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Abstract

Recalibration d loudress comprises a dfference in relative responsiveness over sound
frequency brought abou by contextual differencesin prior stimulation. Evidence from studies
of both loudnessperception ard audtory resporse times, as well as from studies of intensity
perception in taste, smell, haptic touch, and vision, suppats three general hypotheses: (1)
Recalibration in loudress judgments and response times consists of modifications in the
uncerlying sensory representations, and nd (just) shifts in resporse aiteria. (2) The
modifications in sensory representations themselves comprise adagation-like deaements in
suprathreshold resporsiveness. (3) Realibration aises when stimulus magnitudes (e.g.,
audtory intensity) are processed across a second dmain (e.g., auditory frequency) in distinct
chanrels (e.g., “ critical bands’); it arises from transient stimulationin ore or more chanrels
at intensity levds that are sufficiently great to “ adap” that chanrel or thase chanrels.

When listeners respond as quickly as possible to the onset of a tone, the resulting simple
readion time (SRT) provides a measure of intensity processing in the auditory system (e.g.,
Luce & Green, 1972. Not only does SRT decline with increasing signdl intensity, much as
loudress increases with intensity — the higher the SA_, the greater the loudress and the
smaller the SRT — but many parameters that influence loudness such as the presence of
masking nase (Chochdle & Greenbaum, 1966, have mmparable dfeds on SRT. The
inverse relation between SRT and loudness is nat perfect (Kohfeld, Santeg & Wallace 1987,
as these measures depend onoverlapping bu presumably nat identical mechanisms, but the
relation is close nevertheless Most pertinently, SRT and loudress depend similarly on the
intensity levels of other stimuli to which the listener has recently been exposed.

Consider the following experiment: Listeners respondas quickly as possible, after a variable
foreperiod, to the onset of a500-Hz or 2500-Hz tone, each of which may take on ore of three
possible SALs. In condition A, the SALs at 500 Hz are relatively low (35, 50, and 65dB) and
the SFALs at 2500 Hz relatively high (45, 60, and 75 &), and in condtion B the relation
between frequency and intensity is reversed, with SFLs at 500 Hz relatively high (50, 65, and
80 dB) and those at 2500 Hz relatively low (30, 45, and 60dB). A sample of results (6
listeners) appeas in the left panel of Figure 1. Two feaures of the results are important.
First, SRT declines as intensity increases (note that the scde of SRT isinverted so the airves
rise @ SHL increases). And second the relation between SRT at 500Hz and SRT at 2500Hz
varies with condtion, SRT being relatively longer at 2500Hz in condtion A andat 500 Hz in
condtion B. This pattern of SRTs strongy resembles the results obtained time and again
when subjeds rate or diredly compare the loudress of brief stimuli presented under
comparable stimulus conditions (e.g., Marks, 1988 19923, 1992h 1993 1994 1996 Marks
& Warner, 1991). The right panel of Figure 1 replots loudress judgments of 16 listeners
obtained more than a decale ago (Marks, 1988 using the method d magnitude estimation.
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Figure 1. Left panel: Simple resporse times to detect 500-Hz and 2500Hz tones in different
context sets of SPLs (Arieh & Marks). Right panel: Magnitude estimates of loudress of 500
Hz and 2500Hz tones in comparable contextual sets (Marks, 1988.

Consider a pair of acoustic signals that, under “normal” conditions, are judged to be abou
equally loud — say, a 500-Hz tone at 75 B and a 2500-Hz tone at 70 dB. Loudressat 500
Hz, relative to 2500 Hz, bemmes notably greaer, and SRT shorter, when the stimulus
ensemble @ntains oft 500-Hz tones and loud 2500Hz tones. But loudhess at 2500 Hz
becmes relatively greder, and SRT shorter, when the assignment of low and high SFLs to
the two frequencies reverses. Why?

At first glance, these changes in loudress judgment and SRT resemble the kinds of context-
induced changes subsumed under Helson's (1964 adaptation-level (AL) theory, and this
resemblance raises two fundamental, and conreded, issues. First, taking a Helsonian
perspedive, it might be tempting to assume that loudress at a given frequency is reduced
when the mean SAL is high, and hencethe AL is high, but enhanced when the mean SFL and
AL are low. By this token, changes in the stimulus levels may effed both increases and
deaeases in loudness. Alternatively, it is passible that loudness undergoes only reductions
but not enhancements, with the magnitude of the reduction depending onthe mean SFLs
presented. These dternatives, and they are by no means the only posshiliti es, are dosely
conreded to the semnd issue. What is it that is modified? Do the canges in loudress
judgment and SRT reflect modifications in the underlying sensory representations of intensity
at one frequency or bath? Or do the changes refled modifications in decisional processes that
listeners use in judgng and comparing stimuli ?

