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In real-world listening domains such as speech and music, acoustic intensity and perceived loudness are dynamic and
continuously changing through time. The percept of loudness change in response to continuous increases (up-ramps)
and decreases (down-ramps) of intensity has received ongoing empirical and theoretical interest, the result of which has
led to conflicting findings from a range of key paradigms. Therefore, the aim of this brief review is to: (a) describe key
paradigms used to measure changes in loudness in response to continuous intensity change; (b) identify methodological
issues associated with each paradigm; and (c) discuss the mechanisms proposed to explain differences in loudness change
when methodological constraints and response biases are controlled. It is concluded that direct and indirect measures of
loudness change reflect two distinct aspects of auditory perception. Specifically, magnitude estimation and continuous
loudness paradigms reflect changes in perception associated with a ramp’s direction and magnitude of intensity change,
and empirical evidence supports the conclusion that greater loudness change in response to down-ramps relative to
up-ramps is the real-time perceptual outcome. On the other hand, retrospective global judgements of loudness change
are disproportionally weighted on end-level intensity rather than magnitude of intensity change. However, an up-rampspecific effect of duration on global loudness change is evident when end-level response bias is controlled, and this may be
associated with end-point time-of-arrival responses to real and apparent looming auditory motion.

INTRODUCTION
The association between acoustic signals and their
perception is a fundamental issue in auditory psychophysics.
In psychological terms, the subjective percept of loudness is
closely related to a sound’s physical intensity and is broadly
defined as the magnitude of auditory sensation [1, 2]. However,
the relationship between acoustic intensity and loudness is
not straightforward. Additional acoustic parameters such as
frequency play a significant role in loudness perception, as
evident by frequency-dependent equal-loudness contours
[3, 4]. Mapping loudness across the frequency spectrum has
been made possible by the use of psychoacoustic steady-state
stimuli. These are stimuli with intensity profiles that do not
vary through time and thus offer the experimenter a high degree
of stimulus control. However, almost all real-world sounds are
dynamic, with continuous changes in acoustic and perceptual
parameters such as increases and decreases of intensity and
loudness.
For the purpose of the present paper, a continuous rise of
intensity is defined as an ‘up-ramp’; a ramp of intensity (in
experiments, most often linear) that continuously rises from
relatively low intensity to relatively high intensity. Conversely,
a continuous decrease of intensity is defined as a ‘down-ramp’.
Paradigms measuring changes in loudness both directly and
indirectly have been used to investigate the mechanisms
underlying the perception of time-varying, temporally
dynamic intensity stimuli. This is an important line of research
in auditory psychophysics, as intensity and loudness are
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dynamic aspects of real-world listening in domains such as
speech and music. Furthermore, fundamental psychophysical
research on dynamic intensity and loudness change has farreaching implications for and applications to fields such as
ecological psychoacoustics, music perception, composition,
and performance, sound engineering, and the design of
informative auditory warnings [5-9]. However, paradigms
used to investigate changes of intensity and loudness have
led to a range of conflicting results; results that can begin to
be reconciled with a systematic analysis of methodological
similarities, differences, benefits, and shortcomings.
Therefore, the overarching aim of the present paper is to
organise and briefly review research investigating the dynamic
percept of loudness change in response to continuous acoustic
intensity change. Specifically, the paper will: (a) describe the
key paradigms used to measure changes in loudness in response
to continuous intensity change; (b) identify methodological
benefits and shortcomings associated with each paradigm; and
(c) discuss the mechanisms proposed to explain differences
in loudness change when methodological constraints and
response biases are controlled.

DOWN-RAMP DECRUITMENT AND
LOUDNESS MAGNITUDE ESTIMATION
Early studies investigating changes in loudness as a
function of continuous increases and decreases of intensity
used traditional psychophysical measurements such as
magnitude estimation [10]. Developed from the seminal work
of S. S. Stevens [11], magnitude estimates of loudness in the
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current context require listeners to make discrete numerical
estimations of loudness in response to the intensity at stimulus
onset, offset, and sometimes intermittently throughout each
dynamic intensity sweep. In its simplest form, loudness
change is ‘indirectly’ calculated as the ratio between the two
discrete onset and offset loudness estimates. For pure-tone
up-ramp and down-ramp stimuli presented at durations from
~10 s to 180 s, the ratio of loudness change for a down-ramp
is greater than a corresponding up-ramp stimulus matched
on parameters such as frequency, duration, range, and region
of intensity change [10, 12-15]. The greater magnitude of
loudness change in response to down-ramp tonal stimuli
has been termed ‘decruitment’. As can be seen in Figure 1,
decruitment is due to the observation that loudness falls more
rapidly as the continuous 65-20dB sound pressure level (SPL)
decrease of intensity falls below ~40dB SPL [10]. This, in
turn, leads to the relatively low 20dB SPL end-level (offset)
of the down-ramp to be perceived as ‘softer’ in loudness than
the equivalent 20dB SPL onset of the 20-65dB SPL up-ramp.
