulty imtegrating and counting these sounds than sounds
percelved at the same pitch and spatial Bocation (ef. Fig. 1) This analysis
Mluminates the differences found in the monitoring and counting experiments
and provides 3 processing model of the slages of processing at which selactive
attention will and will not occur.

tnformation is most easily procesied along o temporal dimension i syn-
thesized auditory memory. The perceptual dimensions such as spatial lecation ar
pitch cannol b= uied to orpadze seditory inputs. If the inpuls from the
different ears could be processed by location rather than by temporal order, e
we wouldn't have expected such a substantial counting delicitin the altemating
ear condition, Subjects would lave been able 1o count the pumber of lones
along one location and then those along the other location, Evidenily, syn-
thesized auditory memory did not malntain all of the iems along thelr spatial
locatbons for the 1 or 2 seconds necessary to perform the task in this way,

V. SPEECH PROCESSING

The tone experiments and this analyss have implicadons for the processing of
speech stimull presented gimullaneousdy to the two ears. Previous investigators
Tave sssumed thai the annlysis for meaning of a list of items presented (o one ear
can be delayed for 1 or 2 seconds untll the list on the other ear is processed
(Broadbent, 1953, 1971; Darwin, Turrey, & Crowder, 1972} One te3t of the
capacity and strociure of symihesized soditory memoey has beea lo puesent
simudtancous [543 of items do differenl spatial locatlons preceded or followsd by
a probe cue asking the subjects to recall some subset of the items. If the items
are indesd maintained along separate locations kn synthesized auditory memery
and semantic enalyss s delayed for § or 2 scconds, cubng recall of the items
according 1o spatial location should produce better performance than cusing
recall along some semantic dimension swch as category name. Semanlic analysis
is not delayed for | or 2 scconds in our mode] but occurs an the order of every
syllable (see Massaro, 1975c). Therefore, we predict that spatial location will not
be & mose effective partisl report cue than calepory name even i the cue is given
immamediatedy afier the test Hits,

In one experiment (Massaro, E9T6e), two Hists of fower btems gach wete
recorded by difTerent speakers at @ rabe of < items per secand. These Hsts were
presemted gmultanecwsly fo the two ears. Each st on each car contained twe
one-syllable words and two letters chosen randomly without replacement (rom
respective master seis of 25 onesyliable words and 25 letters, When subjects
were asked to recall by location the cue indicated whether they should report
the items presented to the left or right ears. When subjects were asked Lo recall
by category, the cue indicated whether they should repore the words or letters.
The exael same lists and cues (pure tones) were wsed in both report conditions,
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The cue was presensed (mmediately after the last items in the lsts, In both
reprort conditlons there were (wo possthle report cues and the subjects were
gequired 1o epord fowr beme Therefore, IF e ilems are mainfained along
Separale audiiory dimensions secarding fo spatial location and semantlc snalysjs
s delayed for 1 or 2 seconds, recall cued by location should be muperior fo recall
cued by catepaey name,

The resulls showed mo advantage of 3 reparl by spatlal loestlon aver that by
category nome when the cue was given immediately after the test izt (Massaro,
19750, 1976c). This resull shews thead the separate s e nol malnlained for |
w2 %2¢ in n peecalegorical Torm according 1o spatial location of presentation.
The spatial location of an item does not appear 1o be preserved n 2 precategorl-
g3l foani bist must be remembered by way of association (tle letter “E™ comes
from tlee lefth b

O the other hond, we might expect that recall by spatial focation would be
megh better if the report cue s given before the test lists, In this case, subjects
g2 ubilize the repost cue during the precessing of the lisfs. Figure 7 presents the
mean nuhiber of items recalled when the location and category cues were given
befare or after the test B, Regall by spatial locafion was much better than

