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ABSTRACT

Discrimination between the pitches of tones presented
in a delayed coﬁﬁkbl%on task is dependent upon some trace nfR
the target (standard) stimulus being aQailable following the
retention inter§al. Presentation of tonal stimull during
the retention interval has been éhovn to interfere with
pltch discrimination. Two theoretical models of pitch
memory are reviewed which are contrasted by the assumptions
regarding the effects .of the intervening stimuli. Within
the‘associutive strength model, 1t is probosed that the
lntérvenlng stimuli do not interfere with the memory trace
of standard tone but rath;r provide the opportunity for pure
trace decay to operante. In contrast, the assumptions of the
storage—-forgetting model state thut.stimqll‘occurrjng during
s
the retention interval actively affect the memory trace and
that the effects are a function of the similarity between
the standard and intervening tones..

Two experiments -are repor?ed which examined the effects
of tonal stimuli within the rgtention interval of 1) a
forted choice, pitch discriminétlon task, and 2) a task
féqulrlng Judguentslzf the difference in the pitches,ot‘the
‘standard and a comparison tonee.

The experimental par;digps of the two tuéks

corresponded closelye. In each, a standard (S) tone ‘was

presented for a brief interval, followed by a fixed reten-

—iv—



tion ifiterval, and the presentation of a comparison (C) tone
frequency. Thg'retentlun interval was elither free of other
tonal stimuli (blank) or tilled with an intervening stimulus
(I tone) whose similarity fq‘the S tone was va}led
systematically. In the first experimenf, Se were required
to Judge fhe S and C tones as "same" or "different." In the
second experlment, Judgments of the mng?itude of the
‘difference in the pltches of the S and C tones were
requlred.

Discrimination of the diiference'bétween the S and C
tones (Exp 1) was 1ntluehced by presentation of an I tone.
Interference was a function of the similarity between the S
un& I tones but dependent upon the location of the I and C
tones relative to the S tone frequencye. Substantial inter-—
ference was producgd by placing the I pnd C tones in
oppﬁslte directions of (contralateral to) the S tone
frequencye. If the I apd C tohes'&ere located in the same
dlrgction from (ipsilateral to) the S tone, interference was
evidenced only in ;ertain circumstancese. The source of this
asymmetry of S and I tone similarity 'as'discussgd 1n;fgrms
of predictions ot the>storage forgetting model. T

Judgments of the diftterence in the pltches of the S and
C tones (Exp 2) were influenced by the slmllarity between
the S ang I tongs.v However, the effects were not congistent

with apparent derivations of the storage-forgetting model of



pitch memory, nor would Jjudgments of plitch difierenée

predict the results of Experiment 1.

Four main conclusions were drawp

.

-

1) Presentation of an I toné'may
subét&ntially with.thc d1scrimination

2) £he‘e1fects of the I to;e‘are
ogly its similarity to the S tone but

frequency ot the C tone,

3) Judgments of pitch difference

from the data:

interfere
between S and C tones,
dependent upon not

relationehig to the

appear to be indepen-

dent of performance in a forced choice discrimination task,

and

4) The eftfects of the I tone upon dlscfimlnatlon in the

forced choice paradigm are accounted for most reasonably by

assuming it influences the 9'*s decislion-response crlteria

rather than the memory trace of the S tone.

—-vi-
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INTRODUCT LCN

Although ignored traditionally %n theory and
methodology, memory appears to play a-signltlcant role in
most, if not all, psychophysical judgments. When subjects
( Ss) fail to evidence_'errors' in judgment or variability
in scaling stimuli, failing fo consider factors such as
gstorage, retrlegal,rtorgetting and 1nter1erenée may be -
Justified in terms of theoret;cal pﬁrslmony. However, when
performanée is less than 'perfect! the need to include
factors relating tohthe processeé of memory becomes more
lmperativé. Psychophysical judgments usually have been
considered to resylt from the marping of stimuli onto an
or¢ered psychophysical continuum chresponding to the
regponse set. Confusions (errofs)h;re seen more asbkhe'

. J A
resulr of properties of the Bt}muli than qr?o?s within
eitﬁef the mapping (storage)‘;r regsponse (retrieval)
'systegs.' .

A number of individuals (e.g., Wickelgren, 1566, 1969;

Massaroy_ 1970a, c; Deutsch, 1870, 1972a, b, 1975; W. Siegel,

i972; J. Siegel & V. Siégel, 1972) rgtently have qu;stioned“
the wvalidity of these assumptionse. For example, the Slegcla
(1872) have suggeste% that a strong parallelism exists
between the paradignms anh ﬁnderlying'processes of the

absolute judgment task and that of paired-associate



le&rning. Kather than considering the source of errors as
within the perceptual system, they argued that confusions "

~

may reflect the influence of such factors as practice,
N

memory load, chamnel capacity, decay and interference. This
apparently heretical suggestion (cfey Lesﬁowitz & Green,
1974) aligns paired—-assoclate lenrn;ng and psychophysical
tasks vifhin virtually the same theoretical frameworke.

Consider, for example, the delayed gomparlson. pitch
discrl.lnntion taske In this grocedure, S8 are required to
Judge the plfch of tvp tones pregented successlvély and
separated by,a brief time interval. Since the first
(standardbor S) tone is not phyélcally present during the
presentation of the second (comparison ;r C) tone: ;he dis—
crlmlnqtion gprocess must rely upon some retained percept of
thg S tone. Hence, the discrimination task becomes a recog-
nition-memory parad¥gn (W. Siegel, 1972) and shares a number
of fundamen%al characterigtics with the variety of recogni-
tioh tasks involving verbal materials, assumed to assgsess fhe
‘cgpnclty and capabilities of the memory sy;tem.

Theorles ofvhunan memory are concerned with the

;

processes resgonsible for changes in the post—perceptuat re-
tenthn of events as a funqtidn of the length of the refeh—

fion 1njervui or events occurring within the 'interval

(Melton, 1863). This thesis explores one area othhe domain
B - .

of human memory; specifically, the memory for (or retention

of) the pitch of a tonal stimulus. Two alternative models

of pitch memory will be presented in detail. The experi-



ments to be reported are concernéd with the influence ot
events occurring within the retention interval ag8 they
influence tre short—-term memory for pitch and the ndequac&
of the theories in §ccount1ng for these effectse.

. The use of non—verbal stimuli in stﬁdles of human
memory has not recelved'thé.attentlon afforded to verbaliy
encoded events.v The basic nssﬁﬁptlon underlying.thls thesis
is that fﬁe pitch discrimination task offers ; valid
alternative to traditional verbal paradigms in the s&ud; of
the basic processes of human memory. It may ﬁrove to be
preferable‘in certain circumq}ances. |

Rehearsal of the to-be—-remembered items usually has
been cited as the mechanism responsible'for the lack of
forgetting within paradigms involving brief exposures of
verbal stimuli and éhort retention periods; i.e., short*férm
mémory (eegey qugn, 19583 Broa@bént,l1963, Bernbach, 1970,
Atkinson S Shiiffrln, 1968; Murdock, 1972). The effect of
rehearsal is not as clear when the to—ﬁe—remémbéred items
are "mon-verbal" (Bernbach, 1967). ‘Typlcally, inetfuctlons
to rehearse (e.gey ;hum") the S tone during the %etentioh
Anterval.hdve not produced substantiai increments in recog—
nlflon performance and in some cases has led fo reduced dis-‘
crimination (cfey Wickelgren, 1966; 1869; g;ssaro, 1970a).
ATpls m§y.résu1t from either limitations of the'épeech-motor
system (Thurlow, 1971) or the fact that the char;cteristics
;f tonal stimuli are principally non—-verbal for most

’

listeners (J. Siegel, 1974). V¥Yhen the goai of an experiment



"~

is to isolate effects arising from length of the retention
interval or events occurring within the interval, it would
be advantuaeous‘to eliminate eipllcltbor lmplicit rehears#l
of the to-be-remembered items. The delayed comparison,
pitch'reCOgnltlon task, then, appears to offer ce;taln
advantaaesnover traditional verbal paradigms.

Pitch and Recogplition Memory

The pitch attributed to an auditory stimulus is8 the.

<

result of a complex péychologlcal processe. While pitch is
clearly related_td the frequency or perijiodicity ot the
sf%mulus (Thuriow, 1971),.1t is also dependent upaon
1ntensity ( sound pressﬁre) and duratlon‘of the stimulus, as
well as the presence of harmonic frequencies and character-
igtics of the source (e.ge, tiqbrei (Wl;htman.s Greeny
1974), and "motivatlonal" factors of the listener (Thurlow,
i971). A number of theories have~been advanced to account
, . i
for the perception of pitche. These have considered the
relati;nship het'een'trequency of the stimulus and the
locale 61 activity along the basalar membrane of the ear
(von Bekesy, 1947), the character §1 cortical neural
activity \Ievér 6§ Bray, 1930), and the selective analyzing
. \
system ofvthe ear ( Schouten, et al., ;962)' toc name a Iei.b

Although each model is capable ot\accounting for pitch

perception within limited boundry conditions, two things are

evident: :
; . N |
First, the operations by which the auditory system
extracts pitch from an acoustic stimulus are
anything but simple; and second, we still do not



know what those operations aree. Pitch perception
is still very much a mystery (Wightman & Green,
1974, p 215).

There appears; however, to be iittle reason to question
.

the process or the adequacy of the theories of pitch
.peréeption within the context of the present papere.
Previous literature in recbgnltlon memory and p;tch dis—
crimination typlc;lly has ignored these issues. The stimuli
employed in these tasks usually are sinosoidal, pure wave
vformé of conparable lnﬁenslty; In these cases,; perceived
plitch 19»0 direct function of theiperlodlclty of the signale.
For the range:ot frequencies usually employed, most og the'
alternative nodeis m@y accommodate the process of pitch |
perceptione. |

-Beyond this, howeveri ijs the necessity of a theory of
memory to etfectively explain the perceptuai PrCCeESe
Should investigators of pltch~rec;gnltlon and diecrimination
be'required tobdevglop'addhuate theories pt pitch
perception, might we also require that those who employ
verbal materials be capable of adequately explulhing the
perceptual grocesses which precgde “gtorage" and retention;
e.gey reading, ietter and phongme selectiony and other
afﬁriﬁutes otbthose‘;timuil thch are presumably encoded by
the 87

f"Recognition® and "41scr1ninnt1§n" ot pitch frequency
. are enplo&ed as 1nteréhangable terms wifhin the literature.

‘While experimental tasks may differ somewhat, a cosmmon



‘process appears to warrant this usagee. Wkth both recogni-

|
tion nnd delayed—cdmparison,discrimlnatlo&\paradlﬂms‘tﬁe ]
is requléed to coupa;e the presented (targ%t)stlﬁulus
against some retained representative of A p¥évioua stimuluse.

The distinction between the two tasks appears to be in terms

of what responses the § 1s required to‘muke. In a diacrlml—

/

. ‘ .
nation task, one is interested in whe¢n the takget and the

standard are "different" or distinguishable, while for a
f;ecoénitlon task, the focue in on cases in which. the two

N mstlmull are lndistingulshqﬁle. ~For purposes of the present

S

h] .paper; the terns'tétogﬁ;flon and discrimination will be
employed to dls*lggﬁlsh among the task demaﬁds of the |
gxpeéimental sltuatldns, but a common set of processes will
be assumed for both tagks.

Iimg;g;xgi.' 5Udgﬁents ofltﬁe 1dfenslt§ (eagey
loudnéss, pitéh, veiaht.rlength) éf‘n sflmulus_{end to be
influenced by the interval between présentation ot the

standard and the comparison Jjudgmente. This phenomenon was

initially identified as a "time—errot" resulting from the

a retenti- _~terval (Whipple, 1901; Kohler, 1923; Pratt,
.1933; =t Areas,; 1860, and Underwood, 1966). These
érrors wer :umed to result from a constant influence of
time 1por. remory trace’ of the standard atiqulus
(Wolfe, 1&5¢:° i A 933) and were typically VYpositive!" in"
nature; i.e. r txl; in augmented‘Judguents 61 the -
comparison stir @ _u:r - A number 5f mechanisms were proposed

P

to account for time—=z.rors-.



Decay of the memory lmoge- Angell € Barwood.(1899)
report a study by wWolfe ( 1866) on the "Comparison of
Clangse!'" The results of that study ahowed that "with no
difference 1in vibrations [Irequency] between the norm
[ standard] and [c;mparlsoﬁ] stimulus (D=0), the proportion
of correct judgments w;s large with smnll‘time intervalsy
and fell .offt wl?h increases in time o« « o [with the
étandurd and comparison atimuli different, the correct
responses] aectensed with . time, fhouah not as much as for
p=0" (Angell & Harwood, 1899, p 72). In addition, Walfe
reported a poeitive time~error in the Judgments of his & o«
Ae concludéd that "these results eare due to the fact that
there 1is A tendency to estimate the memory image, owing to
its lessened intensgity, as lower than an actually heard tone
‘of the same pitch" (cited 1in vhipple,‘léOi, p>413)-

fvo experiments py Angell &€ Harwood (1899) repllcate&
Wolfe's (1866) results. A general but 1rregula¥ decreasge ;n
the pefcehtage correct digcrimination Jﬁdgments over*thé re—
tention intervals was notede "As far aé these reéﬁlts g0y

ithireiore, no law can bpe laid down in regard to a decrease
in accuracy of theAso-callea tone memory for intervals up to’
60 seconds [when the S and C tones are different] o« o o o
Oﬁ the bthér hahd, there is a very.murked Iatllngiotf in
accﬁraéf for Jjudgment with increase of‘tine [when the S and
C tones are the same]"™ (Angell & Barwood.-1899, p 76)e |

Partial cphtirnation of Wolfe's (1866) findings were

evidencede.



"Wolfe had proposed that the recognition (or discrimi-
nation) judgment involved a "memory image'" of the S tone.
"Fidelity of the memory image'" (Whipple, 1901) was assumed
to decrease exponentially over time in a manner Qslmilar to
‘Ebbinghaus' law for the forgetting of nonsense eyilables"
(Angell & Harwood, 1899). Similar to the propocsals of
latter day decay theorists (e<.gey, Brown, 1858; Peterson &
Peterson, 1959; Norman & Wickelgren,.1965; w1cke13rén, 1966,
1969), recognition was impalired by the weakeninn trace of
the S tonee. -Angell & Harwéod (1889), however, suggested
that Wolfe's assumption of a memory image was nét clearly
‘"evident from recognition data. Trey interpreteq their
results as.representlng the effect of "a marked difference
in method ot judging"® (p 76) as a function of the retention
interva;, rathef than'thé gtiects of time upon a decaying
;emory image of the S tonee.

Similar conclusiéns were drawn §y Whipple (1801). Iin
one experiment (Part I, pp 416—446), Ss were instructed to
attend closely to the "1n;ge" ot the S tone throughout the
retention period (from 2—- to 60-sec). This usually regulted
in the incorporation of’haﬁxlllary memory aids; [the §]
vigualizes the instrument, contracts his throat with
inciplent humming, and e*hlbits all thqse muscular phenomena
which characterize active attentlonv[rehéarsal] . o o o 4
Despite these effects attention must wain, and with

attention, the [auditory] image" (Whipple, 1901, p 444).,

Even with the aid ot "rehenrsaf}" a general decrease in



accuracy was noted over fhe increasing retention intervals;
most notably.when the S and C tones were identical. The
most frequent error was in Jjudging different tones as equal,
And the frequency of this Juhgpenf ;ncreased with length of
the retention period.

In another experiment (Part II, Series IV), §s were
"distracted" from rehearsal by attending to‘the images of
particular odorse. -Introspeétlve repdrts of the
effectiveness of the distraction task were compared against
the discrimination Judgments- Nore errors were é&ldenced izt
the S reported no image of the S‘tone &urlhg the retentioq
period, but reinstatement of the image during ﬁreagntution}
of the C tone "ig of little avalivfor'the purposes of
comﬁarlson" (Whipple, 1901, p 456). . ¥Vhile the imange of the
S tone may kecome less available to congcious réhearsal - er

L4 _ :
tlﬁe, "this decline or loss of the auditory image does no~
necessarily imply a correspond;ng'decllne or loss of various
supplementary features which played a part in .the [discrimi-
natiaon process]" (p 444).

It i's somewhat 1nterest1ng'thnt, Although Whipple's Ss
were instruéted to rehearse the § tone} they rareiy reported
using its i.a&evin the discrimination Judgﬁent. Instead,
they regported the use of fvisual-spatial® rélafldns between
the tones, famwiliarity, or a "complex 'something' which
stands for 'high® And low! [piteh]" (Whipple, 1501,.p 445).
While both Angqllks Harwood's k1889) und‘Whlpple‘s (1901)

experiments produced evidence which was consistent with
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WOi;eﬂs (1866) conclusion regarding the decay function of
the S tone trace, there was some doubt that the ''memory
image'" of the S tone was cruclal for the dlscrlminution
JJudgment. Given this, it is rather surprislng.to see the
maintenance of image—-decay interpretations through
subsequent interpretations of time—error.