The reciprocal phenomenon of ‘upcruitment’ does not elicit
such pronounced effects on up-ramp perception, resulting in
a smaller ratio of loudness magnitude estimates between upramp onset and offset levels. Furthermore, when intermittent
tones are presented with decreasing levels, decruitment is not
observed [10]. These data show that the specific direction and
continuity of intensity change over time are significant factors
for down-ramp decruitment.

Figure 1. Geometric mean loudness magnitude estimates of a 180 s
1kHz pure tone plotted as a function of level for three modes of signal
presentation: upward triangles represent responses to a continuously
increasing (up-ramp) tone from 20-65dB SPL; downward triangles
represent responses to a continuously decreasing (down-ramp)
tone from 65-20dB SPL; and circles represent responses to pairs of
intermittent tones presented at seven levels in random order [10].
The loudness curve rapidly steepens as the down-ramp continuously
decreases below 40dB SPL, whereas the loudness curve in response
to the up-ramp increases linearly on a log scale across the entire range
of intensity change. (Reprinted with permission from [10]. Copyright
1990, Acoustical Society of America).
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The candidate mechanism underlying down-ramp
decruitment is still not completely understood. However,
sensory adaptation has been proposed [10, 14, 16]. If the
early and relatively high intensity portions of the down-ramp
were to adapt neurons responsible for coding the sound, the
latter portions of the down-ramp would become less audible.
By contrast, the early and relatively low intensity portions
of the up-ramp may not cause substantial adaptation for
latter, higher-intensity portions. In this scenario, the offset
of the down-ramp is likely to be perceived ‘softer’ than the
equivalent intensity onset of the up-ramp. Indeed, this is the
case in observations of decruitment. It is unlikely, however,
that a sensory mechanism such as adaptation can completely
explain down-ramp decruitment [12]. The relative influence
of cognition has been investigated using a dual-task paradigm,
with results suggesting that the magnitude of decruitment
depends on whether listeners actively attend to the stimulus
[14]. Computational models that can account for decruitment
do not currently exist, and ongoing work aims to develop a
model that explains behavioural data and the cognitive and
sensory mechanisms underlying this phenomenon.

GLOBAL LOUDNESS CHANGE AND A
‘PERCEPTUAL BIAS’ FOR RISING INTENSITY
One potential shortcoming associated with measures of
loudness change from discrete magnitude judgments is that
perceived change is not measured directly. Rather, it is inferred
from differences in static loudness responses that reflect
overall loudness at specific points in time [17]. One alternative
to measuring static judgements of loudness across stimulus
presentation is to ask listeners to directly judge the magnitude
of loudness change after stimulus presentation. A retrospective
discrete post-stimulus judgement of perceived change in
loudness is termed ‘global loudness change’. Neuhoff [18]
used this method to investigate loudness change in response
to 1.8 s up-ramps and down-ramps presented as 1kHz puretone, white-noise, or vowel stimuli (/ə/ - sounds like the ‘a’ in
‘about’). The range of each ramp was 15dB and participants
made a global judgement of loudness change in response
to single-ramp trials (a single-stimulus paradigm) using a
computer-based visual analogue scale. From this post-stimulus
response, pure-tone and vowel up-ramps were perceived to
change significantly more in loudness than down-ramps; a
finding opposite to those of decruitment studies. No significant
differences were observed for white noise. These results have
now been replicated and extended using 3.6 s vowel stimuli
in a comparable single-stimulus paradigm [19], as well as a
paired-stimulus paradigm where pairs of 1.8 s 30dB up-ramps
and down-ramps were presented in each trial [19, 20]. In a
paired-stimulus paradigm, participants are required to (a)
indicate which item in a pair changed more in loudness; and (b)
rate the magnitude of this difference when one was perceived.
