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Simultaneous recordings of the firing activity of pairs of
cortical neurons have shown that spike-count correlation
coefficients (CCs) cover a wide range of values. According
to recent theoretical and experimental work [1,2] recur-
rent cortical networks decorrelate neural activity produ-
cing very low CCs. However little is known about the
origin of correlations and data analysis based on record-
ings of cortical activity of awake, behaving animals per-
forming non-trivial tasks are scarce. In this study, we aim
to understand the role of neural correlations in perceptual
decision-making tasks and its relationship with the covar-
iation between neural firing activity and behavior.
We examine spike-count correlations obtained from

pairs of simultaneously recorded premotor cortex (PC)
neurons while trained monkeys performed a vibrotactile
detection task in which the stimulus was often absent or
weak, and the time of its application was variable [3,4]. By
analyzing firing rates and correlated variability we show
that behavioral outcomes are crucially affected by the state
of cortical networks before stimulus onset times.
Our results suggest that sensory detection is partly due

to a purely internal signal whereas the stimulus, if finally
applied, adds a contribution to this initial processing later
on [5]. Noise correlations can be weak; their smallest
values are attained at the end of the delay period of the
task. Importantly, we found that small CCs are compatible
with high firing rates. Although the firing rate in hit trials
is higher than in correct rejections, the distributions of
CCs over the population of pairs are similar, presenting
mean values of 0.06. Moreover, the CCs do not covary
with the geometrical mean of the firing rate of the pair.
The observation that single neurons covary with the

subject’s response (characterized by the choice probability

index, CP) is usually explained by the existence of variabil-
ity correlations among the cells in a neuronal population
[6]. Here we show a simple approximate expression that
explicitly relates the population-averaged CP index and
the CCs. This expression shows that the CP index is differ-
ent from 0.5 when CCs evaluated using all trials differ
from choice-conditioned correlations. Neurons could cov-
ary significantly with behavior even if the latter are very
small. Thus, we show that there is no contradiction
between the correlated activity required for the non-
chance CP index and the small correlations produced by
decorrelation in recurrent networks.
Although the CP index is useful to study the role of sin-

gle neurons in decision-making tasks, in reality, the deci-
sion is formed through the coordinated action of several
pools of neurons. Hence, the relevant quantities to investi-
gate the elaboration of the choice are population variables
combining the activity of several pools. By extending the
notion of CP from single neurons to neural pools, we
defined the CPN index to quantify the amount of covaria-
tion with behavior of arbitrary linear combinations of
oppositely-tuned neural pools. We found that pools of PC
neurons exhibiting persistent activity become fully corre-
lated with the subject’s choice soon after stimulus onset
and during the entire delay period of the task.

Author details
1Departmento de Física Teórica, Universidad Autónoma de Madrid,
Cantoblanco 28049, Madrid, Spain. 2Instituto de Neurobiología, Universidad
Nacional Autónoma de México, Querétaro 76230, México. 3El Colegio
Nacional, 06020 México DF, México. 4Instituto de Fisiología Celular,
Universidad Nacional Autónoma de México, 04510 México DF, México.

Published: 8 July 2013

References
1. Renart A, de la Rocha J, Bartho P, Hollender L, Parga N, Reyes A, Harris KD:

The Asynchronous State in Cortical Circuit. Science 2010, 327:587-590.
* Correspondence: federico.carnevale@uam.es
1Departmento de Física Teórica, Universidad Autónoma de Madrid,
Cantoblanco 28049, Madrid, Spain
Full list of author information is available at the end of the article

Carnevale et al. BMC Neuroscience 2013, 14(Suppl 1):O10
http://www.biomedcentral.com/1471-2202/14/S1/O10

© 2013 Carnevale 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/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

http://www.ncbi.nlm.nih.gov/pubmed/20110507?dopt=Abstract
mailto:federico.carnevale@uam.es
http://creativecommons.org/licenses/by/2.0


2. Ecker AS, Berens P, Keliris GA, Bethge M, Logothetis NK, Tolias AS:
Decorrelated neuronal firing in cortical microcircuits. Science 2010,
327:584-587.

3. de Lafuente V, Romo R: Neuronal correlates of subjective sensory
experience. Nat Neurosci 2005, 8:1698-1703.

4. de Lafuente V, Romo R: Neural correlate of subjective sensory experience
gradually builds up across cortical areas. Proc Natl Acad Sci USA 2006,
103:14266-14271.

5. Carnevale F, de Lafuente V, Romo R, Parga N: Internal signal correlates
neural populations and biases perceptual decision reports. Proc Natl
Acad Sci USA 2012, 109:18938-18943.

6. Shadlen MN, Britten KH, Newsome WT, Movshon JA: A computational
analysis of the relationship between neuronal and behavioral responses
to visual motion. The Journal of Neuroscience 1996, 16:1486-1510.

doi:10.1186/1471-2202-14-S1-O10
Cite this article as: Carnevale et al.: The role of neural correlations in a
decision-making task. BMC Neuroscience 2013 14(Suppl 1):O10.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Carnevale et al. BMC Neuroscience 2013, 14(Suppl 1):O10
http://www.biomedcentral.com/1471-2202/14/S1/O10

Page 2 of 2

http://www.ncbi.nlm.nih.gov/pubmed/20110506?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16286929?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16286929?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16924098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16924098?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23112203?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23112203?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8778300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8778300?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8778300?dopt=Abstract

	Author details
	References