Assimilotion—-interferepce. Kohler (1923) subsequently
reviewed the evidence ot:"lmagelees" dieérlmlnaflon and
brovlded an altérnntl;e interprétation of the proceg€s.
Sihﬁly stated,-ppesentafion of the S tone established not a
memory lnag; of the pitch of the tone, but a phenomenal
impreesion of its ;ttrlbuteé relative to some "“standard."
Through experience 'ith_a particular set of stimuli, £s

- 4 ‘

develop a scale of the range of the att;ibutes. A tone is
percelved as "high'" or "Ipw? on the basis of a sfandard \
established for pheno-enal pitch (Ksﬁler, 1938, p'270).
Discrlnination between~fhe tones was assumed to be made on
the basis}of»the'"relatedneés" or "transcendence'" between
the phenomenal impressions (Eohler, 1938, p 272), rather
than In terms ot a reinstatement of the memory image for the
S tone., The S tone was seen as turnishing a background
against which the C tonmne 'asvcompagtd: a background retative’
to the phenoﬁenal styndarde. Time-errors in judgments were
explained by a "sinking" or decay of jhe “"hbackground" for
the copparisog—Jud.ment (Kohler, 1938) over the ;etention

intervale. In ter aglmilar to the decaying memory image,

this would surposedly lead to a positive time—efror.
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Lauens£§fh (1932) provided.evldence, which on the
surface contradicted x3hler;s proposition, but pro&lded some
aupport Ior‘tpe role of A~ph§nonenal background in
comparativg Judg@ents. If the interval betwgen the S and C
stimuli was filled with some other‘stlmulus of the same
modality, time—error was a function of the intensity of the
interQenlng sfimulusw If the intervening stimulus 'aé
higher ("gtronger") than the S stfmﬁlus, a positive time-—

. n : .

error'Qus notede On the other hund,iﬁ loier {("weaker")
stimulus produced nedatlve tlme—error; Lauensteiln (1932)
concludéd that the effect wds not due merely to the
"ginking!" background téhce, but "rather a proceesg of

, _ . . \ ,
gﬁgijllgjjgn'aolna'on between the trace and the neural
effects otfsurroundlnj {intervening] stimuli" (Pratt, 1933,.
p 294).

Experluents by Pratt (1933) contirmed Lauenstein'e
_assumptions¢ If the lnterval between S and C tone% was
‘tilled,with a more lntense,(loud) stimulus, the difference
llmen.fqr 1o§dness 1ncfeased.' Likewise, following presenta-
tion of a less intense Lntervénlna stimulus, the diiierénce
-11nen.decreused. ‘The results we;e completely iﬁ accorq.vith
the asslnilatlon hypothesls. Lauénstein;s hypothesis (1932)
yas incqrrect, however, in 1its predictlon of the eifects of
a blank retenflon interﬁalé Judguehts under,these
conditions did n;t ahéw the gre#test time—errore (assumed on

the basis of assimilation to .the least intense tackground)

put, instead, were between the two other conditionse. Pratt

9

{

¢
AT
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(1933) cancluded:

The etfective comparison-value of the first member
of a pair ot st#auli presented for judgment with
respect to intensity decreases in magnitude f over
the retention perlod], unleses the impression from
some secdndary stimulus constltutes an integral
part of the comparison field, in which case the
compariscon-value of the first stimulus becomes a
function both f time and the magnitude of the
gecondary stimulus relative to the first
comparison—-stimulus ¢(p 287).

’ ® - ' . - .
~Thusy in addition to some decay process, events gccurring
during the rétentlon.lnterval couldllnteriére with the
process of dlscrlmlnatlop. Similar views'*erg to be :

expressed by a number of later theopisfs-(e-g.. cheoch;

183235 Underwood,, 1957; Meltan, 1969; Massaro; 1970a, b,
1971; Deutsch, 1870, 1972a, b, 1873a), although evidence in

support of an interference theory tor’tohalustimuli;-as

FIN

sparse and €quivocale. Firat,jvery-tew étudLes have .

conslderéd.gystématicqlly_the etfects of various intervening
. ‘ ) , ) o .
gstimuli. _Secdhd;’the regults of studies varying length of

the ?eténfiqd interval. have n-* provided clear evidence of

forgettlﬁg. |
Poétnan (1945), for example, foénd that increments in a

blank rqtention interval led to an 1ncredse§ d{!teregce

limen but did not alter the "point of stheétiVe equality"
. L . ‘ ) ‘

(cfey Dember, 196S5). SUCh'evldgnce would supéorf either the
‘ i

positions taken by Angell & Harwood (1899) and Whipple

(1901),.or &hose‘ot‘xzhler (1823), Lauenstein (1832), and

Pratt (1933). . ¥Vhen the-éefentidn(interval was filled with
- | N

an intervening tone, Postman (1945) found no evidence of .

&
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time-error; results tﬁat are inconsistent with an

assimilatlaon hygothesis or the general propositione of

-
)

interference.

Harris.(1952), Bindra, Williams & Vise (1965), and

"Moss, Myers & Filmore (1970) noted a decline in the accuracy

of discriminaution as a bl;nk retention 1nterv&l was
lengthened. Aiken & Lau (1966), however, found that the
percentage correct dlac}llina;logé were unaffected by length
of the retention interval, and Irwin (1837) noted an
iiérease in correct disdrimination ove; the retention
perlod. Harris (1952)‘hae identified procedurai vur;asles
which uﬁy account for.these'Qnamolous findings; in
purtlgular ﬂhamuse of a single standard tone frequency has
been suggested as qstabllshlng condli tions of an absolute
Judénenf fask (cte., W. Siegel; 1872). - |

Béth thekﬂindra, et al. (1965) and Alken_S L;u (i966)’
sthdles reported evidence of increasing "false déteétions"
(identified as al"dliierent" response when the stimuli are
identical) over increasing intervals of retention. Bindr;,
et ale (1965) interpreted these errore as respresentative of
an alteration in the s Judgnengal process (cf., Angeli €
Harwood, 1889; Whlpple,}lSOa). Srecitically, §e/'er§
as;uned to hi varying ;pelr decision criteria as a function
of the,lnter%éné 1nter;al. A gimijilar 1nterpretat{on was
considered by Aiken & Lau (1866). Noss, et al. (1870) found
no  evidence in support of differential response criteria

x

('response tias'), however, and interpreted the decline in

o
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accuracy as repregsentative of trace decgy.

Wickelgren (1969) has falled to acknowledge the effects
of intervening stimuli and has re jec ted euggeéiions of
differential responge criteria in favar of a trace decay
nodel; Massaro (1970a, c) has brovided evidence Interpreted
to indicate both trace decay over the retention period and
retroactive interference eftects oﬁ.the intervening stimuli.
chkelgren's and Massaro's research will be considered in
detail within the context of their reébective madels latere.
A number of recent studies have been devoted to "pitch
memorys.'' Of these, hoiever, ;nly a few deal sBpecifically
with tge issues of retention u;d.iorgetiing, énd the
retroactive etfects of events during ;he‘retentioﬁ 1ntérval.
Locus of Interference

While pnresenting an "1nteriereﬁce" (I) tone durlng the
interv‘lﬁéet'een S and C tones aprears to affect the dis-
crlmlnntigh pPTOCesEs, it is not clear at 'ﬁat level the |
effect is evicencede. Leshowmitz & Cudahy (1973), for
example, have reported that presentation of a "trailing"

<

(rekroactive) I tone resulted in reduﬁed frequency discrimi-
nation (increased "alscrinlnation thresholds" ) when the s &
I tones were presented‘to the same eare When the I tone was
presented to the opposing ear; né such decrement was notede.
Maésaro (1970d),,howeve}, reported two experiments ( Exp II¥V
IV) in which.a “"masking tone" presented to the orposing ear
piroduced decrements im pitch discriminatione. Similar

E}tects were noted when the tones were présented rinaurally
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¢ Exp I).:‘Since the "S—tone" was presgented for a very. brief

inferval (20 msec) and the intertference effects of the
"masking tone! were limited to S and I tone interstimulus
intervals (ISI) belpw 80 meec, Massaro condluded that the
"lnte;terence tone prevents of limits the perceptual
processing of the image of the the‘test (E&) tonee. The
results also suppbrt thg hypotheéis that the apdl*nry image
is located centrulpy rather than at the receptor tevel" '

(1970d% p 416). Leshowitz & Qudahy's (1973) results suggest
4

‘that the locus of the etfect 18 not central but rather

a*tribbted to peripheral mechanisms.

An addltional‘study’(Cudnhy & Leshowltz, i974, Exp 1) .
failed to tind support for the assumption of perlphéral
interference effectse’ In that study a 20-msec signal (S
tone ) was randonly presented to one ear, iolloved by a S00-
msec interference tonevto fhe‘oppos}ng ear,y, and a cohparison
frequenéy{ The difference befweeA S and C tones was
selected for ‘each 98 so that the'probapility of correct dis-—
crimination in the absence of the I tone was argp ~xilmently
«80. Substantial reductions (approx 15%) in tﬁé rroportion
o£ qorrect recognitions weré evidenced when fhé 1 tope was
prqsented at least 80 msec following the oifsét’oi the S
tonee In a second experiment (Cudahy & Leshowitz, 1874, Exp
I11) thé S tone signal was always presented to the same ear
and the S aﬁd C tone differences were selected»éé that
correct discrimination was 90% in the absence o{ theiI tonee.
Although.hot as substantial as those repcrted in Exp I, pre-—
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seniatlontof the I tohe produceq decrements In the
proportion of correct discriminations.

This evldgnce appears to sugqest thuf even the lnifial
processing of pitch occurs at a more cent;gl than pe?lphernl
‘level. At leasf it is clear that interference in processing
and attgntlon may be produced by events within a "sensgry
channel" which is berlpherally lncerendent of that receiving
the signale. Yet, the effects of interference appear to be
dependeﬁt—xp-a4gpeat extent upon‘the specific modality of

the eventa.

Specificity of ipnterference. MNMassaro & Kahn (1973)

report a number of studies which "indicate that the
perceptual rrocess [sic] ot recégnitloh requires some
central proéessing‘cnpnclty" (p 58), and that demands for
processing affect pitch recognition. In two experimenfs
(Exp I, 1I1) Ss, éreéented either a saw-tooth or sine-wave
form, were required first to rerort the qualitg ("sharp,"
dull" ) of the test stimulus and then the duration ('short,"
Mlong") of the interference stimulus. Performance was ‘
unaffected ty the presentation of a light as tée "masking
st;mulus." Bowever, if the interference stlﬁulus was a
square-wave tcne, identification of the quality oi‘the test
signal was severely reduce?;' Again, the effect 1nteructéa
;1th the interstimulus interval (ISI) between the signal and
I tone, -ith performance‘uatchina that of the light
condition only at 1ISIs greater that 180 msec.

In two subsequent experiments etfects of the
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"proéesslng load" on stimulus identification were examined.
In one experiment (Exp III) S8 were required tce ldentify the
quaLity,oi.the test tonme, or both the quality of the slgn;l
vand the duration of a coincident ylsual dié*ructlng ‘
stimuluse. Having to identify the character of the visual
stimulus had no effect upon the correct identification of
the test tone. If, however, the duration of the vléual
stimulus was lengthened to either 100- or i60~msec (Ex? iv),
parallel etfects were noted under bqth identification
conditlon; for ISIs be%weeh O0- and 120—-msece. .Beyond that
interval, having to ;ttend to the visual étimqlus reduced
‘performance. The requirements placed upon the £ in
processing the distracting stlmu}us 1imlt‘the time aQuilabie
for the procesging of the test tonese. Bence, Idéntlticatioh
performance ieg reduced, not as the r;sult of direct inter—
ference with the auditory image, but as tbe'result of limits
in the capacity to process info};atlén.

Massaro § Kahn stress that etfects of procegsing
capacity and -odnlity-speciiic‘1ntérference are "located in
the percertion stage rather than ano%her stage of
information prdcesslng“ ilS?S, p.57): Deutsch (1970),
however, has rresented data which suggest that the e!iecfs
may be located well beyond that level of processingy, as
well, Her S8 were prgsented a 200—mse§ S‘tohe, followed by -
a S5-sec retention period, and a 2C0-msec 2 tone to bé Judged

"sSame!" or "gitferent" than the S tone. The retention period

was filled with either a series of five additional tones or
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the sural presentation of a number seriese. The S and C tone
differences (between 16—~ and 29-Hz) were correctly
recognized in 78% of the cases when the retention interval
contained tre tonal series. Performance was only sllghtly
affected by presentation of the number series (G8%) or when
the S8 were required to recall the numbers (95%). The
results were not a function of the Ss focusing on the recall
of pitch and 1ailing to attend to the number seriese. The
accuracy of number recall was 75% when the Ss had to also
recognize the pitch difference and 73% when the §s had only:
to recall the number series.

Thus, memory for tonal pitch Is considerably

disrupted by other tones. However, since the
"requirement to remember numbers, spoken at equal
loudness produces only minimal decrements. in the
ide.tical pitch—recognition task, this disruption

cou'c not be due to general factors such as

prevention of rehearsal, limitation in information -
storage capacity, or displacement in short—term '

memory in which all items are given equal weight
(Deutsch, 18970, p 1604). .

These results:suagést thaty, at very fundamental levels
of processing, infeyference effects are modality-speci&ic-‘
Bowever, 1! time 1s provided for tonay ;ti-ull to be
processed beyond jhe "perceptual" léyel, events appearing in
the same modality will lead to 1n¥erterenée only if their
processing reqylres facliitles of the sysczg retaining
pitﬁh.ﬂ The effects of presantlﬁg tonal stimuli during
internediate—tgrm retention intervals (Massafo, 19705,»b, cs
Deutsch,, 1870, 1872a, b, 1973) clearly indicate the presen%e
of thié specltic effecte. An intefestlng éet of studies by .

<



Je. Siegel (1974) serves to'emphaslze the role of the
encoding modality on effects of retroactive stimuli.

Stimulus epncoding. Contrasted with others, individuals
with “absoiute pltch' are capoble‘ot 1dgntifylnd virtually
any musical note without error. In addition, they are
capable of making discriminations between musical notes more
accurately than Ss with comparable musical traininge. Yet,.
if the ditferences between S and I tone frequencles are
‘reduced considerably, absqlute pitch S§s show no ketter
ability to discriminate pitch than control Ss (J. sxégel,
1972). . Bachen (1954) hypotﬁgslzed that absolute pitch Jas
associated with the S§'s ability to encode the tonal stimuli
ag verbal nnenoﬁlcsAof the musical scale rather than as
"frequency rfpfesentatives" along the pitch continuume. " Je.
élegel-e study sought a test of fhis propﬁsltlon.m

In ohevexperiment Je. Slegel (1874, Exp I) provided Ss
with a 1-sec £ tone, followed by a S-sec retentlén interval
filled with 18 taones ‘each pfesented Ior_250 msece The'ﬁé
were then presented a C.tone dliiering from the S tone by
either 1/10 of 5/4 of a semitone; approxe. 1—- or 10-Hz,
respectively. The proportion of correct discriminations ot
the 1/10 semifone dliiéreqcé ta;ied to difter reliably
bpetween absolute pitcﬁ (.695“and contrél (<65) Ss. If the S
and C tones were separated by 3/4 of a semitone, however,
‘absolute piltch §s corfecfly identified the diiference in 7%
of the cases, while control Ss>vere aﬁle to dgtect‘the

difference &84% of the timee.
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Two additional experiments comﬁliueﬁted these results.
In one condition (Bxp 1II), the Ss were asked to identify an
S and C tone difference of 1/10 semitone following a reten—
tion interval lasting S—, 10— or 15-8sec. In thé other

) .

condition (Exp III), the difference between the £ and C
tones was one semitone. For both experiments the retention
interval was filled with successive 250 msec tones. As the
retention interval was increased, discrimination under the
1/10 semitone ccndition decreased in a parallel fashion for
both Ss with absolute pitch and controi Sse. When the )
difference between the S and C tones was one semitone, the
absolute pitch Ss were capable of correctly-identifying the
difference after a 15-sec retention period in 82% of the
casese On the other hand, performance of the control S8 was
86% correct qlscrlminations at the shortest retenflon
interval and drogped to 70% for thé 15-sec interval.

