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Summary: A central problem in systems neuroscience is to decipher the neural mechanisms 
underlying sensory-motor decision-making. The lateral intraparietal area of parietal cortex (LIP) forms 
a core component of neural decision-making circuitry, but its exact role in choice behavior is hotly 
debated. Here we describe an analysis of the neural code in LIP using advanced statistical methods 
for modeling the detailed structure of neural spike trains. We obtained recordings from single neurons 
in area LIP of monkeys engaged in a 2AFC  motion discrimination task. Trial-to-trial variability in the 
task and behavior allowed us to disentangle the relationship  between various extrinsic variables and 
neural responses. First, we fit each neuron with a point process encoding model, which describes the 
time-varying probability of a spike as a function of the external task and decision variables, and recent 
spike-history. The model allowed us to quantify  the relative influence of sensory, motor, and reward 
variables on the response, and to generate spike train predictions on single trials.  We found these 
predictions to be surprisingly  accurate, revealing more precise time structure than the averaged 
response (PSTH), and capturing non-Poisson variability that varied substantially across neurons.  
Second, we used the model to perform Bayesian decoding of LIP responses on single trials. This 
allowed us to quantify the information carried about choice, and to compare the performance of 
various hypothesized LIP coding schemes. We show that a decoder incorporating spike-history 
dependence performs better than one that assumes Poisson spiking. Finally, we introduce a model-
based notion of choice probability, and show that the model allows for earlier and more accurate 
decoding of decisions from spike trains than a rule based on spike count. We discuss the implications 
of these findings for understanding the computations carried out in LIP.
Additional detail: To clarify  the goals of this work, we contrast it to two other popular (and worthwhile) 
types of model-based approaches: (1) normative models, which seek to frame LIPʼs role in terms of 
calculations underlying theoretically optimal choice behavior (e.g., Platt & Glimcher 99, Gold & 
Shadlen 02, Beck et al 08); (2) dynamical models, which seek to qualitatively reproduce basic LIP and 
behavioral response characteristics using neurally  plausible elements (e.g., Wang 08). In contrast, we 
have introduced a descriptive statistical model of LIP, which is designed to be thoroughly agnostic 
about “what LIP does”, and makes no claim to biological plausibility; rather, it seeks to provide a 
quantitative, probabilistic account of LIP spike trains and their dependencies in the form of a 
conditional distribution P(spikes | stimulus, choice, reward, spike-hist). This model (Fig 1A) contains a 
bank of linear filters that transform external stimulus and motor variables (represented as 1ʼs and 0ʼs 
in a binary “design matrix”) to the neuronʼs probability  of spiking. For motor variables, the model is 
acausal since it seeks to predict spikes as a function of time prior to the saccade. Decoding the 
monkeyʼs decision under the model involves applying Bayesʼ rule and marginalizing “nuisance” 
variables to obtain the posterior distribution P(choice | spikes). This places a bound on the information 
that could be extracted from the neuron (given the encoding model). The model therefore provides a 
platform for comparing normative models (through Bayesian decoding of the quantities they assume), 
and reveals the meaningful spike train features that should be reproduced by any dynamical model.
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Fig 1. (A) encoding model schematic. (B) spike prediction with and without spike history. (C) traditional and 
model-based choice probability as a function of spike train window prior to saccade


