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ABSTRACT

A revised version of the computational auditory signal
processing and perception model (CASP, [1]) is proposed.
CASP is a functional model designed for the prediction
of data from various psychoacoustic conditions, including
intensity discrimination, spectral and temporal masking
and amplitude modulation detection and masking. The re-
vised version of CASP proposed here introduces two main
changes to the original model: (i) a more realistic, non-
linear inner hair cell stage replacing the simplified linear
processing stage of the original model and (ii) an updated
back-end processing that captures off-frequency listening
through an automatic channel selection algorithm. The ef-
fects of these two modifications in the model are analysed
in various signal detection and masking conditions, in-
cluding intensity discrimination, forward masking as well
as modulation detection using narrowband noise carriers.
Model predictions are compared across model configura-
tions and examined in terms of the internal representations
of the signals at different stages of auditory processing
within the model. The potential implications of the re-
vised signal processing in the model on predictions of ef-
fects of sensorineural hearing loss are discussed.
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1. INTRODUCTION

The computational model of auditory signal processing
and perception (CASP, [1,2]) has been shown to be a suc-
cessful predictor of listeners’ behaviour in a wide range
of psychoacoustic measurements, from intensity discrim-
ination, spectral and temporal masking to modulation de-
tection. It accounts for data from listeners with both nor-
mal hearing (NH) and hearing impairment (HI), explain-
ing various aspects of simultaneous and non-simultaneous
masking [1, 2]. CASP provides a powerful tool to test
hypotheses and assess how various stages of the auditory
pathway contribute to the overall processing and percep-
tion of the stimulus. Most auditory models consist of dif-
ferent stages that reflect the basic parts of the auditory sys-
tem, and model the underlying processes with varying de-
grees of detail [3]. While these stages are theoretically
independent, each stage determines the operating point of
the succeeding ones and therefore, it is essential to under-
stand how the different stages interact with each other and
how deficits in certain parts of the system can influence
the processing further along the auditory pathway. Sen-
sorineural hearing loss is typically caused by damage to
inner hair cells (IHC) and outer hair cells (OHC) as well
as synaptic loss in the auditory nerve. While the effects of
OHC loss are often included in cochlear models, the IHC
stage requires separate processing stages.

In this study, the inner hair cell transduction was of
particular focus. This stage was in previous versions of
CASP implemented as a simple envelope extraction [1]
consisting of a half-wave rectification and low-pass fil-
tering. However, based on physiological recordings, it
is known that the IHC transduction reflects a non-linear
process, that includes a compressive behaviour towards
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higher sound pressure levels [4]. This non-linearity has
been argued to be an essential part of cochlear process-
ing [5]. A more realistic implementation of this stage
in the overall CASP model is thus hypothesised to im-
prove model predictions, in particular with regard to pre-
dictions of data from listeners with a hearing impairment.
The large variability observed in data across listeners with
hearing impairment, especially in speech-related tasks, is
still largely underestimated by current modelling stud-
ies [6]. The present study aimed to validate the revised
CASP model implementation in psychoacoustic condi-
tions for listeners with normal hearing. An outlook is pro-
vided towards predicting behaviour of listeners with hear-
ing impairment in fundamental pyschoacoustic conditions
known to relate to measures of speech intelligibility, such
as spectro-temporal masking [7].

2. MODEL DESCRIPTION

The model can be split into its preprocessing stages (that
build the corresponding internal representation of the in-
put stimulus) and the back-end processing that includes
the decision device. The preprocessing stages of the
model are shown in Fig. 1. The input signal is processed
through an outer and middle ear filter, a dual-resonance
non-linear filterbank (DRNL, [8]), followed by the IHC
model, adaptation loops and, finally, a modulation fil-
terbank. The output of these preprocessing stages is a
three-dimensional internal representation with dimensions
time, auditory frequency and modulation frequency. The
back-end processing of the model consists of an optimal
detector [9] that is designed to be used in connection
with n-alternative forced choice (nAFC) paradigms that
adaptively track the thresholds in different psychoacous-
tic tasks. Here, the resolution is limited by internal noise
added to the input to the optimal detector. The revised
model implementation introduces modifications primarily
at the inner hair cell stage and in the back-end processing,
as described in greater detail below.

2.1 Inner hair cell model

A major element of the revised model implementation is
the inclusion of a more realistic IHC transduction model.
Previously, this stage was functionally implemented as a
simple half-wave rectification and low-pass filtering stage
[1, 9]. While this simplified model is able to account for
the loss of phase-locking towards higher frequencies, it
does not account for the compressive input-output func-
tion known from mammalian physiological recordings
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Figure 1. Preprocessing stages of the CASP model.
The input consists of a time signal, while the output
consists of a three-dimensional internal representa-
tion.