Contextual effects are often attributed to adjustments in pcst-perceptual processes, in dedsion
criteria or response production, and nd to changes in the sensory representations of stimulus
intensity (e.g., Anderson, 1975), and, in fad, Marks (1988 initially sought to explain (away)
the loudress judgments in terms of the ways that people use numbers in magnitude estimation
— for instance to a tendency to apply a mnstant range of resporses to signals at ead
frequency even when the mean levels shift acoss condtions. Unfortunately, this accourt
canna explain the cmmparable effects on SRT, nor can it explain why context-induced
changes can be measured by various psychophysicd methods, including dred comparison o
loudress differences (Schneider & Parker, 1990), direct comparison of loudress (Mapes-
Riordan & Yost, 1999 Marks, 19923 and selective alaptation (Marks, 1993. Processes of
overt numericd respondng are insufficient to explain these findings. Nevertheless, it is
conceivable that the cntextual changes do result from shifts in dedsiona criteria.  For
instance, presenting strong signals at frequency 1 (f1) might lead listeners to shift their
criterion at f1, relative to criteria & other frequencies, so that relatively greater “loudress’ or
“information” is needed at f1 to produce aloudness match, or to initiate asimple response.



Three hypotheses regarding recalibration
The evidence a hand, acawmulated over the past decale, supports threemain hypdheses:

(1) The context-dependent changes in loudress judgments and resporse times — dubled
“recdibration” (Marks, 1994 - reflect modificaions in the underlying sensory
representations, and nd (just) shiftsin resporse aiteria

(2) These modifications in sensory representations themselves consist of adaptation-like
deaementsin suprathreshold resporsiveness

(3) Recdibration arises when stimulus magnitudes (e.g., auditory intensity) are processed
aqoss a second domain (e.g., auditory frequency) in distinct channels (e.g., “critical bands’);
it results from transient stimulation in ore or more channels at intensity levels that are
sufficiently gred to “adapt” that channel or those channels.

These three hypaheses are couched in broad form. Suppat for them comes nat only from
studies of recdibration in heaing, but also from numerous analogous gudies in ather sense
modalities. Recdibration seems to represent the results of adaptive processes found
throughou the sensory realm.

Recalibration as a sensory process. Evidence from choice response times

Findings described thus far, bath for loudress judgnent and SRT, are consistent with bah
sensory and a dedsional interpretations of recdibration. It is possble to accourt for the
context-dependent changes in SRT, for example, in terms of differential changes in resporse
criteria & the two signal frequencies. To eliminate a dedsional explanation, it would be
necessary to control resporse aiteria, or at least to quantify their effeds and demonstrate that
changes in their location cannat explain the results. One gproadch is to embed the varying-
context design within a task in which the listener must identify the signal on each trial as low
or high in frequency. To do this, we caitalize on the finding o Keuss and van der Molen
(1982 that choice resporse time (CRT) is ®nsitive to signa intensity (CRT dedines as
intensity deaeases) if one uses a foreperiod that is long and variable. For this purpose, we
used a foreperiod with a cnstant hazard function; that is, the probability of presenting a
signal within a given smal time interval is constant, no matter how long the listener has
arealy waited. Importantly, the choice procedure provides measures of acaracy as well as
resporse speal. In dfferent test condtions, we manipulated na only the mntextual set of
SPLs at 500 Hz and 2500Hz but also the instructions, emphasizing speed and accuragy to
different degrees. Six listeners participated in two sessons in which they received aternating
blocks of trials containing tones from stimulus set A (low SPLs at 500 Hz and high SPLs at
2500Hz) or set B (high SPLsat 500Hz and low SPLs at 2500Hz). Listeners pressed ore key
if the tone was low in frequency and ancther if the tone was high. One session emphasized the
speaed o respondng (“fast” instructions) and the other speed and accuracy (“slow”
instructions), the am being to get a handle on the speed-acairacy trade-off at each frequency.
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Figure 2. Resporse times to classfy 500Hz and 2500Hz tones in two contextual
condtions (A and B), each under two different resporse instructions (“fast” and “ slow).