Greater perceived loudness change for pure-tone and vowel
up-ramps in this paradigm has been hypothesised as evidence
of an evolved, adaptive perceptual bias to looming auditory
motion in the environment [18, 20]. Continuous increases of
acoustic intensity are a vital cue for looming (or approaching)
auditory motion [21]. An overestimation of loudness change
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for up-ramp ‘looming’ stimuli may function as a survival
response that provides a selective advantage for organisms
able to underestimate the arrival of a looming object,
effectively allowing extra time to ‘err on the side of caution’
when taking appropriate action (e.g., avoidance or retreat)
[18, 20, 22]. Specific neural processes have been identified for
auditory looming in the human brain [23-25], and evidence
suggests that the hypothesized adaptive bias from judgements
of global loudness change is influenced by sex differences
[26]. Perceived time-to-contact and time-of-arrival studies in
auditory and visual domains support the notion that real and
apparent looming motion is perceived to arrive at a point in
space significantly sooner than actual source arrival [27, 28].
The observation in [18] that white noise up-ramps and downramps are perceived similarly is explained by first assuming
that white noise commonly represents multiple sound sources
in the environment (e.g., ocean, rain, wind through trees) [18,
20]. According to Neuhoff, multiple sound sources should
not necessarily demand equivalent behavioural priority when
compared to simple (pure-tone) and complex (vowel) tonal
stimuli, which are arguably more closely associated with a
single sound source. However, the suggestion that looming and
potentially threatening single sound sources in the environment
are characterised by spectral properties akin to a pure-tone or
vowel stimulus is yet to be completely substantiated.
Indeed, the ‘perceptual bias for rising intensities’ hypothesis
and the use of global loudness change as a sensitive perceptual
measure of real-time changes of intensity have been challenged
[e.g., 15, 29, 30, 31]. For example, the continuous increase
of intensity change that characterizes up-ramps and auditory
looming is not absolutely necessary to elicit differences in
global loudness change predicted by the ‘perceptual bias’
hypothesis [30, 32]. Furthermore, the global loudness change
measure relies on retrospective post-stimulus judgements and
is therefore susceptible to cognitive-based response biases that
will now be addressed.
End-level bias and recency in memory
Empirical evidence shows that direct ratings of global
loudness change are influenced by a ‘bias for end level’ [15,
19, 31]. For example, as up-ramp end-level increases in dB,
so does the magnitude of global loudness change, even when
the magnitude of intensity change in up-ramps is held constant
[15]. Specifically, with every 15dB increase in end-level from an
up-ramp with a fixed magnitude of intensity change, perceived
loudness change approximately doubles. This is evidence that
post-stimulus retrospective global judgements of loudness
change are weighted towards the most recent portion of the upramp – the end-level – and not the entire magnitude of intensity
change. Susini et al. [33, 34] explain an end-level bias with
reference to memory-based recency. Simply, recency is defined
as a memory recall bias for the last item presented in a sequence
of stimuli [35]. In the context of global loudness change, the most
recent portion of an up-ramp or down-ramp is its final intensity
level. Recency may bias judgements of global loudness change
toward the final level of intensity (end-level) of an up-ramp or
down-ramp. Take the case where global loudness change in
response to a 60-80dB SPL up-ramp is compared with an 80Acoustics Australia

60dB SPL down-ramp. If a cognitive-based recency mechanism
were to impact this response, it is not surprising that perceived
change is greater for up-ramps because, in the example above,
the up-ramp ends on a level 20dB greater than that of the downramp. This can be described as an end-level recency mechanism
in global judgements of loudness change.