[4]. Instead, a physiologically inspired model is proposed
here as a revised component of the overall CASP model.
The IHC model implementation closely follows that of
previous biophysical studies [10, 11]. It consists of two
stages: first, a fitted Boltzmann function converts stere-
ocilia displacement to mechano-electrical conductance.
Then, the conductance is used to calculate the receptor
potential through an electrical circuit analogy. The recep-
tor potential of the inner hair cell represents the output of
the IHC model. Both stages follow the implementation
and parameter fitting of [11].

2.2 Frequency channel selection

An additional element of the revised CASP is the automa-
tised process of selecting the relevant peripheral channels
to be included in the detection process. In the original
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CASP, the region of interest needed to be selected manu-
ally before each experimental run based on prior knowl-
edge and assumptions. Here, an automatic channel selec-
tion is proposed that allows the model to decide on the
relevant region(s) of analysis without any a priori knowl-
edge. The selection is based on the internal representation
in the auditory frequency domain (i.e., before the modu-
lation filterbank stage). The power is calculated in each
frequency band, after which the frequency channel with
the highest power is determined and the region of analysis
is defined around that channel by including all neighbour-
ing channels for which less than a 25% power drop from
the maximum to each side is detected.

3. RESULTS

Simulations of a forward masking paradigm were carried
out using the same paradigm as in [1]. Threshold curves
were found for the detection of a 4 kHz tone played af-
ter broadband noise at three different levels (40, 60 and
80 dB). In Fig. 2, the simulation results are shown using
a predetermined frequency region from 2 to 8 kHz for the
model, i.e. no channel selection was applied. Here, the

Figure 2. Model predictions using a predetermined
frequency range from 2 to 8 kHz for CASP with the
linear IHC model (green) and the non-linear IHC
model (blue) are shown alongside the data (black,
[1]) for the three different forward masking experi-
ments.

green function represents the simulations using the lin-

ear IHC model, and the blue function represents the sim-
ulations using the non-linear IHC model. Human data
[1] are shown in black alongside the simulations. Both
model predictions account well for the data, with a slightly
steeper decline observed in the threshold function pre-
dicted with the non-linear IHC model.

Similarly, Fig. 3 shows simulation results alongside
the human data from [1] using the proposed channel se-
lection algorithm. The green function represents again
the simulations using the linear IHC model, and the blue
function represents the simulations obtained with the non-
linear IHC model. The results show that, with the pro-
posed frequency channel selection, the two model config-
urations with the linear and the non-linear IHC model are
still able to account for the data without making use of
prior knowledge of the target frequency to determine the
region of interest. Tab. 1 shows error metrics for the four

Figure 3. Model predictions using automatic chan-
nel selection for CASP with the linear IHC model
(green) and the non-linear IHC model (blue) are
shown alongside the data (black, [1]) for the three
different forward masking experiments.

different model configurations, corresponding to combi-
nations of the IHC model and the channel selection algo-
rithm. The mean absolute error (MAE) and the correla-
tion coefficient (ρ) between the model predictions and the
data are provided in each case. The values are averaged
across the three different conditions, corresponding to the
different noise levels. All four models show comparable
results and a good agreement with the data. While the
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model predictions obtained with the linear IHC model and
the predetermined channel region showed the best agree-
ment with the data, with an MAE = 3.3 dB and a corre-
lation of ρ = 0.99, the predictions with the non-linear
IHC model still showed results on par with the previous
version of the model, with an MAE = 5 dB and a correla-
tion of ρ = 0.96. Moreover, a marginal improvement can
be seen in the model performance obtained with the non-
linear IHC model when applying the channel selection, as
the non-linear model enhances across-frequency cues that
are not necessarily reflected in the predetermined channel
region.

Table 1. Error metrics for the predictions with differ-
ent model configurations.The first value represents
the mean absolute error (MAE), and the second value
the correlation coefficient (ρ) between the predic-
tions and data. In each case, the values have been
averaged across the three conditions.

linear IHC non-linear IHC

predetermined
channels

MAE = 3.3 dB;
ρ = 0.99

MAE = 5 dB;
ρ = 0.96

channel
selection

MAE = 4.8 dB;
ρ = 0.99

MAE = 4.1 dB;
ρ = 0.98

4. CONCLUSION

A revised model implementation for the computational
model of auditory signal processing and perception was
presented. The model was validated through predictions
of data from listeners with normal hearing in forward
masking tasks (shown here), as well as other psychoacous-
tic conditions (not explicitly shown here), providing per-
formance levels equivalent to those obtained with previous
versions of the model. The preprocessing stages for the re-
vised CASP model may prove valuable for the prediction
of data from listeners with hearing impairment, where the
inclusion of a more realistic inner hair cell transduction is
hypothesised to improve individual predictions, especially
in speech-related tasks.
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[11] A. Altoè, V. Pulkki, and S. Verhulst, “Model-based es-
timation of the frequency tuning of the inner-hair-cell
stereocilia from neural tuning curves,” The Journal of
the Acoustical Society of America, vol. 141, pp. 4438–
4451, 6 2017.

1216


