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Interaural Level Difference (ILD) provides an important
cue for the location of a sound source in the azimuthal
plane. Typically, ILD decoding in the brainstem is mod-
eled as a subtraction of spike rates, with inhibitory
inputs from one ear subtracted from the excitatory
inputs from the other [1-3]. The inferior colliculus (IC)
is known to receive input from this circuit, and to
encode the spatial location of sounds.
Recent experimental evidence suggests that inhibitory

input for ILD doesn’t provide subtraction, but instead
provides a gain adjustment [4]. In addition, the exact
mechanism of the creation of spatial receptive fields in
the inferior colliculus remains unclear, and may also be
a gain mechanism [5]. The excitatory input to the IC
from neurons that decode ILD may contain spike timing
cues for location. These spike-timing cues may be
initiated in the ILD encoding cells even if the cues are
absent from the inputs from the cochlear nucleus. In
this study we used a spiking neuron model to recreate
and model the full circuit of ILD sensitivity, and explore
both the issue of ILD decoding, and the representation
of sound source location in the IC.
The auditory periphery was modeled as a gammatone

filterbank which provided inputs directly to a leaky inte-
grate-and-fire model representing the cells of the
cochlear nucleus. These cells are known to lock to the
envelope of the sound stimulus, and this behavior was
recreated by low-pass filtering of the gammatone filter-
bank inputs to the cells, and use of a dynamic spike
threshold mechanism [6]. The ILD sensitive cells and IC
cells were both modeled as simple leaky integrate-and-
fire neurons. The model was able to recreate important
experimental results regarding ILD encoding cells,

particularly the variation of sensitivity with source inten-
sity, and successfully created spatial receptive fields like
those found in the IC. The results will be helpful in the
future understanding of the binaural mechanisms of the
auditory brainstem.

Acknowledgements
This work was supported by the European Research Council (StG 240132).

Authors’ details
1Institut d’études de la cognition, École Normale Supérior, Paris, 75005,
France. 2Sorbonne Universités, UPMC Univ. Paris 06, UMR_S 968, Institut de
la Vision, Paris, F-75012, France. 3INSERM, U968, Paris, F-75012, France. 4CNRS,
UMR_7210, Paris, F-75012, France. 5Laboratory of Auditory Neurophysiology,
University of Leuven, Leuven, Belgium.

Published: 21 July 2014

References
1. Liu J, Perez-Gonzalez D, Rees A, Erwin H, Wermter S: A biologically inspired

spiking neural network model of the auditory midbrain for sound
source localisation. Neurocomputing 2010, 74:129-139.

2. Wall JA, McDaid LJ, Maguire LP, McGinnity TM: Spiking Neural Network
Model of Sound Localization Using the Interaural Intensity Difference.
IEEE Trans Neural Netw Learn Syst 2012, 23:574-586.

3. Bures Z, Marsalek P: On the precision of neural computation with
interaural level differences in the lateral superior olive. Brain Res 2013,
1536:16-26.

4. Steinberg LJ, Fischer BJ, Peña JL: Binaural gain modulation of
spectrotemporal tuning in the interaural level difference-coding
pathway. J Neurosci Off J Soc Neurosci 2013, 33:11089-11099.

5. Xiong XR, Liang F, Li H, Mesik L, Zhang KK, Polley DB, Tao HW, Xiao Z,
Zhang LI: Interaural level difference-dependent gain control and synaptic
scaling underlying binaural computation. Neuron 2013, 79:738-753.

6. Fontaine B, Benichoux V, Joris PX, Brette R: Predicting spike timing in
highly synchronous auditory neurons at different sound levels.
J Neurophysiol 2013.

doi:10.1186/1471-2202-15-S1-P200
Cite this article as: Spencer et al.: Spiking models of interaural level
difference encoding - beyond the rate subtraction code. BMC
Neuroscience 2014 15(Suppl 1):P200.

* Correspondence: martin.spencer@ens.fr
1Institut d’études de la cognition, École Normale Supérior, Paris, 75005,
France
Full list of author information is available at the end of the article

Spencer et al. BMC Neuroscience 2014, 15(Suppl 1):P200
http://www.biomedcentral.com/1471-2202/15/S1/P200

© 2014 Spencer et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://www.ncbi.nlm.nih.gov/pubmed/24805041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/24805041?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23684714?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23684714?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23972599?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23972599?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23864375?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23864375?dopt=Abstract
mailto:martin.spencer@ens.fr
http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/

	Acknowledgements
	Authors’ details
	References