To investigate the hypothesis of an end-level recency
mechanism, Olsen et al. [19] balanced end-level differences in
an analysis comparing 50-70dB SPL up-ramps with 90-70dB
SPL down-ramps using Neuhoff’s [18] /ə/ vowel stimulus at
1.8 s and 3.6 s ramp durations. In this comparison, up-ramps
and down-ramps have an equivalent intensity of 70dB SPL at
the end of the ramp (in other words, equivalent or ‘balanced’
end-levels). Participants were presented with a single-stimulus
paradigm and were required to judge global loudness change
retrospectively using a visual analogue scale. Results from this
analysis do not provide evidence of down-ramp decruitment,
and when end-level differences between 1.8 s up-ramps and
down-ramps are removed, the original Neuhoffian [18] ‘bias for
rising intensities’ is not recovered. This suggests that an endlevel recency mechanism can explain the greater magnitude
of global loudness change in response to 1.8 s up-ramps when
end-level intensity differs between up-ramps and down-ramps
[e.g., 18]. However, at the 3.6 s duration, global loudness
change was significantly greater for up-ramps relative to downramps, even when end-level recency was controlled in the
balanced end-level analysis. These data provide evidence of an
up-ramp-specific effect of duration under balanced end-level
conditions: global loudness change increases as a function of
duration for up-ramps only, while down-ramp global loudness
change is not affected by stimulus duration.
An earlier experiment using direct and unconstrained
magnitude estimations of global loudness change has also
investigated up-ramps and down-ramps with balanced endlevels [15]. When such a measure of global loudness change
replaces the visual analogue scale used in [19], greater
perceived changes in loudness in response to up-ramps were
not observed for 1.8 s 1kHz pure-tone stimuli. In fact, loudness
change was numerically greater in response to 1.8 s downramps, and this difference increased as the sweep size of each
ramp doubled from 15dB to 30dB (no inferential statistics
were conducted on these specific comparisons [15]).
Reasons for the somewhat varied results between experiments
that controlled up-ramp and down-ramp end-level differences
are not clear. Differences in scaling methods may be a factor: the
experiment in [15] used an unconstrained magnitude estimation
procedure to measure global loudness change, whereas the
predefined visual analogue loudness scale used in [19] constrains
listeners’ responses. Future research directly comparing these
two procedures with a design comprising multiple regions and
ranges of intensity change (cf. [15]) will shed further light on
how global judgements of loudness change relate to the sweep
size and end-level of up-ramps and down-ramps.
Post-stimulus sensory persistence of excitation
Post-stimulus persistence of neural excitation is one candidate
sensory mechanism proposed to explain the ‘residual’ differences
in global loudness change when cognitive mechanisms such as
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recency are controlled under balanced end-level conditions [36,
37]. The rationale behind the persistence of excitation hypothesis
is that the auditory system continues to respond to a sensory
stimulus after it ceases to be presented. A longer post-stimulus
sensory response of greater magnitude may result in a subjectively
larger perception of change for that stimulus. This hypothesis was
investigated using psychophysical forward masking [36], defined
as “an elevation of hearing threshold for a target signal presented
after another stimulus event: the masker. The difference between
masked signal threshold and signal threshold in quiet is an indicator
of masking magnitude, a measure of the auditory system’s
response to a sensory stimulus beyond its physical presence at
a particular point in time” (p. 596). Greater masking magnitude
from up-ramps relative to down-ramps under balanced end-level
conditions would provide evidence of an underlying sensory
mechanism most likely occurring at peripheral stages of auditory
processing [but see, 38]. As displayed in Figure 2, results from a
forward masking paradigm using 3.6 s vowel up-ramp and downramp maskers show that differences in mean masked thresholds
between 40-60dB SPL up-ramps and 80-60dB SPL down-ramps
were below 1.34dB SPL at masker-offset to signal-offset delays
of 10 ms to 170 ms (the signal was a 10 ms 1.5kHz pure tone).
These differences were not significant. After ~180-200 ms,
masked thresholds returned to baseline thresholds in quiet.
These results subsequently rule out post-stimulus persistence of
excitation as an explanatory mechanism for differences in global
loudness change between 3.6 s up-ramps and down-ramps with
balanced end-levels.

Figure 2. Mean forward-masking patterns (N = 3) from 3.6 s up-ramp
(solid triangle) and down-ramp (solid circle) vowel maskers with
masker-offset to signal-offset delays of 10, 20, 30, 50, 90, and
170 ms [36]. The signal was a 10 ms 1.5kHz pure tone. Balanced
end-level comparisons (40–60dB SPL up-ramps versus 80–60dB
SPL down-ramps) are displayed. Exponential curves are shown for
up-ramps (dashed line, top equation) and down-ramps (dotted line,
bottom equation), and error bars represent standard error of the mean.
The solid horizontal line represent mean signal threshold in quiet.
(Reprinted with permission from [36], Copyright 2012, Pion Ltd.
www.pion.co.uk; www.envplan.com).