The processing of information by Ss with absolute

pitch appears gimilar to the way in which most of

us encode complex verbal materiale. Presentation

of the stimulus results in the fcrmation of & raw

sensory trace from which information is lost

“within a few seconds, unless the S is able to

recode it and rehearse it verbally ..« « « For

most ot ugy, stimuli drawn from the sensory

"continua , such a pitch or ltoudness, have

virtually no reliable, easily rehearsable

associations. For'thls-reason these materials

(are) « « « sSubject to the rapid forgetting that

is typical of the sengory mode (J. Siegel, 1874,

re 42 - 43). : )

The "specificity Jt interference'" effects (Deutsch,

1970), however, would seem to izsply that pitch is not

retained in the "simple sensory continua™ proposed by
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Je. Siegel (1874). If J.VSIegel were correct, cu;al presen—
tation of any intervening material should interfere with the
refentlon of pitche. But Deutschf®s (1970) data are
lnconsistent‘wjth th1s predlcitlon. What J. Siegel's (1974)
data may indicate is that the type of proceéslng performed
upon sensory events afggcts the ability of the Ss=s to avolid
the potentially ;nterferlng ejjects of the intervening
stimuli. The fact that an aurally presented series of.
numbers falled to lnterterg with pitch recognition (Deutsch,
1970) may reflect fhe di tferentlal processing efforded
verbal and non—-verbal units. Processing and retaining the
number sequence.talls tb‘lniluehce'the;retention of pifch
simply due to the fact that, except ut_thé initial stages of
identitication and classltication (Broadbent, 1863; Norman &
Rhumelhart, 1¢70), vefbal mate;lal is prﬁcgeaed and retalned
by mechanisms which are lndependent of those retaining
information of tonal pitche.

The’precedlgg evidence provides a rather complex
picture of plitch uemor&. Wh;l? the decline of recaognition
~and Qiecrinidatibn ﬁetiornance over the blank retention
interval may ﬁe attrlbﬁtable'to functicons of decay, events
occurrinﬁ within the interval between the S and C tones may

B lQ
intertere with the process, as well. It is clear that:the
effects of the intervening stimuli are, themselves, aftfected
by the partlcular character of. the task, their modality and

the partlcular abilities of the S. The issues dividing

decay and interference theories of bltch memory are no less
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complex than those separating the general theories of
memory.

In the following sections, two recent models based on
conflicting theoretical stands are reviewed in detaile. The
associative strength model (Wickelgren, 1869) includes the

tenets of trace-decay theqry gnd has certain characteristics

in common with the earlier progpositicns of ~ 1fe (1866).
Alternatively, the strength—decay model (Mar u: - 19702, c)
loosely incorporates the general propositions . terfer—

ence wlth those of decay to A¢couunt Ibr the re 1gan. *ion
Proces se. It iill be shown, in sutksequent sections. ti,t the
strength—-decay model leads to predictions of interfer« o
which are analogous with the proposlfions of an usslﬁilation'
hypothesis (Lauenstein, 1932; Pratt, i933). It would appear
quite simple to couch the thrust of this thesis in the
‘regsolution of the decay yg lnterference controversye.
However, preliminary evidence vhich‘w;ll be rev}ewed makes
it clear that a solﬁtion‘ls not readliy availablee. Indeed,
it is uﬁéertaln whether either of the alte;native theories
is appropriate, provided tﬁe available evidence. What is
apparent, however, is that ﬁny model thuf is proposed‘fo
accgunt'tor the_processeé oi‘discrlmlnation and récognition.
must provide a explanation of the intluence‘éf events within
the‘}etentlon.intervai. "How these qvents ihfluénce pitcﬁ—
recognition membry is the principal tocﬁs éf fhie set of

experiu!%ta.
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Associatlve Sirepnath Iheory of Pitch Memeory'

While lengthening the unfilled (silent or blpnk)
interval between S and C tonesgs may lead to reduced discrimi-
nation, introduclng an interference (I) tone in the Interval
bpetween S and C tones has produced consistent deficitse.
Mofeover. dlsprlmlnatlon is an inverse function of the
length of the retention 1n§ervaliunder this condition.
Wickelygren (1966, 1969) assumed that‘lncluding an I tone
. allowed for the uncontaminated effect of time upon retention
of the memory tracee.

Evldencelin support ot decay of the memory trace of the
S tone over the retention interval was prdvided-by
Wickelgrén (1866, Exb 1)e. In this study Ss were presented
one of three S to;és (800~-, 820-, or SﬁO-Hz) for 2-sec
followed by a 930-Hz tong presented for 2-, 4-, or 8—890.
Comparison tones were either 1deqt1ca1 to the S {cne
Irequ%ﬁjy or'diiiered'by +10- or +15-Hz. Immediately
following termination of the C tone; Ss reported whether the
final tone was identical to (C =_S; Hgame" ) or ditferent
than. the é tone (C # S)e 1In addition, Ss rated the

lwhile this theory has been presented-in two forms
(Wickelgren, 1966, 1869), the discussion will concentrate on
the latter as representing the more complete formulations
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confidence o1 their declsion on a four-point scale.?

The results demonstrated that discriminability (d‘) wasg

~

.

reduced As a fﬁnctlon-of the duration of the I tane for both
C fone frequencies. Discrimination was better wbeﬁ the C
tone was 15-Hz higher than the S tﬁne, but lengthenind the
retention intersel prJLuced nea;ly equivalent effects on
31scrim1nution of both the C tones. Wickelgren assumed that
an I tone at lehst 90 Hz above the frequency 91 tAe S tone
would not lnte;fere with the trace of the S tone (1966,

el 25?). 'Hence, reduced discriminability as a function of
the length of the‘nstentlon interﬁul was attrlguted to the
autonomous decay of the S tone trace. Evldence from this
and other studies (Wiqgelgren{ 1866, E*p. II; Wickelgren,
1969) led to théiforunl ﬁroposltions of the associative

strength theory of pitch recognition.

Lipear copsolidation. Presentation of a pure tone (S)

is . assumed to activate a frequency bepreeentation most
sensltlﬁe to that frequency and adjacent representatives
sensitive to similar tones along the pitch continuume. The

degree of activation (strength) is a normally distributed

—— — - ——— —— - — o —

2prior to Wickelgren's article discrimination:was
typically measured by either the frequency of correct dis-—
criminations or in terms of the difference limen. In an’
attéﬁpt to provide a more sensitive acgessment of discrimi-
nation and to avoid the problems of response bias inherent
in earlier analyses, Wickelgren (1966) incorporated an
extension of the theory of signal detection (TISD) within
this studye. The measure of discrimlinaability applied was d!
from TSD procedures. A full development of the arguments
favoring a 1SD approach in lieu of traditional measures is
presented by VWickelgren (1866; Egan § dlark, 1866) and need
not be reiterated her '
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function over an ordered set of frequency represgentatives,
cehtered on the most sensitive representative (s').

Strength of the activation gradient at any point (S'tx) is o

boundéd expaonential function of abs(x) and the duration of

the toune (ty)e. Formally:

[1] s{x]t; = a[x]-[l-gxp(—etl)j.

where s[x]-tl represents the strength of a tréquenéy
representative for the tone S'tx, 1l-exp(-8t;) is a bouhde&.
acquisition function over the interval t,, uhd a is a con-
solidation ﬁuraueter of the form alexp(~kx)]e?3 In words,
there is a @onofcnlc increase in the trace strenaih of the S
tone over the tlme it is p;eaented. The pate of increase at
"a point [stx] along thé pltcp.cqntlnuumlls dependent upon
tﬁe distance from S' and the current streﬁgth of fhé pitch
represefitative. | iv “

Expopepntial decavy. Consolidation of the memorial trace

is assumed to cease with the termination of the tone und is

sub ject to an exponential decny function over the duratlon

of the retentlon interval. The fgje ot decay 1s assumed to

i

—————— s e

3Those familiar with Wickelgren s (1869) model will
note that the consolldatlon and decay functions ar ecar in
the form of a single,y, rather than dual, trace proposition.
There are two reasons for presenting the ﬂunctions in this
form, aside from siaplicity. First, the cpnclusions in
favor of a dual trace consolidaticn are ba ed on tenuous
data indeed. Compare, for example, results within
Wickelgren's section "Decay and Single— yg Dual-Trace
Theories", pp 31-36. Secondly, at intervals reparted here
and within his own experiments, Wickelgren concluded that
effects of the intermediate-term trace, missing in the -
present forsulations, were minimal. -In any event, -
elimination of the intermediate—term trace component does
not markedly alter the propositions. . . -
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be invariant with reapect to s{x]t; but is bounded by the
minimum e[x]t; = 0O« The formal proposition of the decay

function is

4

’ (2] i " B(tz) = exp(—-8tz);,

where t; 1Is the duration of the retention interval. That

@
"

is, decay of the S tone'trace is a negatively ucceleratingi
function of the duiration of the I tonee . -
. o

From Equations 1 and 2, the trace strength of a pltch’

representative S'ix following a tj;-sec presentation of the S
, ’ ) :

t gt-&requency and a retention interval lasting. t: sec is

S

expressed as

s[x ]( tgeta) = a[‘x ]t[ll-exp(-.-'etg‘)]exp'( S ATREE

.However, TSD stdtiatlcétdo'not‘brovide'a direct measure

.

of trace strength, but are measures dt-discr}minatlon or

LS

detection. That is, between cqhditlons in which  the

frequency of the C tone equals that qtvthe‘S tone undkthqt
in which the frequency of the C tohe differs from that of
» - . .

the S tone, the measure of discriminability (d%) 1s

function of the trace strength ot S* and,S'ix‘ﬁuéh that

(al d'(tystz2) = 8(o0](t1,t2) -~ s[;](tg,tg);
© = (alo] = alx])=[ 1-exp(~8+¢;) Jexp(-t2 )"
il = a'[xﬂq[1—exp(~9t;i]eip(—ﬁt2J. | \
BiiﬁL:ﬂiiIﬁlﬁnﬁﬂ and fomiliarity. ”Iha'farlable d' is a

 tunctlon of the similarity between S and C tones. In fact,

it has been regarded as a measure of the dittgrence between

the means of the S and C tone traces; S' and C', . .

respectivef}\(‘1§kelaren, 1966, 1968). .One interpretation
. ) ; .
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o

(Wickelgren, 1869) of thae recognition procens jnvolves the
«
aspects of pltch~differance. Upon presentation of the C

tone, the J is asau@ed to form o algned differencs hetween
¢c', the percelved plteh of 1h¢‘C tone snd a sanyp Led
representative of the 3 tone tyace, presumably S'. If the
’dlfxereﬁce hetween the two exceeds & criterion sgscciated
with CY bei&b frowm wl;hln the & tone trace, the C t;ne is
4udged "diliarent,“ otherwiae 1t is accepted as the same as
the S tone. deamenta of "higher" or "lower'" oxe sade on
the basis of the sign of the mupercrliterlel difference

between S' and C'e. . .

'

Wickelgren (1969) has armued that when "same-different"
regsponses sare required, it 19 pnot similarity (pltch-
difference) hetween the S snd C tones which enters the into
the recognition process.s Ratper, it isg the familtiarity
amgociated with the sampled § tone mcduius, and the Zacaylng

trace of the S tone which is the source of the Judgment.

, . . o
Retrieval (of the S tonw representative) is
agaumed to be accomplished by the interaction of
the giyepath aradient of the § tone with the
(prewemorial or perceptual) activation gradiepnt of
the C tone to producs & greater or legger degree
of activation of the fesmjliarity repregentative
e « » VWhen the C tane sctivates pltches whose
strength of assoclation to the familiarity
repgeaentatlve are in & temporary state of
facilitation, there la & greater degree of
activation of the tamillarity representative
(Wickelgren, 1869, p 54).

Kol N
Y "

w s

This vather contorted e;nlanatlén aRppears to be

Y
A

equivalept to the suggeation that the S selects from the

sctivation gradient established by the C tone und retrieves

A
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a réprésentutivv rrom the S tone's strength gradleﬁt
assoclated with the selected C tone médulus. The recogni-
tion decision ig based upon a likelihood criterlon of
accepting the C tone modulus as arising from a distribution
equivalent to that qf the £ tone. In this sense, however,
the _judgment is hﬁsed upon the strength of the S tane trace,
whi¢h Wickelgren nssumeé to be‘equivaient to fanilluélty.
While the propositicons of familiarity may ke consistent
;ith fhe proceeses Involved in "same - diftferent! judgments,
they can not account for the abil;ty of S8 to form "higher"
or "lower" _judgmentse. Familiarity is assumed be
nondirectional and noncommutative. Responding to this
obvious weakness; Wickelgren (1$69) has assumed thot‘p
process equivalent to the plfch—diiterence is incorporated
in the decisiocn of "high - low" judgments (péFQO—Ql). It is
not clear that these ussunptioné grant the theory either
greater power ogfthsinony. Evidence in support of this
dual process (Exp H-S-L, pp 22-19) does not appear to
necessarily exclude pitch-difference as the sole decision
mechanism.
. . .
Noreover, pitch—-difference is luplicitly related to

familiarity. For instance, during presentation of the C

tone ﬂ...the asymptotic familiarity value approached during

'
-

the acduisition period is assumed to be a monotonically
decreasing function of the distance from the S tone on the
pitch dimension" (Wickelgren, 1868, p 48). Since the

-

ma jority of the experiments leading to the development of
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the associative strength theory employ ''same - ditferent"
judgments, which are equally well accounted for in terms of
elther pitch—-ditference or familiarity, the point is a moot
onee. However, uccéptance of the tenets of famiilarity
appears to require incorporation of the attributes and
processeé from the pitch—-difference prpceés to acéount for
the S's behaviore.

In__teus_t.ign of acguigition apd decay. The assumptions
of the fuuillarlty process are explicit: Discrimination or
recognition is achieved through an interaction between the
memorial s%renath gradient of the S tone.and the activation
gradient ot the C tone. In essence, the C tone i€ gssumed
never to "enter" memory or to form elther a strength or
taniltarity gradient. Under these ;ssumptions the C tone
can not influence fhe strength distribution of the S tone.

Thére is very good reason for thinking this

interaction does not occur. The reason is that

such an interaction « « « would be deleterious

for retrieval. Thus, if it is possible for the S

"to perceive the C tone and use it for retrievaly

but not acquire a memory trace for it, the §

undoubtedly does Jjust that under conditions ot the
current experiments (Wickelgren, 1869, p 58).

a

The logic surporting this arguient ;s that, since the C tone
igs never tested for retention, a -e;orlal representative is
never es¥nhliehed- This implies, of course,-that thé S8 are
capable of selectively excluding any of the st;uuli from
entering nénory; A crucial test of this assunpthn rests in

the influence of the I tane trequency upon discrimination of

the S tonee
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s\ Instructions to Ss typically éugaest that they ignore
the events occurring between theAS and C tonese. If the
similarity between the S and I tones influences discrimi-
naf}on in these situations, argunents‘denylng an interaction
between acquisition ;nq decay can ﬁot be valide. -Mo;eover,
if presentatlob of the C tone lteads to the vauieltion of a
memorial strength gradient centered ahout.C'r the
assumptions of famlliarity suggest a process which is
equivalent to that of pitch-diffterence for the recognition
decisione.

Evidence of consolidation snd decay. There is no
direct way of assessing th» exponeﬁtlal acquisition
paruﬁeter [ in Equation 1] of the associative strength
theoby. Not only 13 decay assumed to initiate ismediately
following the S fone, but ISD statistics are 1pcapah1e of
measuring strenﬁth directlye. Two expérlneﬁts varying
duration of the S tone (Iickélgren, 1966, Exp I; chkelgrpﬁ,
1969, pp 42-43) were designed to ossess the acqulsltlon:and
consolidaticn functionse. In general, 1acreaslns t1_1mproyed

discrimination, increased d' and diftferential strengths in

the orders of expected magnitude. ¥hile the data were

'noisy, no systematic deviation from expectatioﬁs ot the

model were npoted.

Wickelgren hnsAreported several experiments varying the
S and 1 tone duration and the ditference between C and S
tonese. In general, the results support predictions of an

exponential decay of a single memory trace for t2 intervals .
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between «5- and 8-gsec (Wickelgren, 18966, ﬁxp I; Wickelgren,
1969, pp 31-33, 35-36).