L

[o]w}

& s
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PERCEMTAGE CORRECT

BOF
w LOCATION
o CATEGORY
S0 i
BEFORE AFTER

FiG, 7 Pescestaps of iems gerecily sedalod a1 a fenétbon of whether ibe repar cus was
glven seconds before or immediately after ihe ifest i, The parameier specifies. whelher
seeall wai cued 2eoatding fo spasiad locxiles of eatepary neme, (Afer Maaara, FFT6e)
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secall by category name when the cue was givein belore the sl p1-r5:um|-an.l
Dielaying the report cue uniil immediately after the feal list decreased recall by
spatial location by 25% bul had an imsignificant effect on recall by l:i!cg'l:lh'.:l’
name. Replicating the eardier study, no dilference in recall ogeurred wlen the
cises were given alter the test kst

The results of the partial report experkments clarily the temparal eourse of
successive stages of auditory information processing. Simultznesus Hems ane firs)
stored centrally in prepercepiual storage. Primary recopnition regolves the ilems
at o perceptual level and locates them at different locations in space. Secanlary
recopnition then processes the Hems lor meaning. If the report cue for spatial
lncation Is given before the test list, secontary recognition can -lbr_mu: maos of (1%
processing capaeity (but not all of it) to lems perceived ai a given location in
gpace. In recall by category name, the cue before the list does nod reduce the
processing required by secondary recognition. Each item must st be procesied
for meaning to determine I it belongs to the appropriale categary fiar recall,
Azcordingly, mote ilems can be reported comectly in recall by spatial 1n:_:llnﬂ
than In recall by category name when the cue is given before the fest . I
wubjects are not cued until after the test list, the flems I1='-'_e been processed by
both peimary and secondary recognition. In this case, retrieval by spatial loca-
tion no longer shows an advantags over recall by category name.

VI, SUMMARY AND CONCLUSION

A simplified version of the model proposcd earhier i.!:_!tlnwm in Fig, 8. The m?dd
distinguishes belween three stages (fevels) of suditory processing: defection,
prinsaty recognition, and secondary recognition. The detection of tound refers
10 the listener’s experience that some sound was present. In this case, detection
means the observer is oble o state when sound I present or absenl. After 2
sound is detected, the listener does not necessarily have any information about

PITCH, HAME OF
SOUND LoRIpsE s, MOTE,
PREGENT 7 TIWDRE 7 NS TRULEST ¥

PRILALAT SECORDARY -
- RECOGMTION RECOQHTION

FiG, B Detccilon, primay secopsition, aml seconsdary gecognition slapes of sudibory pro-
CeRKIng.
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Ehe nature of that wund, Having heard g sound, primary recognition refers to
the listener's ability (o resolve some attribute of the sound, such as its pitch,
timbre, loudness, or spatlal location. Finally, the Hstener's abllity io identify a
partieular pitch 24 middie C is called secondary recognition. It is assumed that
the onsets of these three stages of processing ase successive although the stapes
themselves may overlap in time. Given the succesmive nature of detection and
primaty and secondary recognition, & listener might detect a tone but not resolve
Its pdtch, o7 rexalve i3 piteh but fail to identify s name. Furthermore, 5 later
stage of procesing usually doss not occur unbess each earlier stage is sucoessful,
Far example, the pitch of 2 sound could not be resolved without detection off
the sound,

The stage analysis appears to provide a worthwhile heuristic for studying
capacity limitations and selective attention effects In suditory processing. Al-
though primary recopnition may be limited in capaelty, it may not be possible to
selectively attend to eertadn dimenslons of sound at this stage of processing, On
the other hand, integrating successive sounds at the level of secondary recopni
ficn is dependent on selective altention 1o dimensions of the sound seqguence.
Therelose, sebective attention 1o some suditory dimension con facilitate pros
cessing for meaning. Given that the analysis for meaning Is not delayed for 1 or 2
scconds, fiowever, retrieval along an suditory dimension shows no advantage
aver refrieval along a semantle eategory when the retrieval cue is given Eim-
mediaiely after the auditory Input,
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