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CONTINUOUS LOUDNESS
MEASUREMENT: FURTHER EVIDENCE
FOR DOWN-RAMP DECRUITMENT
An underlying similarity between direct loudness change
measured from retrospective global judgements and indirect
loudness change measured from static ‘snapshots’ of loudness
magnitude is that neither are completely sensitive to changes
in loudness on a continuous moment-to-moment basis.
Therefore, the third key loudness change paradigm reviewed
here is continuous loudness measurement. One of the benefits
of a continuous measure of loudness is that end-level recency
is inherently removed because a retrospective judgement of
loudness change is not required. In auditory perception research,
continuous responses have been used to investigate relationships
between acoustic properties such as intensity, spectral flatness
(a global parameter of timbre), the perception of affect (e.g.,
emotional arousal and valence/pleasantness), and loudness. Such
studies have been undertaken in contexts ranging from traffic
noise [39] to music from classical [40-42] and electroacoustic [43,
44] genres.
Only a handful of experiments, however, have systematically
manipulated increases and decreases of acoustic intensity
when measuring loudness continuously. Susini and colleagues
[33, 34] developed an ‘analogical/categorical’ (A/C) scaling
device for continuous loudness measurement. The response
tool comprised a physical box with a slider that listeners used
to continuously rate loudness on a scale containing seven
categorical labels, from ‘very, very loud’ to ‘very, very soft’,
with ‘mid’ serving as the mid-point of scale. Loudness change
was calculated as the difference between loudness values
recorded at the beginning and end of each ramp, analogous
to magnitude estimates of loudness but in the context of
continuous perceptual measurement. Using a paired-stimulus
paradigm and 1kHz pure tone up-ramps (60-80dB SPL) and
down-ramps (80-60dB SPL) presented at durations of 2, 5,
10, and 20 s per item, an omnibus ANOVA with N=15 did not
result in a significant main effect of intensity ramp [34]. This
suggests that both the ‘bias for rising intensity’ and decruitment
effects disappear when ‘indirect’ loudness change is measured
from a continuous response and calculated similarly to the
magnitude estimates used in decruitment studies [10, 12-15].
However, in [34], sample size and statistical power was
moderate at best, and no specific contrasts between up-ramps
and down-ramps at each duration were analysed. From close
inspection of the results of Experiment 1 in [34], loudness change
was numerically greater for down-ramps relative to up-ramps
across all durations. Furthermore, the mean loudness values
at down-ramp offset (60dB SPL) were lower than the mean
loudness values in response to the equivalent 60dB SPL up-ramp
onset at stimulus durations of 5, 10, and 20 s. Taken together,
these two trends in results provide some support for the main
observations of decruitment: (1) that down-ramps are perceived
to change more in loudness than up-ramps when calculated as
the difference between ramp onset and offset loudness ratings;
and (2) that greater loudness change in response to down-ramps
is due to a ‘softer’ loudness response to down-ramp offset
intensity, relative to the equivalent up-ramp onset intensity. As
previously discussed, decruitment may be explained by a downAcoustics Australia

ramp adaptation mechanism, where early and relatively high
intensity portions of a down-ramp adapt neurons responsible for
coding the sound, resulting in latter portions of the down-ramp to
become less audible. These results using continuous loudness as
a tool to investigate perceptual change support this hypothesis,
but here in a higher region of intensity change than those used in
earlier decruitment studies [e.g., 10].
The significant role of down-ramp end-level loudness
‘softening’ in this decruitment-like effect has recently received
further support in a musical context [45]. Using a similar
continuous loudness paradigm to [34] but with a computer-based
visual analogue loudness scale, 29 participants continuously
rated loudness in response to a range of 6.4 s monophonic
melodies constructed with up-ramp and down-ramp intensity
profiles and ascending and descending melodic contours
[45]. The range of each intensity sweep was either 15dB (7085dB SPL) or 30dB (55-85dB SPL) and loudness change was
calculated as the difference between loudness values at the
beginning of the continuous response and the offset of each
melody. Linearity of the continuous loudness responses was also
investigated. Overall, musical down-ramps were perceived to
change significantly more in loudness than musical up-ramps. As
can been seen in Figure 3, this is explained by the significantly
‘softer’ loudness response to down-ramp offset intensity, relative
to loudness in response to the equivalent up-ramp onset intensity.