Over the retention interval (t2) decay serves to reduce
the strength gradient of the S tone in the ﬁnnner expressed
in [ 2]. The net result is to cause fewer of the "members'"
of the stre;nth aradlent.td exceed the criterion level
established for the acceptance'ot C = S as fz increases.
Thls.ls cqmnonly retflected in an 1n;re?sed frequency of
“false—detectiong" or "falsé—posl%lve" recognitions (Bindra,
Williams & Wise, 1965; Aiken & Lau, 196§). If TSC
statistics are to be employed agppropriately, the decision
criterion, assumed to opefate in recoanitioh, must remain
constant over t, and differences bet’een fhe C and S tones.
Although a variety of ulternatlve'explandtlona"muy'be“
generated toc account for the 1hcreased errors as a function
of t (ct., Barris, 1852; Alken & Lau, 1966), Wickelgren
must gelect tte loss of strength positicn to retain the
validity of the TISD analyses. Othervlge. assumptioné
regarding d' are confounded with shifts in the decision-
response criterion or 'response blas' (Gréen £ Swets, 1966;
'Egan 6 Clark, 1966). | ,

Similarjity of S and I toneg. The décny function [2]‘
explicitly excludes aﬁy effects 61 intervening events
between the S nﬁd C tones; Thgt is; tﬁe dec}ine in memory
over the retention 1nferva1 is 16terpreted‘aé‘bassiye decay

rather than the consequence of the interfering effects of

- the I tonee. Vhile this is a coqyenlent assdmption when the
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difference hbetween S and I tones is great (ieeey I = St90

Hz )y it 18 not clear that it is warranted when the tones are
more similare. Should the I tone interfere with the memory
of the S tone the effects could be either one or both of two
types:

First, the I tone could be setting up a competing

memory trace which in some way interferes with the

retrieval of the trace for the S tone « .« o

Second, the I tone could be responsible for an

active destruction of the trace for the S tone

e « o« However, in .either case one would expect

‘these lntgrierence etfects to be greater the

closer the I tone is to the S tome In frequency

(Wickelgren, 1869, .p 37). *

The effects of S and I tone simllarity upon
discrimination vege investigated in one experiment
(Wickeigren, 1968, pp 37-3%8). In that experiment, the S

o ’
tone frequency was varied between 400- and 590-Hz, C tones
were equal to the S tone or St10 Bz, and the I tcnes were
sx15-, 20-, 40-, 100-, 200-, s+3000-, and +8000-Bz.
Duration of the S and C tones was l-gec with a iilﬂ.’ reten—
tion interval of 2-sece. Cne—-half ot the‘ﬁs were provided
instructions to attend to the I tone while the remaining Ss
were instructed to rehearse the S tone during the retention
~interval.

The Ss rehearsing the S tone showed a slight (prob&bly
nonsignificant) improvement in recognition when ccmpared
against the non—rehearsing - S8. The data reported by

Wickelgren for the I tone irequencles up to S+200 Hz are

presented in Figure 1. The mean d'" "was calculated over
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rehearsal caonditions for g&ch of the S-C tone diiierenceé.
The conqltions under which thelI and C tones were oﬁ the
same side qi (1psll&teral to) the S toné are plotted ne.I >
S upper panel and I < S in the in the lower panel aof the
Figure., Convéréely, the lines Iubeled I < S in the upper
panel and I > S in the lLower panel are conditions for which
the fregquency of the I tone was in the opﬁoslte direction_

from (contralateral to) the S tone as the C tone.

-

Under each instructiaonal condition there arpears
to be no effect of I tone similarity on recogni-
tion memaory performance at or beyond differences
.0f 40 Bz between S and I tones. When the I tone
is only 15- or 20-Hz from the S tone, there is a
slight facilitation in performance when the C tone
is on the same side of the S tone as I tone [le.e.,
- I1 DC > S or S>C > 1 ] and an approximately
equal decrement when the C tone is on the ogposite
side of the S tone . « o« This suggests that the
decline in . recognition performance with increasing
f detlay [in previous experiments] is a temporal
decay of trace strength, not a storage or
retrieval interaction phenouenon{(‘lckelgren, e
1969, ¢ 28). o ’

It is clear that there isllitf[e difference in , e
performance between the I tone condltloné whén-the frequency
differences between S and I tones exceeds:IOO Bz.'
Apparently, at thése‘diiterences the I tone failé to
interact with the strength gradient of the S tone, and
Wickelgren'se assumption regarding the previous results ﬁay
be weil founded. Some discussion of the etfects at other S
and I tone differences is 'a;ranted, howevere.

Under conditions in which the I and C tones were both

placed above or below the S tone, there was a facilitation
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in d; for S and I tone differences between 15— nﬁd 40-Hz.
There is soxe quesflon as to the\meanlng of'WICkelgren's
statement'fhat an "appioxlmntely equal decrement" was
evidenced over the same interval when the I tone was in the
oppusite direction of the S tone. Discrimination is
~superlor.under both comparison conditions when the I tone is
15- and 20-Hz difterent than the S tomnme and in the opposite
direction of the C tone. These effects do not suggest that
the'I tone consistently produces interference as evidenced
by a reduction in discriminatione They do however, suggést
fhat the I tone has some effect upon the memory of the S
tone and that the effect is, in fact, "greater the closer
the I tone is to the S tone" (Wickelgren, 1969, p 37). It
"is clear that Wickelgren's convﬂuslon reéa;dlng the absence
of an eitfect of the I tone during the retehtloﬁ interval is

not warranted when the S and I tone are of similar:

tréquencles. ,

It wou;d be udfantaaeoua to ignore the "slight
deviations" from expectatloﬁs of the theory'under condiﬁions
of high S and I tone Bimjlarity if only fo retain the
efficacy of the theory in other conditions. ~In the light of
thg data provided, however, the influence of the i'tone upon
discrimination may prove sufficent to dismiss propoéitlons
of fhe theory holding to a ﬁure decay processe.
Storage-Forgetting Model of Ritch Memory

An altgrn;tive model ac?ouhflng 1or‘decrementé in

recognition periqrndncé over the retention interval has been
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proposéd by Massaro (1870a, c). This model shares a number
of assumpticns with Wickelgren's (1969) theory LkLut possesses

features which distinguish it from the aesociative strength

theorye. _ .

Linear consolidation and exmopential decay. Durling
presentation of the S tone, acquisjtion (storage) and con-
solidation are assumed to proceed as a bounded exponeﬁtlal
function similar to [1]. However, while Wickelgren assumed
thgt virtually no further consolidation of the £ tone
occurred following its ternination, Massaro (18§70c) proposed
postperceptual consolidation. If the S tone is followed by
a blank or unillléd retention interval, consolidutioﬁ is
assumed to continue at a rate equivalent to the L rring
during presentation of the S‘tone. This assumptiuvn modifies
.[1]-to the 1ofm:

(4] ‘ s[x](t1+tp) = a[xJe[1-exp(-6(t1+tg)) ],y

where tg ls‘fhevlength of the blank retention interval.

This expliclitly denies the %Féicn of ;utonomoue decay during
the‘untiiled retention 1nte;v#1 Consolidation, however, is
assumed to_bé bounded by a ﬁaxinun &[x], as prbposed by
Wickelgren (18689), and is proportional to the current
Streﬁgth. |

Consolidation of the S tone is terminated by the onset
of the I tone and, in the absence of consolidation, the
strength of the S tone is assumed té decay exponentially

over the tp-sec filled retention interval. This proposition

is diametrically opposed to Wickelgren's (1968) assumption
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feéurding the interaction of acquisgtion and decaye. He
assumed that presentation of the I tone dld‘not establiah a
strength g;ndlent.. Muésaro, on the other hand, rroposes the
presence of an 1 tone fruce-

The forgett%na function proposed by Massaro (1970a)
modifies [2] to the form: : |
[5] | B( tz) ='§xp[-7(l—exp(—ﬂt2))].

While decay in the associative strength model wag bounded by
zero, [S] yields an exponential decay function bounded by
exp(—-Y) and may approach zero only for 7>>1. This
assumption allows one to accouﬁt for nonlinearity of decay
without havipg to incorporate a dual trace (short- and
intermediate-term) framework for long retention intervals
(cfey Wickelgren, 1969, pp 31-33, 35-36).

The full equation of the strength of pitch
represéétative (S'tx) presented 10; t, secy, followed by a tg
sec blank interval and an I toneé lasting t, sec is:

[6] s{x]J(ty+tg,t;) =
| alxJe[1-exp(-68( t1+tg) ) Jexp[ -7(1—exp(-Bt2))].

Irace strepngth recogpition. As In the associative
efrengkh‘theory (chkelgren,i1968), presentation of the S
ton; is assumed to eétaﬁllsh ; narmally distributed frace
strend}h gradient about Sf. Bowever, 'similar gradients are
assumed to be established as the result o; the.preSentation
of the I and C tones but centered about I' and C?',

respectively. In addition, ‘the acquisition of the I and C

=

tones may interact with the establi-hed trace of the S tone
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as n function of the similarity among them. The recognition
process in Ysame - different" decislions tears some
resemblence to the familiarity rrocess ot the associlative
strength theorya.

At presentation of the C tone, the § searches in

memory for the trace of that particular C tcnes

I1f the trace strength . « « [assoclated that

pitch] « « « exceeds some criterion Kk, the § will

report "same! o o e Since the consolidation of an

unequal C tone (C # S) will always be less than an
equal C tone (C = S) « « « [the trace strength of

the S tone will always be greater than that of the

C tone.] Therefore, noise is added at the time of

the decision process 0 that its probabilistic

nature can be predicted (Nassaro, 1870c, p 153—

The decision (strength) criterion may vary as a
function of t;t+tg but, as with the associative etrength.
theory, it may not vary ag a function of tp or the duration
of the C tone (t3) since Buch variations violate assumptions
‘of TSD statisticse Since retrieval (selection) ls'from the
trace strength gradient deéeloped along an ordered pitch
continuum, d' is more like its traditional concept of the
difference between the means of "sgignal" and "noise!
distributions than its extension to discriminability
(Massaro, 1870a, p 34; Massaro, 1870c, p 154).

Although never expressly developed, pitch difference
decisions appear tb bhe more easily handled withinp the
storage and fargetting model. Since the strength gradients
are established along the same pitch continuum end discrimi-

nability is assumed to be equivalent to the difference

between S' and C', signed ditferences in pitch are directly
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. ) -
obtainable. The process may occur in one of two wayse. The"

§‘maj form a signed difference hetween the Selected C tone
modulus and S'. Alternatively, having rejected the pifch of
the C tone as‘equivaient ta that of‘S', the S may then
slmply’;ote the airection of the C tone from S'. The model
also provides a more direct process by which fhe S may
generate magnitude estimates of the difference Letween S and
C tones; Such a process would be equivalen; to a "signed

. . !
difference" befween the selectedic tone and S' with the

.asg8ociated trace strength marped onto a response (e«gs,

number or canfidence) system.
. 1

I3

Lepnath of 124 t1 - to. Effects of the presentation ot
an I toné following an acqulsitibn_period otlt;+to-sec were
examined ty Massaro (1970¢) in fwo separate experiments. In
both experinente, four S tones (820-, 849-, 860~, nﬁd 880~
Hi), four I tone durations («5-, 1-, 2—;‘and 4—-sec) and two
S TIC tone differences (S, S+20 Hz) were factorially
comhlned.» Frequency of the i,tone and duration of tﬁé C
tone were no& specltied.. In the first experiment, thé S
tone was preeénted for S00-msec Pnd was followed 1mmediate1&
by the I tone or A‘SOO—usec sl}ent intervalyﬁrecedlna the I
. tonee. In the second experiment, fpé duration of the S fone
was shortened to 200-msec and the silgnt 1nter;u1 éxtended
to 800-msec within nppropriate coqdlt%ons. Data of tﬁe two
e*periients were éollapsed.ovér S end C tonértrequencies but
analyzed a;?Arately.

According to [4], copsolidation of the S tone continues
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'
through the blank interyal but ig termlhated by présentation
of the I tone., In additiony since forgetting [S5)] is In-
dependent of storage, torgettina‘ought to occu? At
equivalent rates for both the ucqulslfion perioﬁ conditionse.

It is gpredicted that the blank interval may
increase the ambunt of strength stored, but the
proportion of wmemory strength lost due to c¢onsoli-
dation of an interference tone of t, sec will be
equal « « » for both the acquisitlion conditions

(Massaro, 1870c, p 154).
. That 1s, values of d' ought t% ba bounded at some level
greater than zero and evldencé equivalent functions over
time reéatdless ot intefvhl,pét'een S and I tones.

Reeults of the two ex;:fiuents are preaented in Flgure,
2. Provldlna a 500 msec’blank interval between the S and I
tonevdld not produce’notlcuble increments in d! conpared

‘

with the continuous condition within Experiment i' Bowever,

an 800 mEec. silent 1nterva1 Iollovlng the 200—-eec S tone

led '» better dlscriﬁination in Experiment ITs More

1mportantiy, the addition ot fhﬁ unfilled retention iﬁterVAI‘

~

preceding onset of the I tdne;dld not contribute to

toraettlng}

&

‘Within hofh-expeﬁiqents parallel functions of d' were

.

noted over thé_retehtibq‘lhferva?é following both htank‘ahd :

continuous acquisition canditioms. In accord with (s,

.

semilog ploté ot d'~8ho'¢a suhatantial“deﬁdqtlom‘1rom‘
linearity ag a tunction of the duratlon of the I tone.

Results over gimilar. 1ntervals re;orted by chkelaren (1969)

tayled to evidence the deviation from linearity. These
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results are cgnsistent with Massaro's (1870¢) assumption
tﬁut, while the rate of decay may be exponential, it is not
bvounded by zero. "

Alth;ugh the results clearly indicated that tlank
intervals following very brief S tones failed to produce
effects associlated with térgettlng, ;t is not‘clear that
furfher consolidation of the S tone was responsible for the
phepomenon. In addition, the data do not indicate that, 1f
the *ruce is Iur;her coqsolldafed through the blank reten-—
tion interval, the rate is8 equivalent to, that while the S
tone is“present.- A crucial test of Mnsé;ﬁb's prediction
would appear to rest upon coﬁpurlsons between conditions in
which an S§ tone occupies the entire acquisition period and
those in whick there ;s a intertone interval present. It
ldentical levels of discrimination are attained under both
conditions, assumptions of equivalent consolidation rates

4
follo;lng gnd during the S tone would appear to ke valide
vAltefnatlvely, aSSUthions.re]ard;ng the consolidation of
the S tone ;trace would require modification.

The poesible effects of introducing a blank interval
betwee; I and C tones requires some caonsideration.
PPOpOBlti?nS of the storage and forgetting model provide for
equal consolidation rates for S and:I tones. As the S tone
1; assumed to consolidate through the blank interval between
S and I tones,>the modei muét assume that tﬁe I tone would
cénsolidate through the intertone 1nter§al between I and C

'

tonese. Some evidence in sugrport of this assumption was .
e NS4

© q

S,
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provided by Mass;ro'(1972)- In that study, masgking effects
of‘a 40- and 100—;§ec I tone had equivalent effects on
identification of the S tone, even”though the shorter I toné
occupled only a rortion of the retention interval.
Providing that these data are indicative of effects
producing lnfecterence over longer presentation and reten-—
tion lntepfala, dreater consolidation of the I tone would be
predicted as both t, and the blank interval between I nng C
tones increased. That is, including the blank iInterval
would be expected to produce as great an effect upon recog—ﬂg
nition as when the durut;on of the I tone equalled the sum
of t, and the ;ﬁtertone interval between I and C-tonesf
Sjjjlnxijx o1 S and I toness Effects of the I.fone
upon.the S tone trace are explicitly included within the
assumptions of Massaro's (1870a, c¢) model. Consolidation of
the I tone acts directly to\ih:luence the strength gradient
of the S tone. 1In addition, the similarity of the I and S
tone is assh-ed to 1n11uencé consclidation (storage) and re-—
tention of the S tone directly. )
Presentation of an I tone establishes a linear
consolidation function similar to»that ot the = e but
centered about I', The-sluilarlty {("distance") tetween S
and I tones 1s assumed to intigence the effect of fhe I tone
upon i e =trength gradient ot_fhe S tone. W¥When a tone,

presumably asychologically dissimilar 'to the S tone, is

erployed during the retention interval, decrements in recog— 

’nltionfperformance.are‘attributed to a relatively pure decay
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effect (Nassaro, 19703‘. However, when tge S and i tones
are more slhilur, consofldntion of the I tone trace directly’
influences retention of the S tone. MNassaro is rather
inexplicit about the nature of this eiféct, althougﬁ.he
suggests that the I tone may serve as a "perceptual anchor!"
and medliate the‘recounitlon process (Massaroy, 1570a,p 34,
as). | .