Tablel

Error rates for classifying 500Hz and 2500Hz tones in the two contextual condtions (A
and B), each under the two sets of instructions (“fast” and “slow”).

500Hz 2500Hz
Session Context A Context B Context A Context B
“Fast” 1% 23% 17% 17%
“Slow” 4% % 5% 5%

Figure 2 shows the results. In bah sessions, CRTs were monaonicdly dedining functions of
SPL, indicaing arole of intensity processing in generating the resporses. Further, the CRTS,
like the SRTs of Figure 1, reved recdibration: Whichever frequency had the lower SPLs was
classfied faster. Next consider the measures of accuracy, shown in Table 1. If recdibration
refleds gifts in criterig, then the relatively fast CRTs at 500 Hz with stimulus st A and at
2500Hz with set B should be acaompanied by relatively high error rates. This did na happen.
At 2500Hz, the error rates with sets A and B were essentially the same in ead session, and at
500 Hz the eror rates are actually smaller with set A compared to set B. Taken together, the
measures of CRT and acarracy imply that the recdibration has a sensory rather than
dedsional basis.



Realibration as channel-seledive “adaptation”

Evidence suppating the view that recalibration comprises channel-spedfic “adaptation’
comes from Experiment 15 o Marks (1993, which used a “seledive aaptation” method.
The eperiment had two parts. In ore, listeners were passively exposed to ore of two
different adapting regimens. alternations of briefly presented 500Hz tones at 53 dB and
2500Hz tones at 68 dB (set A) or 500-Hz tones at 73 dB and 2500Hz tones at 48 dB (set B).
Exposure to set A substantially increased the probability of judgng a 500-Hz tone louder than
a 2500Hz tone previously equated to it, and exposure to B substantially deaeased the
probability. In other words, relative loudressis affected simply by listening to soft tones of
one frequency and loud tones of anather. Even more telling was the outcome of the second
part of the experiment, where li steners were expased to just one frequency at one SAL. In this
cese, the louder tone produced recalibration comparable in magnitude to the recalibration
measured in the first part of the experiment. Exposure to the softer tone, however, had
essentialy noeffed at all.

The results just outlined are espedally compatible with the nation that recdibrationinvolves a
depression in resporsiveness (“adaptation’) resulting from channel-spedfic stimulation at
relatively high signal levels. Note that most of the experiments in the second author's
laboratory have used methods in which subjeds are exposed to two different kinds of signal,
such as tones of different frequency. Usingtwo dfferent signals makes it possible to measure
recdibration as a cange in relative resporse to the signals under different contextual
condtions (eliminating the “resporse assmilation effed” that dominates judgments of
loudress when only one frequency is presented: Marks, 1993, but can make it difficult to
determine whether two dfferent signals are required to produce recaibration. The results of
Marks (1993, Experiment 15) show that recdibration requires only ore signd (hence
adivation d just one channel), aresult consistent with ather findings (e.g., Mapes-Riordan &
Yost, 1999. Nevertheless, whenever a second frequency is presented, even if just for direct
comparison, repeded presentation d pairs of stimuli may produce “adaptation” in bah
frequency channels.

The prominent role of high versus low signa levels in recdibration is not restricted to
loudress perception. Armstrong and Marks (1997 reported similar findings in vision, when
subjeds judged the lengths of lines presented in haizontal and vertical orientations. Subjeds
perceved a given haizontal line to be relatively longer than a given verticd line when the
stimulus set comprised short horizontals and long haizontals, but perceived the same
horizontal to be relatively shorter when the set comprised long haizontals and short verticals.
Most criticdly, recdibration in the perception d length seams to depend onexposure to the
long lines but not the short ones, and to consist solely in reductions in perceived length.
Although etails have not yet been worked out in al modalities, recaibration appeas to
charaderize perception in most if not all sensory modalities.  Recalibration has been
observed in the perception of taste intensity of stimuli varying in quality (Rankin & Marks,
1991, 1992 2000, olfadory intensity of stimuli varyingin quality (Rankin & Marks, 2000,
and heptic perception d length of movements in dfferent directions (Marks & Armstrong,
1996, as well as visual extent and loudress. The study d Rankin and Marks (2000 is
particularly nateworthy because those investigators included conditions in which tastants and
odarants were sipped, and thus perceaved as “flavors.” The results showed that recdibration
depended on activating dfferent sensory channels (gustation and dfadion), rather than
perceived dssimil arity in the qualiti es of the stimuli.
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