Furthermore, continuous loudness responses to down-ramps in
the region between 55-85dB SPL were essentially linear. This
is in contrast with the non-linearity in loudness change that
characterises decruitment as down-ramps continuously decrease
below 40dB SPL [10]. This difference in the loudness curve is
likely due to the region of intensity change used in [45], which
remained at an overall higher intensity region than decruitment
studies that include levels as low as 20dB SPL.

Figure 3. Mean loudness ratings at the onset of the continuous
loudness response and the offset of each stimulus for 6.4 s downramp and up-ramp melodies presented in [45] (Experiment 1). On the
y-axis, zero represents a ‘soft’ loudness response and 100 represents
a ‘loud’ loudness response. No significant difference in loudness in
response to the onset of the down-ramp and the offset of the up-ramp
was observed. However, loudness was significantly lower in response
to the offset of a down-ramp, relative to the onset of the up-ramp.
Error bars report standard error of the mean; *p < .001. (Reprinted
from [45], Copyright 2014, with permission from Elsevier).
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CONCLUDING REMARKS
The present paper aimed to provide a brief review of
research investigating the dynamic percept of loudness change
in response to continuous acoustic intensity change. Description
and evaluation of the three key paradigms used in this field of
research was presented, and cognitive and sensory mechanisms
that may underpin differences in perceived loudness change
were discussed. It is clear from this review that conflicting
results due to direct and indirect measures of loudness change
reflect two distinct aspects of auditory perception.
Indirect loudness change derived from magnitude
estimation and continuous loudness paradigms reflect, at the
least, changes in perception associated with a ramp’s direction
and magnitude of intensity change. In these paradigms,
loudness is measured throughout the entire dynamic stimulus;
statically in the case of magnitude estimation, and continuously
in the case of the continuous response. Therefore, they are the
most sensitive tools for understanding real-time perception
of intensity change and the mechanisms that underpin those
perceptions as they unfold though time. Continued empirical
evidence supports the conclusion that greater loudness change
in response to down-ramps is the real-time perceptual outcome.
Greater loudness change in response to down-ramps relative
to up-ramps is characterised by: (1) a steeper linear loudness
curve in response to down-ramps presented at intensity
regions above 40dB SPL; and (2) a further rapid non-linear
steepening of the loudness curve in response to down-ramps
that continuously decrease below 40dB SPL. The extent to
which these results are underpinned by peripheral and central
mechanisms is a question that requires further behavioural
evidence and computational modeling. For example, output
from models of various stages of auditory processing could
be used to compare with behavioural data to identify the
location(s) of sensory adaptation [46-49].
Any method that purports to be a valid measure of loudness
change must be supported by evidence that it is indeed sensitive
to the magnitude of intensity change. It is clear from this review
that global loudness change is disproportionally weighted on
end-level intensity perception, rather than the magnitude of
intensity change within each dynamic sweep. However, when
differences between up-ramp and down-ramp end-levels are
controlled in experimental design and analysis, an up-rampspecific effect of duration remains: global loudness change in
response to up-ramps increases as a function of duration, even
when the range of physical intensity change remains constant
and end-level recency is controlled. Neuhoff [17] argued that
a direct global judgement of loudness change in response to
an up-ramp looming stimulus in the environment is more
useful for localizing a moving sound source than snapshot
judgements of loudness at discrete points in time. The results
of global loudness change reviewed here are most consistent
with auditory and visual research that investigates anticipatory
or predictive perceptions to real and apparent looming motion;
perceptions that are usually measured after motion offset.
In these studies, looming stimuli are perceived to arrive at
a point in space sooner than what would be expected from
the physical velocity of the approaching stimulus [27, 28].
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The magnitude of underestimation for a looming stimulus’
time-of-arrival increases as the velocity of a visual looming
stimulus becomes slower [50, 51]. This is analogous to the upramp-specific effect of duration reported above, where longer
durations of up-ramp ‘looming’ stimuli contain slower rates
of intensity change over time, but elicit a greater magnitude
of global loudness change than stimuli with shorter durations
and faster rates of change. One may speculate, therefore, that
global loudness change reflects – at least in part – the effects
of duration and rate (but not magnitude) of intensity change
for end-point time-of-arrival responses to real and apparent
looming auditory motion.
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