An alter;atlve w;y of describing tﬁe effect of S and 1
tone gsimilarity 18 in terms of an interaction between the S
tone trace and the consolidating I tone. The more similtar
the S and I tones are, the greater the overlap of the two
strength gradients. Thus, the S tone trace will continue to
consolidate through the I tone period, but only to the
extent that the S and I tone distributicns overlap. VWhen
the dlifwﬁ?ncc between S and I tones is small, the S tdne
trace will continue totconaolldute and discrimination should
'be better than it the S and I tones are A1ssimil§r. Since
this eftfect 1? the result of the overlap of two normnlly»
distributed functions, it should not be a 1ipear tfunction of
the similarity hetveeh S and I tones. While this.hfpothesls
haé not been stated explicitly by Massaro, it is COnsistent
with assumptions of the stdyuge—foraettlng model., It is
also similar to the "assimilation'" hypothesis prﬁposed by
Lauenstein (1932) and Pratt (1833).
© Two ind?pendent’experlmente Attenpted to aseess the

effect of S and I tone similarity (Massaro, 1870a). In the ¢

first experiment (Exp 1), §é were presented one of three S

g
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tones‘(SIO—, 820-, &6 830-Hz) for 1 secy, followed by one of
three I tones (S+10, +50, +890 Hz) or "whlfe noise" lasting
for 1-, 2-, or 4-sece. The C tones (S or S—-10 Hz)
immediately followed the I tone interval and lasted for 2-
gecCe The recagnition dgta were collapsed over S tone
frequencies and d' statistics formed fﬁr intervals of the I
tonee. The mean d' gtatistics are presented in the upper

panels of Figure J.

Recognition was bettzr when the I tone most similar to
the S tone frequency tll}ed the retention interval than when
either of the otﬁer ﬁones were emrloyed.  As prédicted, the
effect uppn discrininatlon was not a linear’fuhctién of the
similarity between S and I tongs; virtually-no difference
existed het‘een.condltlons of S+50 and S+90 Hz. VWhile the
predicted rates of forgetting kdecrqnents in d') were
virtually parallel for the three I tone condltioné, presen—
tation ot "white noiae“ durlua.the retention lntefvul
‘produced the a;éatest eiiécts.

Thé stimull of Exp II consisted of "aree § tones (826—,
840-, 860-Bz), three I stimull (S+20, S*fJ Hz, and "white
noise") and an ﬁntllled (blank) interval. Duration ot fhe ¢
tone v;s either 1-, 2;, or 4-sec and 1mmed1ateiy prgceded a
C tone lasting for 2 secs. For one—haliloi the §s the c tone
was 10 Hz lower than the S tone. In the otﬁer Qtoup'fhe C
tone was 20 Bz lower than the S tone. While th: Ss in BExp I

were run individually, Exp II was conducted in group

sessions and the stimuli were presented over a loudspeakere.

.7
¥
i
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‘eimilarity between S and I tones and length of

the retention interval (From Massaro, 1870c).
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The recognition data were collapsed over S tone frequency
and d' statistics formed Tfor the Ss. Results are presented
in the lower ranels of Figure 3.

Discrimination wns‘far less consistent with the theo-—

retical predictions than the results of Exp I. As expected,

"

a vy

dlscr{hinutlon was reduced when’the retention interval was
fllled_with a specific I tone frequency as compared to‘the
blank retention period. Tﬁere was virtually no‘diiterence,
however, between the S+20'uﬁd S+90 Hz conditionse. In both C
tone conditions "white noise! QUring the retention period
railéd to evidence the sﬁbs&antlaliforgetting rates present
in Exp Ie. While some torge{ting was evidenced under the:
blank retention interval for C = S-10 Hz, little or no
forgetting occurred wﬁen C = §-20 Hé.

JA number of possible explanations for these results can
be prqvlded. Massaro has~sugaesfeﬁ that the I tcné may
"give Ss A perceptuul,anchgr" (1870a, p 34) or may be a
i"reference point that could be employed to Judge the
difference retween S and é tones" (8170a, p 38). However,
these suggestions are not incorporated explicitly within
assumptions of coésoll#atlon and étpragé ( Nassara, 1870aj;
é); and the '"strength criterion" rrocess of discrimination
(lassarq,‘1870a, by €)e It is qﬁltefpbsaible that the
resgogse stratéales adopted by the Ss in Exp I were QUlte
different than thoée empl?yed ;hen fhe stimuli were
presented over the loudspeaker (p 37, 39). It is most

conceivable, however, that the discrepancies resulted from
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poor céntrol procedures within Exp Il.

Internction of ﬂ.t__m:_ons and forgetting. The data of Exp.
I (Massaroy, 1970a) clearly support both Massaro's
“perceptual anchgr“ explanation and an interpretation in
terms of an "asslmilation hypothesis" discussed earlier.
The‘simllarity petween the S and I tone frequencles
significantly 1nfluencéd recognition performance. The
eitecf was a nonlinear function of the similarity between S
and I tones (Exp I)e Although recognition performance was
‘réduced compared to a blank interval (Exp II), the degree of
similarity Letween S and I tones served to facilitate &13—
crimination fcltlowing a “"ftilled" reteﬁtion interval (Eip I,
11)e. | .

Massaro has ar;ged the presentati;~ of the I tone not
only terminates conéolldutlon of the S tone but '"decreases |
[sic] the memory strghgth of the S tone directly

proporticonal to the amaount of coneolidation.of the 1nterfe:

ence tone" (Massaro, 1970c, p 154) and the similarity

between the S and I tones (Massaro, 1870a, p 3S)e. His dat
as well as his assunptlons'gegarding consolidation [4],

suggest that presentation of the I tope does not invariablj
decrease the strength»ot the S tome trace. In fact, a8~th§
similarity between S and I tones increases, discri.inut;o
impgovee. This is most reaéonnhly accounted for Ly éssun:ng
ghat the I toné reéults in further consolldation or at le‘st
maintenance of'the asymptotic strength of the S t#ne trace

Simply, if the difference between the S and I tones is I

* . ‘ » ﬁ



small, a gfeuter rortion of the consolidating I tone trace
ovérlaps the S tone gradient, hence eliminating decay.

Two éifects of the slnllarit& between tge S and I tones
may be derived from the addition of an "uésimllutlon"
hypothesis to the storage—forgetting model. Firét, the
distribution d! the S tone trace is altered by consolidation
of the I tone, be;omlng skewed in the direction ogpposite the
I”tOné frequency. Those po;tions ot~t;e S tone trace iIin
proximity of the I tone retain their strenatg or are
consolidated iurther: Those portions farther from the I
tone frequency are less subject to the eitects}of the
conso}ldat}ng trace gnd are reduced in strength by‘decay. A
second etfect‘resultlng from this procegs is'a‘shiit'in the
'mean' of the S tone gradieﬁt. ¥hen the S and I tone
gradients overfap, the Joint effect of the Qecay of the S
tone gradient and conéolidation of the I tone ghifts S' in
the direction of I'; Put another way, thé S tone trace is
assimilated by the consolidating I tone. The amocunt of
assimilation is a cu-vilinear function of the similarity or
overlap between S and I tone distributionse.

The latter effect is cﬁnsistept with the evidence of
changes in d' as a function of S and I tone similarity. If
d!' is ta%en to‘be the ditference between the means of the S
and C'tong gradients (Wipkelgren, 1866, 1869; Massaro.‘
1970a; c)y previous results colnclge with predictions of a
ehlttvln S' as a function of its proximity to the I tonee.

Conslider Wickelgren's (1868) experiment (cfe.y, Figure 1).



50

Under conditions in which the i nnd‘C tones were in opposite
directions from the S tone (l.eey I > S and C < S, or T < S
N

and C > S), discriminability (d') between the S and C tones
vas'lﬁproved as the difference between the S and I tones was
increased from 15- to 40-Hz. Nassaroc (1970a, Exp I) ;lso
ahowed that discrimination was superior wh;n the I tone was
similar to the S tone frequencye These dqta make it clear
that Wickelgren's (1866, 1869) slmple.decay hypothesis of
pitch discrimination is incorrecte However, the nature of
the effect of S and I tone similarity upon pitch memo?y
remains unclear. While Nassaro (1970a, ci has suggested
that Ss may employ the I tone as a "percepfuul anchor" to
mediate the discrimination process, an hypothesis suggesting
an "agsimilation" oi the S tone trace by the I tone is more
consistent with assumptions 61 the storage—forgetting modei,
and also accounts for the available dAta.

No one study has effectively sampled the condltionsf§f
S ‘and I.tone sicilarity to test adequately these
assumptions.k In addition, no study has considered the
predicitions for what appears to be a counter—intuitive

i
i

casgsees

On any trial, the selection of S, I and C ?one
t?equenclee results in éne of three arrangemenfs of the
"tones. Figure 4 presents a achematic representation of
these conditiope. The tlra{ condition, ldentliled.as a
Con*raldterul ariangenent'éi I'and C tones, occurs vheﬁ the

frequencies ot the I and C tones are in cprposite directions
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from the S tonee. TQo éosslble arrangements resylt from
‘placinu the I and C tones in the same directjion from the S
tonee. For the case ldentified as Ipsilateral: 1, the I tone
frequency 1= within thevlntgrval retween the S and C tones.
In the arrangement identified Ipsilateral: 2 the I tone is
placed outside the interval between S and C tone
frequencies.

Consider the predicted effect of locating the I and €
tones ipeilateral to the S tonee. Undep these conditions, as
SY' is shifted toward I' by the consolidation of the I tone,
the effective distance between S and C tones is reduced.
‘ickelgren's (1869) data showed just this etf;ct: ci.,
Figure 1. The distance bet'eenvé and C tone gradients, as
evidenced by d', was reduced as the result of increasing the
S and I tone ditference. If the S and I tone diiferencé was
more than 40 Hz, ipsilateral and céntralaterul placement of
I and C tones reéulted in equivalent dlscriminutlon;

’

Massaro has never reported data for conditions gsimlilar to

. ’ N
those of Wickelgren's study.

A counter—-intuitive p;ediqtion #;ises when the 1 tone
is located in the'lntervdl between S and C tone freguencies.
An assimilation byﬁothesls appears to predict a ehiftt in S°
whlch‘is independent of the C ton; frequencye Hence,
ﬁlaclng the I tone retween the S and C tones should reduce
the distance tetween S' and C' and, accordlngly} reduce dis-—

crimination. Yet the plaéenent pi tones in such & manner

represents a "tonal staircase™ (i.e., S > I > C or § < I <
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€chematic representation ot experimental condi-
tions for contralateral and ipsilateral place—
sent of I and C tones. Contralateral conditions
are characterized by the placement of I and <
tones in orposite directions from the S tone.
Conditions in which the I and C tones are in t e
same direction from the S tone are identified as
Ipeilateral placements. In Ipsilateral: 1, the
1 tone occupies the interval between S and C
tones, resulting in the perception ot a‘"tonal
etalrcase. In Ipailateral: 11, while the I

and C tones are in the same direction from the S
tone, ;the I tone is placed outside the interval
reteden the S and C tonese.
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C) and, intuitively, should afford the greatest discrimi-
nability. Such results would be inconsistent with an
assimilation Pypothesis. In addition, these results woﬁld
suggest that either the assumptions regarding storage and
forgetting, or the discrimination proéese are inadequatee.
The following experiment was designed fo provide a
sufficent test of the storage—forgetting modei of pitch
memorye. The predictive validity of an "aesl;llatlon"
‘hypofhesls interpretation of the e£f§cts of S and I tone
similq;ity was also assessed. Both contrglateral and ipsi-
" lateral place?egts of the I and C tones about the S tone
;ere employede . A critiqal set ot condit}ons was gprovided by -

occaslons in which the I tone was placed between the S and C

tone frequentlee.



EXPERIMENT 1

Sub.iects

Twenty wale and female students from introductory
paychoioay classes ;artlclputed in the experlman; tolfulfill
course requlféments; The dataybt one § was dilscarded when
his resu}ts indicated arosé errors in the original

«

respdnses. ,
Deslgn and Procedure | - g

Two standura (8) tones (810~ and 880*32); tour inter~
ference (I) tcne‘trequeﬁcies fs-lO. -30, =50 and -90 Hz) «nd
tive comparisan treéuenciés (St20;‘t40 and S Hz) constituted

v .

the stimuli 01~thg present experiment. Iq-addition, an
unfilled (blank) retention interval was 1ncorporated‘is
irequently as any of the 1 tone Igequehcieé. Three raydom
Eeruutat1§ns were ;oried'ot the 50 tactortul‘co-hlnntiona of
S; I and C.toﬁé conQLtlons;_ Ench § participated in five

replications of the expéri.enti receiving all orders of pre—

sentation at least once. g ' i

The stimuli were produced by three Heathkit (nodél 1G-
18) sine-wave audio generators,lcallbrated to within ‘1%
" accuracy of one another. The selected frequencies for tqe'
. . . i . 14,

trials were recorded on magnetic tape, through e 3d-channel

nultlbf@?iha switch,y, at an aqplltlcutlon 10 times the source
voltage (20 dby «0lv ref.)e OCnget 0f the tones was gated

through solid state 1htegtat1ng-si1tches on each ot_thé

4

,Si



channels. - Duraticna of the stisull (all 1 sec) wers

5
'

controlled by an additional sguare wave generator and
d&gltul logle ot the multiplexing switche* Intertrial

intervals were maintalned vroughly at 6-sec by means of &

\

stopwatch. No attempt wams made to coantrol for apparent’

loudﬁess of the tonem, although there was lLittle uppurént

difference amaong them.

The stimull were presented to each § through stereo
héudphbhas, at what was Judged by.tha S‘to‘be a "comfortable
'1evel," ;s‘he sat within an scoustically dampened chamber.
Atter the‘ﬁ wae seated at a desk within the chanber, a set
6!_inatructions were provided which Iully'degcrlhéd the
gature of‘the experiment. Bsgentlially, the 58 were told

that duxina the experiment they would hear a series of brief
tones followed by a 6~sec klank interval. During this
“}nferval they were to Juda@ whether the first and last tones
ﬁof the serleé were the "same" or "difterent,”" and to
indicate their decision by checking one of two labeled
pasitions on a nuubefad angway sheet. Following ?four

practice trials, the first three blocks (replications) were
i1 ' -
presented. A S—-min reat period was then provided while the
. &. ’
~tape recording was positioned for the next series. The

final two blocks were prqifnted jemédiately followir.. the
-LV "

e oo N

4)Mr. Pat Wong and Mre. Paul DeGroot assisted in the
degign and testing of this apparatus. The experiwment
- utilized the facilities of Dr. Stanle Rule's lakboratory.
Their guidance and assistance in the reparation of this
experiment is greatly appreciated. o

n N :



rest period and wergy not preceded by practice trials. The
entire session required apgproximately S5 mine.
' Resultg

Discrimination judgments ("samel, ?dfjferenf") were

oy

pooled across replications and S tone frequencies for each §
gnd proportions correct and lncorreét,recognltlons were
formed for '‘®gach of the expgriﬁentol conditions.’ &he index
.Of detectitility (d') was calculated for each of the C #\S
tone comparison éondltions by means of taples provige y
Hochaus (1972). The proportion of correct recogql{ioﬁs for

C = S tones ("same'") tore ° .. "hit-rate" for each I tone

condition and incorrect r cognitiona for C # S tones

estimated "false-alarms. Th- =mean.d! statggjics for the 20

.

C # S experimental conditicons are presented in Figure S.

An analysis of variance (Table 1) confirmed th¢49bvlous

»

eftects'witain the data.5 A difference 0o0f 40-Hz between the

S and C tones was better dcfected'ﬁhan was a 20-Bz
{ -

difference, F(3,84) = 71.9FE. Increasing the difference
(reducing the similarity) between the S and I tones led to a

generay reduction in dlscrimination as evfdenced by the

HS

'Aéignlflcant main effect of I tone freqdéﬁgyy F(4,72) = 8.48,

-

. p € .01, It was clear,‘hdiever, that the effect of the I

tone was dependent upan the frequency and locus of the C
o 4
SAn identical analysis cénducted upon the mean

proportion of correct discriminations yielded equivalent
results but ieg not reported here. Previous studies have
employed d' as the meas.re of discriminability, and in order
to maintain comparability that statistic was selected in
this study. :
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Figure S Effects of the similar;ty between S and I tones
and placement of the I nd C tones ufpon discrimi-
nability (d'): Experlment 1.

o
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Table 1 . \‘T

RS

i

Sunas of Analysis of Variance: T R
by's §

Nean d' Statisiticse.

SOURCE $SQ df MSQ F >
——————————————————————————————————————————————— T
N
SUBJECTS [C] 309.889 18 17.222 . s
-
WITHIN SUBJECTS 234.655 19 12.350 _ “ ~
I TCNE [1] 65.803 4 16.451 ~ 8.48 **
.C TCNE {C] 121. 888 3 43.963 71.95 *=*
I x C 36.964 12 3.080  B8.53 *x%
s t- N
ﬁ%sxDUAL 2504635 342 +733 -
0 x I 139.677 72 1.940
C x C 33.004 54 .611 s 0
0x1IxC 77.954 216 361 7 :
TCTAL 792.289 379 2.098
% p < .05 ' .
% p < 01 V‘k

“

i} 1

'tonJ; F(12,216) = 8.53 p < .01, fotmﬁhe C x I interaction.

Introducing a contralateral I tone equal to S-10 Hz lea
to significant keduction in discriminatiocon relative to the
blank retention interval for both S+20 and S+40 Bz C t;ne
conditions, F(1,216) = 37.33 and £.70, p < 008,
reséectlvely. However, if the I and C tones were ipsilater—
al to the S tone, discrimination was not reduced
significantly by the s;me I tone frequencyy f(l'216)'= 3.29

and 2.10, p > 05 tor C = §-40 and S-20 Bz, respectively.

" That is, if the I tone was placed within the interval

¥ .
32 «
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between the S and C tone irequencies (cf, Ipsilateral: I,
Figure 4) diecrimination was a good as that following the
blank retention intervale.

An I tone placed beyond ¥he S and C tone interval (cf,
Ipsllatefal I1, Filgure 4) led to a slgniticant reduction in
dlscriminaflon for both S—40'xnd €~-20 H C tones. For *
instance it_the I tone was S—30 Hz, discrimination of the 20
Hz difference between S and C tones was sinnlflcantly
dlfferent than that for the flank retention 1nt§rva1,
F(1,216) = 775y B < ;01. DPiscrimination in.tgikvcase
yemalned sugerlor to the contralateral'condltlbne, ﬁévéver.
A similar redﬁctlon in discrimination was evidenced when th;
I tone was S-50 Hz and the C tone was S-40 Hz, F(1,216)v=
6.22y, p < <01, .

Disecusseion s

Intnoductioh of an I tone during the reteﬁtlon interval
substantially ieduced pitch discriminatione. As expected,
the effect was dependent upon both the similarlty_between
the S anq;x tones-and the aiﬁllarity_bet'een S and C tonese.
In addition, discrimination was dependént upon the locus of

.

the I and C tones relative to the S tone, bG4 the effects

s

were not ponslstent with expectations.otf an assiailation

hypothesis, nor predicitions of the storage—tforgetting model ~

(Massaro, 1870a, c)e. -

In'conditlons relicating Massaro's (1970a) procedure

(Le€ay when the I and C tones were contralateral to the S

tone)y, an I tcne of S-10 Bz produced substantinl interfer-

-+ P
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ence compared wlth performance following the blank retention
lntefvul. Increasing the difference between S and I tones
led to some improvement in discrimination, but performance
never reached a level equal to that of the blank retention
interval. These results generully sugport predlctioﬁs of an
assimilation hypothésis, but they are not conalétent with
Nassaro's (187Ca) daéﬁ&w ht

When the I tone was similar to the S tone, euperlAr
perfqrnance was attained if the I téne'and C tcones weye
ipsilateral to the S tone, rather than on opposlte sides of
the S tone (contralateral). This superiority in performance
wa s ldst, however, as the I tone became less similar to the
S tone. These results are consistent with the data from

‘Qickelgren's (1969) study of S and I tone similarity, but he

argued that the effect was not due to interference produced
. e

by the 1 tonee.

An 1nferest1n3 efect, not availdblelin Wickelgren's
study, was aiso‘eiidencegﬂid fhe rresent data. If the
Irequenéy o1 the, I tone 1s between those of the £ and C P
tones, presentation of the thrée tones 1is percelveq as a

Ptonal staircase." Discrimination under these conditions

wa s ngi substantially different than that following the

& \,

o] .
._rlnnk retention interval. Interference was not demonstrated

3 ‘ . .
until the I tane trequency was located beyond the S and C

tone lntervd}£[¥80eh results are not consistent with an
asaimilation hypotheéis, and assumptions of a shitt in the S

]

tone memory trace as a 1unctloh of the sim;larity between S
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and I tonese. Stated‘slmply, that hypothesis would.predict
that interference should be evidenced by ipsitateral I and C
tones, with decrensing levels of discrimination as the
ditference between the S and I tone increased. Neither the
present data, nor hils own, can be accommodated by
Wickelgren's assoclative strength theory, since familiarity
is gﬁﬁymgg to be unaffected by locus of.the I tcne.

Nassaro (1970a) has suggested that Ss may employ the I
tone as an "unchorApolnt" in Jjudgments of fhe ditference
between.S and C tonese. More particularly, Wickelgren (1869)
proﬁosed that'dlscrinination in certain circumstances may
result from successive pitch—-difference Judgm;nte. That
process might resemble the following: When tﬁe I tone is
presented, a Judnuént 1s£a%rmed‘oj theAd;rectloﬁ and
relative magnitude of lté@diiterence from the S taone. lA

similar judygyment of the I and C tone difference accompanies

.

« -
presentation ot the C tone. Discrimination would then be

based upon the translt;vlty of the'twq succesglive judgments.
Consider the case of 1psilaterui»p1acément o; I and C

tones; When the‘I tone occupies the ipterval between S and
C tonesy, the relationship among the_thge€ tones is S > 1 ﬁ%d
I > C anq, hence, Sv> C.. When the I tone is located beyond
the C tone 1frequency, but ié.élmllar to the C tone,
successi;elJqupents_bt the form € >> I, I < C and, then, S
< € would leg; to the lack of lnteffefence noted in the

present stﬁdy. Discrimination would then be a joint

function of the similarity between S and C tones as well as
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‘between I and C tones. The process would encounter
difficulties, and discrimination would be reduced, 1n /

. I
situations such as S >> I and I << C, as when the C tonT is

S-20 Hz and the I tone is S—50 Hze.

While these suggestion may account for the resultﬂs

under conditions of the ipsilateral placement of 'I and/C

tones, they are untenable when the I and C tones are c ntra—

lateral to the S tone. First, any increase In the S Z I
tone difference in these conditions produces a corre’ponding

'

increase in the I - C tone differencee. If a succesqhve dis-
/

., ¢rimination process wag adopted by the Ssy detectio% ot‘thé
S — C tone digiﬁ;;nce should be 1ﬁfiuenced, howeve;, by the
relotive inequality bétweén‘;he S -1 and I - q téne
differences. The relatlvé lnequalltlgs decreacse ;s tbe
difference retween thevS and I tones increases. ' When C'=,
S+20 Hz, for ex;nple, and I = S-10 Hz, S > I anq I >> C, but
if the I tone is S?jO Hzy 8§ >> I and I >> C. Hénce,'dls—
crimiﬁation should be more difficult as the difference
between the S.and I tones increases. There was some

eviden. e of this effect for C = S+20 Hz when the I‘ione was
located at S-10 vs S—éO_Hz. But when 1Le i tone,was‘S—SO
Hz, and the relative inequality of the € - I and ,I - C
diirerenqes was reduced, dlscrimlnatlon improved.

Secondly, a su;cesslve discrimination proceess would
assﬁme symmet*y of the effects about tke S tone, but as a

function of the transitivity of the inequalities. Consider,

for example, the case in which C = S-20 Hz and I = S-30 Hz
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(S >> I and I < C), compared with the case in which C = S+20
Hz and I = £-10 Hz (S > I and I << C). Equal leyels of dis-—
crimination wou.d be expected under thése two conditions if
recognition resulted from the process of successive dis-—
crlmiﬁatlon. It was ev}dent, however, that the latter
condition substantailly reduced dscrimination.

One of the p;ocedural limits of the present experiment
was the consistent placement of the I téne s0 trat it was
always lower than the S tone. It is8 not clear what effects
this might have had upon performance, but it is goncelvabLe
that it provided a gset for the S§s which hiaéed their
responses. One suggested 1nd1€aht of resronse tias within
de tection and recognlfion tasks has been the progportion of
";alse alarms" (Alken & Lau, 1968; Moss, et al., 1970;
Massaro, 187C0a). An unAlygia of Yarianée was conducted upon
the proportion of "same® responses (Tabt} 2) under the foﬁr
S # C conditions of the present éxperinent. A summary of
that analysis is presented in Table 3.

. ~The tendency to respond "same'" increased ae the simi-
1arit; between S and I tones decreased, F(4,72) = 3.68, p <
.61, and the siqilarlty between S>and~C toﬁes increased,
F(3,54) = 5£.58. While, overall, Ss responded “saﬁe" at
equivalent rates if the C tone was lower (.203) or higher
(.231) than the S tone, the I x C interaction was
significant, F(12,216) = 11.89. The source of this
interaction was due to the fact that, with ipsilateral

plaéeuent ot the I and C tones, Ss were less 'riased'! to

L -

o
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.

' Table 2
Proportion of "Same" Responses as a Function
ot Difference Between S and C Tones and

Frequency of I Tone

C TONE (Hz)

I TCNE S-40 S-20 S+20 5+40 NEAN

"Blank" <100 +232 .284 <116 .183
s-10 .032 .153 .363 064 .153
S-30 .032 .189 .516 U89 <207
S-50 .063 .526 .358 «1G0 «262
S-90 .158 .542 .321 «100 280
NEAN <077 .328 «363 .084

respond "same" when the I tone was similar to the C tone

'v'.{_;/‘_»’.'

than when it was more distinct.
Bias, in this sense, must be assumed to include n&t
only general factors 'Lich may influence the S's tendency to
respond in a particular fashion, but also specific effects
of experimenfal conditions which affect the S's decision
system (Green & Swets, 1966). Such data have been yviewed in
terms of the influence of experimental conditions uﬁon the
S$'s decision criteria (Bindra, et al., 1965; Aiken & Lau,
1966; Moss, ;t ale, 1970) or his response strategy (Massaro,

1870a; Siegel, 1974).
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Table 3
Summary of Analysis of Variance:
Proprortion of "Same" FKesponses When

S and C Tones Ditferede.

SCURCE £8Q df MSQ F
SUBJECTIS [0] 4.5:8 18 .254
WITHIN SUBJECTS 10.250 19 .540

I ICNE [I] <869 4 «217 3.68 %%

C TCNE [C] = 6.668 3 2.223 £5.58 %%
RESIDUAL 10.494 342 .031
0 x I 4.236 72 .059
0 x I x C 4,087 216 .019
TCTAL 25.312 378 067

The presen iata may indicate the influence ot the I
tone upon the criteria 03 Jjudging the S and C tones "gsame"
or "different." MNassaro (1970a) has also suggested that the

gsimilarity bet-eegxthe S and I tones directly affects the S

'g decision criterion.

With digsimilar I stimuli, the S and C tones were
perceived as very similar to each other relative
' to their similarity to the distinctive I stiguluse.
@“l‘her’e:tore, S8 in the present experiment required a
much larger difference before they said
. n"different" with a dissiwilar I stisulus than with
a similar I stimulus. (p 33? :

Vs
:\{3
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Both he and chkelgren (1969), however, have suggested that
the effects also may be d;e to differences In response
strategy as a function of the arrangment of the tones.

When tke I and C tones are ipsilateral to the S taone
and similar tao one another, the S may employ the relational
properties amcng the stimuli to form his Judgment of
"gameness." That ls, he may use the successlve discrimina-
tion process described abavee. When the I and C tones are
distinct (either with extreme I tone frequencies unde ipsil—
lateral arrangements or when the I and C toneés are contra-—

lateral to the S tone), an 1l ernative stra

is adopted.
Ttm nature of the alternative strategy 1is éar. Th.e..ss
could be employing pitch-difference and, as'the storage—
forgetting model suggests (Massarao, 1970a, b)), piltch-
difference is influenced by the slmiiarlfy between S and I
tonese. Decisions may be made on_the basis of familarity
(Wickelgren, 1369) and exiects of thé I tone upcn recogni-—.
tion may'be the result of shifts in the decisién criterlz
(Bindra, et al., 1965; Aiken 8§ Lau, 1966} Jesteadt é Sims,

19758).

‘ Pitch discrimination Iollowlnk a filled retention
interval was influenced by the similarity between the\§ and
I tonese. Clearly, there was an'asymmetry of the eftect of S

and I tone similarity in the data. The effect was dependent

upon the locus ot the I and C tones, but the factors

responsible for 1ts occurrence were not obviouse. In the

following experiment,‘an attempt is made to isolate the

L]
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factors resronsible for interference within the pitch dis-

B
>

crimination taske.

P T
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- EXPERINENT 2

-
.

The results of Experiment 1 indicnOOd that effects of
an I tone are.dependent ugcn boih th- «im . larity tetween the
S and I tones and the I and C tor . While the evidence was
not consistent with an assimilation hypothesis, Massaro's
(1970a, c) sto;age—forgettlng model, nor ussumﬁtloﬁé of the
assocfatlié strength model (Wickelgren, 1969), the ofigln of
the effects was not clear. b

Experiment 1 had certain advgntugee oyer'prevlous
designs by Egproviding for cogtralateral and ipsilateral
placement ot the I and C tones‘nbout the S tonee. The I tone
irequen@y, however, was always lower than that ot the S
tone; ‘It was suggested that this ordering may have led S8
to adoﬁt one etrategy when the C and I tone were 1p§11ateral‘
to the S tone, and anothe;‘atr;tggy under conf@alateral
placement of the tones. The following experiment gprovided
ispsilateral and contfalaterél placenment of the i and C
tones, and the tones were both hléher and lower than the S
tonee

In previous studies, the d°' stgtlstlc has teen
interpreted as representlng'the‘ditterence between the means
"of the strength gradients for the S and,c tones (Nassaro,
1970a, c;‘chkelgrQn. 1966, 1968). Presumably, decrements
in &' reflect repuétlons‘in'the difference between S' and

C'., MNoreover, Naséuro (1870a, c) has asgumed that presenta-

tlon‘of the I tone d;fectly intluences the S tone memory

Al -~
68 !
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trace. While Massaro has suggested that the effects come
about because the I tone serves as a perceptual arey the

effect of the similarity between S and I tones may also be

be éxplained as resulting Iroﬁ a shift in the mean of the S
tone gradient Speciilcal}y, the slmllarl}y between S aAd ) |
tones éliects the degree to whlcg Qhe S tone trace is
assixllated by the intervening tone (Pratt, 1933; Deutsch,

1872b ). This prediction has not been tested directly.‘

While d' may measure the distance between S' and C*
when the stimuli do not have the same frequency, it does not

provide a measure under conditions where S and C tones are .

equivalente Yet, this condition provides a crucial test of
an nsqlﬁllntlon hypothesig, by providing the oppbrtunity to

 dlearly demcnstrate effects of the I tone upon the S tone

-

memory trace. An apparent solution to the limits of TSD .

\

A

Appears‘to regt wltﬁln a grocedure requjiring the § fP form

estimates ot the ditference betw -1 S amd C {6nee,'rather

~

than simply judging whether they are "same' or ndif{ferent."
Such Judgments provide 6-ti-ites ot the magnitude of

the difference hetweén the tones whigh may be agesessed )

™

directly. In addition, the proceduée Appears to provide for
. !

o

. : 9
a direct test of the asslesilation prediction by assessing o S2

the perceived difference hetveen‘qulvalfnt S and C tones as [/
¥

‘a Iunctlén cf the I tone frequencye. .
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Method
&

Desigu end Precedure

Each § was taken to an acoustically dampened experi-

mental chamrer and provided instructicns which fully

described the/purpose of the experiment. The firet two

sesslorns were devoted to a tralning procedure and practice
sessionse. The remuinlng sesslions constltuted the experi-—

mental précedure._

~
~

Practice Sessivns. The tonatl i of the practice

2

2

sesslions consisted of com@inatlone“o{ S ahd C tone

trequénciés which .included those thﬁt'woul ccur duriné,tbe

2 > .c»‘

experimental eesélons.,.Eighf S tqhe frequénéiés, rang;nj

o S . ! J N
between 700- and $60-Hz in 40-Bz 1ncremen3§, and 11 C tone
ety L K o [

frequenclies (SibO,‘%ﬁQr‘tQO, 120,‘¢10, and.S Rz ) were

-

factorially co%plned to form the &8 trials of any session.
Five random sequences %t the trials were formed, o1 which

each $ reciveved two distinct orders. The stimuli were

aeneratéd by means of the LCL—A loglic of a PCLP-12 computer and

- a Wavetech (model 116) voltage controlled, audlio oscillator.

J
'

The § initiated each trial of the experiment by

pressing a gush-button mounted on a panel in front of him.

k4 .

Two seconds following th\llnhtlpa of a signal Igmp, the S

(&)

tone was presented for le.S-sec, followed by a 5C0-asec .

. alient retentlon:peglod,<and then the C tone presented for

1.5—-8ece. The sequence and durations of the stimuli were

’
'

3
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A}

controltled®hy a computer grogram.® Following presentation

v “
of the& stim- 1li, the § was Instructed to judge the ditference

“

'

b : the pitdh of the two tanes.

r

Judgments of the magnitude of the difference between

the pitch of the tones were made hy\péans of grephlic

* ..

A

HZE}tlnus. The S was provided a booklet of B.5- x tl-in

. v . .
paper, each sheet containing 12 lines 12 cm long. The ends
of the /lines were labeled‘%ﬁuch lower" and ﬂmuch higher",
. B v b’h R
m*th the centre labeled "same“}é T%g § vas lnstructed to .
=X ) .
estimate the“mugnltude of dlfferggco ﬁptween the S and C.

n4‘
AR

tones and tO'record th(wéliference by ‘placing an. "X" at some
oo N
point along the llne.'”I{ the C.tong axrpehared to be lower

- : . ’ i - . ’ ' .
than the S tone, the.ﬁ was instructed 44 place the "X" along

the line in the dlrectiqn ei the "much lower" end.

P

'Conversely, it thegC fom_‘ﬂus higher “than the .S tdne,.the.
Nj 4
l e
nyn wuh fo be placed glfn‘ the other hulf of the line. " The

mngnltude«oi the dlirerence between 3,6nd C tones was
.o \ / ! .

indicated by the proximity of the “X"/to‘the end of the

.

lines That is, the closer the "X" was- to the end of the
line the larger the perceived difiference. -Each training

sessio¥ lasted approximately one hour and was halted ﬁldwhy

» i

to provide the § with -a 10>min rest period. -
e N . B .
Experimpeptol Sessiong. Following the two training

-

®This experlnent utlllzed the t’ei~!tioa ‘of the
Psychron Laboratory within the Dcpartnex| of Psychology.
The cooperation and assistance o6f DBr T. Nilsson in the
degign and crnstruction ot the apparatus is appreclated
'g?eatlé..' . T

3

N
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sesslonél'the S8 were ulvehflnaj¥u€tlons lndIVIdUnlly 16f
the second phase of the e*perlnent. Essentially, the S was

told th;t all conditions of the first sessions were included
in the second, with the exception that an lﬁ¥ervenQng tone

would; likelp cccur betwgén the S and C tones. The § was

b4
1mp11c1t1y told to 1gnpre “the I tone, should it cccur, and

to otteng to the dliﬁa;ence between the tqut and last tone

,’."

of the seriege. ‘Alana&‘uctions remained identical to
: LR AN _

those 6f the training stélv'.

’

w o ot
- Each ﬁ eerved in three’ 1ndeptndent1y orderedjf.

[
j

G
. /
répllcutlona ot the éﬁperlnental conditionss The 308 trials

by
v by

ot each replication were ng!ed‘by factor%glly cdubﬂplna

fqur S %one ffequencies (780-, 8‘34, 840-, and 870—82), .' -it'

. g . ) _ . : .
seveh C Jones (S:30; $20,1t10, end S Hz), undglo » tone

"

. N ‘ @ N‘i W . ’
‘frequenclés (St5, 15, 25, 240, and 1100 Bz ). ™haddition,

v

fval occurred as often as any I

an unfilled retention
ﬁne ~1req§:ency. The dur
- N ’ ,\‘}

'see, separated by a l-sec retention period. All other .

- Sl .

T : LT . ’ P
on of-the S and C tones was 1.5
. .

P

conditions of the experimental egaslo%s yere‘§dqnt1gal to.,

- . - 4
those of the training sessiopgs.
4 4

'
N ) ()’.\'

Dafg were collected in successive 1 hr sessions (no

. . R M3 -
mbreathan one per day’), with a 10-min rest periocd gprovided

. CY
midway through eac? sesslane. Each replication required

approximately 1.75 phr to complete.

‘The S8 were four vqlunteers who were paid $20 for their

participation. The training and experimental sessions

3
o -
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r-quired no less than 8 hrs to cosplete, Two of the S8 (TJ

wnd CC) had prevlousl;, ved in expgriments requiring

szchopbyslcaINJUJH-Q : ° M : ~:

. Regults
. o .
The data of each experimental session consisted of four

replications of difference Judygments for each of the S, I,

and C tone comxbinations, one at each S tone frequencye.
Initially, the data were scored in terms of deviations from

“equéllty," as estimated by the mean judgment associated

_ - e o .
with a 0O-Hz difference hetween S and C tones following a a
. ’ % , Era.
blank retention intervalt. , Td increase the'numb@s of

i

"observations at each S, I, and C toné combination for euéh.ﬁ

- .

y the difference Judamente were then combined for equivalent.

“ \‘tonepdltterence relatfoﬂshlps. For example, the'éétiinteé -
- ~ _ -

P 0
W of the difference for a C = S+20 Bz in the presence of an I
o R i, ﬂ"d';

tone ‘15 Bz lower than the S %bne were combined witb the
.. , N A .
difference judgments for C = S-20 Hz and I = §+15 Hz., The
- -
o mean pitch-difference judgments, formed over the 24 combined
oy . N .
observations iqr each §, are presented in Flghre’% for the S
. s _— : T
‘. gnd C tone difference conditions.

b’ I LA ’ .
St ‘Vadyes along the absc&%sg of Figure 6 represent the
. . i : . N >

- R . . N - N
magnitude of thégdltterence bet'een S and ] tones, and the

position of the 3 tone with respect to the S and C tones. ,*;;tw,
. -uﬂ

‘ When § # C 1he datu polnts at +40 sz for exumple, are means’

torued over conditions in which the I tone was 40-Hz .
! k]
v
different than the S tone and lpallateral to the C tone,

_'hile data poldta ut -40 Hz are means formed over the Same S
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ence" produce‘,by ipsilateral I and C tones, or the

75

and I difference but under conditions of contralateral I and

C tones. For conditions in which the S and C tone were

¥

identical (LQ&.,C = S Hz)y, values along the abscissa are th%a
iﬁ*

I - § tone difference. e

A rather surprising outcome of the experiment was thﬁ.
,Ql

'y
fact that, in nearly every case, Jjudgsents of the dllterenag
between S and C tones were#enhanced by the occurrence 8{ an
" . ) , ‘I(‘,‘é

I stimulus during the reténtion interval. The most notqb%e

. LA . h
exceq;}on to this occurred when S . and C tones weréd
identical. dengehts in thése conditions were the most
indicative of "assimilation" of the S tone by ditfering I

€

Atone'iasvJudged»"hlgher" than. the S tone Jf

tdnesq Thet

ne

the I tone wag lower lgpﬁf!qpency than the S tone.

» * B ) . .
Coyrespondlngly, when the I tone was higher than the S tone,

the C tone was judge« "Lower" that the S tone.

~

Effects 61 the similarity bétween S and I tones were .
apparent under conditions in which the S -pd C tones
differed, as well. The functions of pltch—dlttérence
Judgments dltie*@d for 1psilatéfa1 and.contralaterul I gnd C

tonese. It was ra}e, however, that the aegree‘oi "interfer—

+

'

"tacilltatlan"\!unctlon und®z contralateral conditians

matched that.ot the S = C taone condi tions. , i

. B : Q.._,'&_fl" A\ - .
“An analthnfs r;d-ce-was conducted on the mean

pltch-diftference judgments, exclud;ng'those following the

bthk getentloﬁ'lnterv le In additiony'a dummy variable
P ‘ - . .
. Py . . .- 3

;(LOCUS'I-S C) was lntrbduced.tc'qlvlqe'levels of § and I

- . . -

.

R
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St

/

tone similari:'y nto

summary of that an@ﬂysls is
i
i

|

|

Summary of Analysls of Varvu

tone conditloose.

wo Table 4

v

B

"

Mean Pltch Dliierence Ior Co ditlons

Involving an X Stlmulusy

76

pailateral and contralateral I and C

presented in

SCURCE Ss¢ dt NSQ !’
_____ _)..__...__._........._--_._..__._..___-_..____.._----___...___
§ suauﬁcxa {o] ~23. 940 3
VITHIN SUBJECES - 106. 605' 39 #
) .1 TONE [ 1] 2.930 4 4.44 *
W “C-IGNE [c] £5.784° '3 14.80 *x%
EEEE O S 2.363 12 1.79
‘ LOCUS I & C [L] 9.032 1 4.03
L x 1 2.990 , 4 3.38 =
L''x C 1.058 3 3.53
L x1IxC 2.448 . 12 .%95 1.57
RESILCUAL 38298 117 «327
o x I 1.981 12 .165
0 x C 17.392 9 1.933"
C x I. x C \'IL 3.853 36 «110
C x L 6.730 3\, 2.243
0 x L x I 2.654 12 «221
¢ xL xC .« 899 9 . «100
‘¢ x L x.I xC 4.688 36 «130
GeTAL 168.844 159  1.062 P
%nt()‘#(}s -
k% p < .QI '

-Table‘4.

A slgnliicant etiect ot the dliterence between S and C

_tones upon ‘the pitch—dliterence Judg-ents was evldcnced,

»

i
i
b

;.giij.ij a
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F(3,9) = 14.80, p < .01, Similarity between the S and I
tones atfected the magnitude of the Jjudgments, F(4,12) =
4.44, p < .05, but this interacted with the locus of the I

and C tones, F(4,12) JGB.SE. R < «05. Neans for the L x I

interaction (Flnuré 7) clearly show the nature of the

affect, When the I and C tones were lpsiluterntyto the S

o)
oy

tone, increasing the difference bhetween £ and 1 tones

. W

decreased the magnitude o0of the pltch-difference Jjudgmentse.
For contralateral I and C tones, however, the Jjudged
difference betiken S and C tones showed little effect

regulting from the similarity between S and I tcocnese. An

analysis of trends of the L x I imteraction demonstrated

’

gignificantly different linear t;fnds between contralateral
E2

and ipsilateral I and C tone-éondltldns, F(1,12) = 13.18, p

< +01. Judgments of pitch difference under conditions of
- f
ipsilateral I and C tones decreased as the S and I tone

<

difference increagsed. For contralateral I and C toneg, the

Judguents remained relatively unatfected the~difference
! e

Z’ between S and I‘tones. This difference in .(inear trend

a
{

accounted for 97.5% of the variation attributed to the L x 1
interaction. None of the remalnlqa;lqteractlons or main R

effects of the-ahalysls of variance ie;e,eigniilcaht.
m:.cnm_qn . '
An assimilation hypothesis, as it applies ta the
gtorﬁaé-;oraefxing model (laééaro} 1970a,‘c),v§reé1c#s three
‘ii  dist1hct1ve.characterisélcs y}th1h,Judgmenta.ot pitch— ¢

difference; if such 4pdgnehta are to be consistenttw;th

Y
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previous interpretations é’%ﬂ (Green & Swets, 19866;
Wi@kelnren, 1966, 1869; Nassaro, 1970a,vc).

' First, the Jjudged diiferences between S and C tones
should be ¢urv1:1nenr thctlons of the similarity rtetween
the S and I tones. Under conditions in which the I Qnd C
tones are presented on opposlite sides of the S tcne (contra-—
lateral to the S tone), Juéged differences should xnc$3&se
initially as the diirerencg between S and 1 tonesg 1w
increased and retufn to a level equivalent to the blank re-—
teqtlon interval as the diiterence between S and 1 taones
becomes extreme. When thé I and C toneF aré ipsilateruthé
the S tone, uqﬁ&pposite “'ect should be no;ed. .Inltlully,
Judgments shom ‘ﬁ%g less fﬂuh those followina the tlank re-

vt b

tention lntervalq should decreage more as the diiference
q

between § and I tones increases, and return to the level of

the blank retention interval at extreme S and I tone

differencese.
. -3
Only conditions in which the S and C tones were _—
. '40 > (5 &
1dent1cal evidenced effects vﬁ?ch approxlnnted this

. '
Yo
«

predictlon. VWith the Exceptlon of tuo cases under th& C‘e

s+20 Hz condltion and one Iqr C = S+30 Hz, the presence of PPN

any I tone durinn the retention. interval substantially

4

1ncred%%d tte mannltude ot the Judgnente between phyeically
o .

different stimuli. The tunctlona of pitch diiierence

Judgnénts,tere ataflstically diiterent far ipsilateral .and .

_contralateral I and C ‘tones. The dilierqncés. however, were

due prlnclpullyftodlfiereﬁtta1 a1pp’ﬁ of linear trends .

T
f

L

«5
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to be 1n11u¢ncea by I toﬁes-beyond s+25'Bz.,

B8O

associated with the difference between S and I tonese. For
contralateral lvand C tones, Jjudgments ot pltcp difference
did not show the curvilinearity predlcted by an éssimilatlon
hypothesise. In fact, there was a tendency for the trend tp
he in the dlrectloﬁ bppoelte to the prediction when C # S.
If the 1 and C tones were ipsilateral to the S tone,
Judgments typically showed a steady decrease in magnitude as
the difference ketween S and I tonés'lncreased.

. Secondly, the range undinqgn;;ude_of th;.l.tone effect

T } .
~ v .

- -
should be equivalent for I ald '€ tones which are ipsilateral

N

or contralateral to the S toﬁér Thus, folloving the first

frves ehould g%i:ir;or lia‘es of one

prediletion, the“
. L‘.

%ékus é’ the I and C tones

.

another. The.: lnteractlon het'eﬁh

and the frequency of the I tone ias alignificant,

‘

demonstrating differential trends between the two.

&

conditionse. The 4shapés of the cqrve‘mwever, were %ﬁ:
consistent with the predictiong. Mdreover, the ranﬁé’pnd
magnitude f‘the I tone eiiegt was a function of the

A

'loéatlon of I and Cetones. yBRee. greater effects on plfchf.

\

di’Yference Judguents.'gbé noted by idcreasing the difference

had -

between S and I tones when the I and C tones were ipsilater-

- -

“.al than, when they were éontralgteral'fo the S tones While

-

ﬁtiects of the I tone Appeared to have‘é'negligihte-eireét

" beyond 5725 Hz, the Judgments of pitch-difference contlhuedA

Ry -”

LIRS

* 1o

The third prediction requlres purallel runctions of

pitch~dltierence Judgnenta tp be evidenced,tor each S and c .

BN N\

Sy
o
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. ( .
tone difterencee. The analysis ot variance failed to

demonstrate a significant L x I x C interaction, providing
gsome gsupport of the predlétlon. This 1is ot little

consolation, however, considering the failure of the data to .
. . ’ Y

> G

satisfy the othér predictions. Taken together, there wa
. . [
»

very little evidence to suggest that the similarity between
the S and I tones affected judgments in a manner consistent

with interprefations of'asélﬁllatlon of the S tone truce“

-

(e.g.,;Pratt, 1833). o , . ‘ »

The results of Experlm%a( l'suéﬁested an alternative to
\ ' ’ o .
the assumptions ot thq assinmilaticn of the S tone trace by

!

the presentation of the’ 1 f%MQ; 'Vﬁen

he‘i_stinblus
océugled the.lnterval betfeen the S and -tones in that
experl;ent, d;scrfnlnagion wné asfﬁbod-az hat fﬁllowlﬁgﬁd ;
blank retéﬁtibn 1nter§dl. Hencé§ lf dlscrimlnatiﬁL‘is a\

; S . . . ‘
.Iungtlo; of theb"diatgncé" betwegn‘the mehgs ot S and C ﬁohe .,

strength gredients (S*' and C'), Jjudgments in these "taonal

stalpcase“ conditions should be ualntu}ned at leyels at , .
least equal to those following the hlank retention interval. ,;Qs

leference'Judjnents should drop below the blank condi tions
" — . $ : ‘ L .
in sltuatlena which ‘evidenced interference vlth,discr;minb- ' o,

tion; 1ees, under contfala?erai I qnd C tones or when the I

»toﬁe is located beiogd the S and C tone interval,.

'This wae not supported by the results of the present . ”~‘ :

'expéf;-ent. Judgments dtith¢ ditterence hetiéen S andy C o L
tones were maintained above the blank retention intervals C =
for "tonal stalrc&ée"'condifiona. ~%her§ was some evldénéé

|



of "intprrérince" yhen the I tone wasg located beyond the S
and C tone interval; when C = 5;20 Qnd I > s+40 ﬂz' for
example. However, judgments ;f pitch-dlfference when the I
and C tones were contralateral to the S tone neveér dropped
" below levels asgociated with the blank retention interval.
1¥ was Just these conditlﬁ%s.ln Experiment 1 which produced
L
»

evidence of t{{e greatest interterence with dlscrlmlnotlon. : .

®.

f”f If the effect of lnteypolatlng’an I tone between the S énd é
e N ' .
8 . tone frequencies wasltqlunl?taln the "distance" between
RO | them, the‘fﬁné@iovglbt pitgh—ﬂl}?eégqﬁe‘Judﬁéents should be bibﬂ
daﬁehdent uron thé diiterehce'betwegn Svund.C tones. The 7

‘

nonslgnltlcant L x I x C interaction Iulled-to supporgJIhl?

predictlon. g : = .

In sumnmary, while Judgments of the difference between
° . .n? S

Tthe pltcb ot t‘f tOnea were lnilugpced by presenting an I

t

-,

stimulus,during the retgntlop‘intervgl, the effects were not
jqohsiqteqi Qlth predlcélén; ofian-assiullaflon hyﬁothesbb.
£ L]
T&Prevloua lnterpretutioTs of d' as repreaentlng the
ditter,née ﬁetwéen\th; means ot the Ssand C tone strength
- .}wzradients (Vlckelaren. 1966, 1969. Maséuro, 1970a, c),'Qere
shown to be inconsistant with the $'s judgments oi the ’ -;
5d1£1eren§g petween the tones. The judgments of pl%ch~
.zdlfteréncq:iégevnot consiafent with previous;results from 
tofced choice rébognlfloh qr'd{acr§mlnatf§n experlipnts.
There was no cleé; ivld;nceithat pitch-diftefen;é é%uld
L ’aéesunf Io£~the eiiécté 6! kﬁﬁintcrvénina sfi;ulue*u?on the

.discflnigation of two tones.



~evidence ot‘interferanco’produced by”the'ihterpoléted |

o CCNCLUSICNS

FPour main conclusions may be drawn from the results of

these experiments:

1) The presence of an intervening tone substantially

*

lntluencék the discrimination between the § and C tones,
2) The ejfécts of the I tone are dependent upon 1ts

relationship to the S and C tones, but the effects ard not
J
con.l“%ent uith an usslmilatloﬁ hyﬁ%theais nor predictlons

<

#ﬁghe storage~ rornettlnd model (Nassaro, 197Ua, c), ”15

o ' .
3) Judguents o! pltch-dliterenCe appear to be 1ndepen~ g

dent of the{yertornunce ot 55 in a torced cholce dis&rlmlna— l ‘

¥ . . ' " ! 4 ,,.‘ \,

tion task, and. " ; . ' 'géf
v b
; T

’ . \.1 . . . ' ,—.‘ .
4) The effects of the I tone in a forcedichoice dis~:

crimination taek are most reasonably accounited tor by

H H .
»

7 hd . . . . v
assuming that the I tone atfects the)ﬁ's deaision-response Co T~

: . | \
criteria. * - i *

]
7

The arguments supporflng these concfuslons are rather

complex and are best presentéd-by a review of the evlhégce“

upon which, they are based. .~ 1 o /J : A .

o>

7'Exper1uénf~1'proQ@déd{ivldencg'di‘the effects of
presentina‘ug I stimulusg duiing the re{enfiop'interval of a
tworalternative forced choice discrimination taske. Previous - )
. . “ i‘->-
P
stimulus hnd been 1nterpreted eith@r as epipbeno-epn of, '

—_— ' ' i o~ l[

i
particular expctluental cdﬂditiona (o.g., '1ckelaren, 1969)

or retrogctlve etiects upon thc -emory trace ox the standard
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A -

tone (Pratt, 1923; Nassaro, 1870a, c; Leutsch, 1972b, 197Sa,
N \

b)e The results of Experiment 1 supported the latter
conclusion when I and C tones were located in ofpposlite
dlrectlonn”from the S tone frequency (contralateral). If
the I and ¢ taoanes were ipsilateral to the S tone, interfer—
ence was evidenced onyy-when the 1 tone was pl;cedlbeyond
the interval Letween S and C tcnes. Such resu}tq are-not
consistent with assumptions that the gimilarity tetﬁeen S
and I tones affects the degree of retroactive interference
produced by the intervening stinulus.

Modéls of pitch mémory which assert that presentation
of intervening stimuli actively influences the memorial

trace of the S tcne (ee.gey Lauenstein, 1932; Pratt, 1933;

Massaro, 1870a, c; Deutsch, 1972b, 1975b) have led to

 conclusions that effects of the similarity between S and 1

tones are a function of a "shift" In the S tone ‘trace.  That
isy, the & tone traceils assumed to be assimilated by the 1
tonthrequency (Lauenstein, 1932; Pratt, 1833) or d;cny is
retarded for a portion of the § tone.trpce as a 1unctlonvof

the similarity ('overlap') between strength gradients of the

S and I tones (eagey Deutschy .1872b)e . In addition, the TSD

statistic d' (Green & = - t8, 1966 ) usually has teeéen assumed

to‘be relatgd to the dii{ference between means of the
strength gradients for S and C tones (Wickelgren, 1866,
1969; Massaro, 1970a). Thus, ;he effects of the similarity
between S and I tones upcn d! may be interpreted as

representing toe tghift' in the memory trace of the S tone

Ll
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predicted hy assin lation-type models.
It was argued that, should variatians in d!' represent

changes in the mean of the S tone truce due to aesimilation

by the Iintervening stimulus, Jjudgments of cteh itference
should provide substantiating evidence - ' . “te
Moreover, i1f "same—-ditferent" judgments e for 4 on the

-»

basis o1 pitch-ditference, Judgments of the dltiérence
between S and C tones should evidence functions csimilar to
those fron the discrimination task. The”results of Experi-—
ment 2, while evidencing effects of zpe simllérity between S
and I tones, were not consistent wlth.predictione arising
from the asslmilation—fype models nor were the funptlons of
pitch-ditfference judgments similar to those of d' within a -
two-alternative 1orce? choice discriminétlon taske.

Whgn pitcn—difference Judgmenis'were formed under
conditions of ipeilateral 1 and C tbaes, evidence of a
reduction in the difference betweenls and C tcnes Ag a
function of the similarity betweep S and I tones was
obtainede. When the I and C tones'wene contraiateral\to the
S tone, there was very little evidence that the S tone trace
was "assimilated" by the 1 tonee. Intérestingly, Jjudgments
of the ditference between distinct S and C tones were nearly
always augmented by the presence of any intervening
stimulus; results which clearly were inconsistent with
evidence from discriminaticn tasks.

X ‘

It was cocncluded that the evidence of Experiment 2

provided no surgport for the assumption that Ss employ pitch-

e
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ditference as the mechanism to distinguish S and C tones as

"game" or "differenti" In addition, interpretations of d'
A ! -

as representing the ditference between memorial traces of S

It

an. « tones were brought into question by thg results of
;Expcrlment 2 The ab{lity to discriminate between the pitch
of two tonee, however, is systematlcglly related to the
physicai difference between them. Effects upon discrimina-
tion which a;i relnteg to the nature of intervening stimull
bhave been well dccumented (Lauenstein, 1832; Prat}, 193335

Massaro, 1970a, c; DPeutsch, 1972a4 b, 1973, 197Sa, b; J. /(/

‘
/

Siegel, 1974). - The results of Experiment 2 suggest that

they are not retroactive effects upon the S tone memory

.
*

_troce.

These effects may be accommodated by assuming that the'
S'employs some aspect other than pitch-ditference to dis-
criminate between the S and C *cnes. Wickelgren (1869) has
suggested that "familiarity" 1is the dimension ugpon which
discrimination is basede. It was argued earlier that his
conceptions .0f familiarity do not necessarily exclude
properties of a pitch dimension. Deutsch (1992b, 1875) has
proposed a model which incorporates a tempor&l—sequentlay
dimension similiar to fawiliarity, as well as a pitch-

. . .
freguency dimegahon in the discrimination process. In the
storage-torgetting model (MNassaro, 1970a, by c), discrimina—
tion is based upon aspects of a unidimensional ritch-

9

frequency dimension. . o

In all of these proposals, the‘presentntlon of the S

S

N N

3 o
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tone is assumed to establish a strength gradient along an
ordered dimension related to the 1redbency of tke tone.
When the q tone is presented, the S is assumed tao sample

from the S tone trace corresponding to the perceftlon ?f the

by
N

Q'tOAe pitche In each o0t these models, discrimination is
assumed to follow assumptions of TSD. That is, discrimina-
tion is related to the‘character of the saypled tone
mln_uy.e 1o some criteriopn assocloted with accerting the C
and S topes 85 bevips eauivelent pitch. Rather than
agsuming that the intervening éfimulua alters the memory

trace of the S tone, it is more plausible that the I tone

affects discrimination by altering the S's declsion—responqe

.

‘criterigon.

Discrimination following a retention interval filled
with an intervening stimulus is reduced, relative to the
h}ahk retehﬁlqn interval, because of changes in the 5';
responge—decision criteridn. This criterion is assumed'to

vary with the similarity between £ and I tonese. In

- Lo

particular, as the:  difference between S and I tones
N

1ncreaqes. the § adopts a iore strict gcriterion for
Q

Lacceptlng and ;égngjgg‘the S and C tones as '"different."
Stated within the context-of TSD, the likedihood-ratio
crlterlqn ﬁovernlng the decision process is a;iecfed by the
ginllurlty bétween S ana 1 tsnes. Within models of pitch
memory, a areateé degree of activation ot the "ianiliurlty

representative" (Wickelgren, 1869), or, equivalently, the

relative uemory'strength (ﬁassaro, 1570a; Deutsch, 1972b) of

-~

&P

)
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the sampled S tone trace is required before Judgments of
"different" will be given by the S.
"Interference" produced by the intervening t’nes is

assumed tc be a curvilinear function of the similarity
\e N .

between'S and I tones, and symmetric about the S tone

.

frequency.. That is, &e'the dil!erenqe between the S and I
tones increases, a more strict décislon—response criterion

is established by the § until the S and I tones are

1

"dlétlnct." For distinctive (i.e., Tow similarity) S and 1

o

-tones, the'déclslon—response criterion approxihdates that for

the blank retention interval. The puradoxicql lack of
interference proqudbé in thei"tonal staircase"” condithns of
ipsilateral I end C tones is accommodated by assumptions
regaf&lﬁg tte response sirategiés hval}ﬁble to the Se

Whlte d&ggrimlnation Judgments may us@ally te Iopneé on
the basis of "memory strength," it ig difficult to’i;agine
that Ss employ_that'process in conditions of a "tonal
staircase" arrangment of tones. This arrdiangement of tones
is quite dlstinctlfé, Qnd,the relationship bet;een *he S and
C tbnes 1s obvious to theklistgner. Tﬁe §s,1é Experlmentil
typically reporfed that discrimination was easiest under |
- these con@itiéns. Vvhile they repoﬁted'they weré trying to
"1gnoré" the I stlmulqs, virtuyally ali Se related their
Ju&jnents under the‘d;onul staircase" conditloné to the
yelatlénshl; hetween the three tonese. Thus, if arpears that

/ -
the procesgs of discrimination is dependent upon the nature

of the intormation avajilable to the § within the stimulus

@
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complex (Siegel, 1974). If the difterence between S and C

\
\

tones 18 easily extrapolated from relathons among the .
L.

stlmulf, digcrimination is likely to be based upon those. f ‘

In the absence of more obvious relationships, such

9
strategies likely are apandoned and discrimination based

upon the memory trace of the S tone.

It is dliticulthak develop unequivocal evidence that

“"interference" is produced by shifts' in the §is<deolsidn—
regponge criterione. First, discrimination involves not only
-dlscrlmlnability of the stimuli but also response discrimi-

nability, or "the,extent'to which a listenser can dlscr%ni—

i

nate the correctness of his own responses to the information

t

AN
source [ie.e., presented stimuli]" (Pollack, 1964, p 449).
Second, the decision-response process in recognition and

discrimination is affected by variables which are only
. 3 ’ .
partially under the control of the experimenter (Kintsch,

1970). These include factors which have been viewed

traditionally as influencing "resronse bias," as well as

. ¢ E
those which influence the "imperfect" observer; i.e.,
L 4

perceptual and memoriatl inputs to the decision system

(Pollack, 1664; Wickelgren, 1868).

Evidence of criterial shiftse may be gleaned from the
analysis of errors of discrimination.? It should be nbted

Al

7These measures are frequently identified as indicies
of response biase. “"This useage is unfortunate Lkecause
neither 'respcnse' nor ‘bias' gerves to distinguish thé
mechanisms assumed in threshold theories from those assumed
in 'detection theories" (Green 6§ Swets, 1866, p 409).

»
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that these data are “wot free from effects of other
variablesge. On the othervhand~1t is\:ﬁt clear that gyy
measure of Eertornu;ce, Including ISD statistics, may be
"uncontaminated" (ct., Banks, 1;70; Lockhart € Nurdock,
1970). Armed with this Ccaveat, what do the data suggest?

.Massaro's (1970a, Exp II) data indicated that fhe

proportion aof errorg ("same'" responses when S:# C)

-—

» .
increased, not only when the S and C tone difference was

smaller but in relatfon to the éluilarlty between S and [
tones. As noted earlier, MNassaro concluded that Ss
"required a much larger perceived difference betére they
said 'dltigfent' with uvdleslmllar I stimulus [ s+90 Hz ] than
with a similar I stimulus [S+20.Bz]"_(p 35). These results
are attributed té varyiﬁty'response ﬁias' and/or response
atrategles of the Ss. Th; intent of this explanathn is not
clear,”but it certainly does not pfeclude systematic changes
lA the §'s decision-response system, The data of Experiment
1 are éonsiateﬁt with those t;om'lasea;o (1970a)e The
deneral effect of decreaéina.the siﬁllarlty between S and I
tonees was to increase the proportion of "snmé" ;eeponses
wh;n.s £ C; l.e;. establish more etrict criteria of the
decision—response systeme. The I x C interaction apparently
is attributed to extra-criterial effects of the '"tonal
staircaag" conditions and 'biasg! introduced by the constant,
location o;-the I tone. The data provide some support for
the hypothesia, however.

Similar interpretations of discrimination "errors" hHave
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been provided In studies by Aiken € Lau (1966), Bindra, et
.ale (1865) and Angell & Harwood (1899). Tpe latter study
Bhowed evidence of a reduction in discrimination as a
function of increased perlods of retentlon. Bindra, et al.
(1965) noted thut‘dssumpticng of dliterentlal‘declslon
criter}n accounted for errors of discriuln;flon at twao re-—

tention intervals. In that study more errors were evidenced

at the longer retention interval, bhut the ma jorlty were

-,

Wfalse detections!" ("ditferent" responsee when C = S) for
both retention intervals. Aiken € Lau (1966), while showing

no effect of retention interval ugon correct discrimination,

1

noted a similar pattern of errorse. Each of these studies
involved blank retention intervals, and it is nécgssafy to
consider this factor when interpreting the results.

n

While "thére is no guarantee that the S's criterion
remnlés constant over time" of the retention interval
(Kintsch, 1870, p 235), ?he éitects of increasing the reten-—
tion interval need not be limited to factors ot the
decisionfresponse processe. A decaying nemory'trace of the S
tone would lead to equivalent datea. As an example,
following presentation of the S tﬁne, the memory traceils

assumed toc lose strength in ‘an exronential fashione. During

presentation of the C toné, that trace is sampled and the

"streng ot the sample matched against some fixed

criteridn. ncreased errors of falsely detecting a

differen tween equivalent S and C tones would be due to

> -
less and eeges of the S tone trace exceeding the strength
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’

criterion ot "same" as the retention interval increased. It

t
is possible, however, that changes in the decislon—-response

criterlon and decay of the S tone trace may interaét to

produce decrements in dlscrlminatlon with Increases in the

retention 1nterval. For many reasons, not the least of

which is the variety ot variables left uncontrolled during

blank retention lntervals (Wickelgren, 1866, 1{68; Massaro,

1970a), it is not clear that one or the other alternatives

{9 the correct one. -

v

Jesteadt &€ Sims (1975) have suggested that "memory

'

- Al
variance" in discrimination and detection tasks is best

interpieted as variance within the decisjion-response

processe Comparing a variety of detection and discrimina-—

7Y 4

tion tasks, they conclude: \

Memory variance is entering into decislon
processes in the discrimination task but not in
the detection task eeee The additional source of
‘variance is not related to a specitic signal
ensenxble tut is central in origin. The apgroach
most compatable with 1ISD is to interpret the
memory variance ag criterion variance and to
assume that the criterion is more stable in
detection than discrimination tasks (p 1167).

Results of the present experi.ente lead to a similar
inte?pretatlon, but sugg;st that differential mgchanlsms are
involved in tlye discrimination of tonal stimuli, depending
upon the task demands placed upon'the Se ¥hile deguents o;
pitch-difference may be based uron the percelved d;i!erénce
between the sflpuli, same—different Jhdg-ents are note.

Ei ther chkelgreh'e (1968) hypothesis of "!qmilfurlty" or

Massaro's (1870a, c) '"strength" model may account for the

»
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pnoCiﬁﬁ ot discrimination. Contrary to w1ckelgreﬁ'§ (1969)

agsumptions, similarity between the S and I QQHes

7

sysatematically effects discrlmlnaflon- The'nay?}é of this

TN

“effect 1s . Lest interpreted in terms of Ln!fh\ﬁgxﬁ upon the

; .

ﬁe retroactlve

A‘\\, w

decision- response process, ﬂntérr than

effects of the I tone upon the ﬁhmory traG‘ of the S toune as
B -~ A .
assumed by MNassaro (1970a). " It ls necessary to include the
{
role of "higher order" factors when dlscrlnlnntion may be

baged .pon relational froperties within the stlnuius

complexe.

w
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