
A NOVEL MODEL OF TASK-SWITCHING AND DECISION MAKING

BY

NICK BENTLEY

A Dissertation Submitted to the Graduate Faculty of 

WAKE FOREST UNIVERSITY

GRADUATE SCHOOL OF ARTS AND SCIENCES

In Partial Fulfillment of the Requirements

For the Degree of 

DOCTOR OF PHILOSOPHY

In the Department of Neurobiology and Anatomy

May 2008

Winston-Salem, North Carolina

Approved By:

Emilio Salinas, Ph.D., Advisor _______________________________________

Examining Committee:

Peter Santago, Ph.D., Chairman _______________________________________

Christos Constantinidis, Ph.D. _______________________________________

Terrence Stanford, Ph.D. _______________________________________

Paul Tiesinga, Ph.D. _______________________________________



ii

ACKNOWLEDGEMENTS

Thanks foremost, to my advisor, Emilio Salinas, for his saintly patience and wisdom.  I 

could not have done this without him.   I’m not exaggerating: I failed at my first attempt 

at a PhD, for which he wasn’t my advisor.  That was my control experiment.  

To my Mother and Father for teaching me persistence and for gamely taking my late 

night phone calls when the lesson wasn’t sticking.  

To Erin Douglass, stalwart partner in crime, for always, always supporting me.  

To Sterling Hurst, for teaching me that there are degrees of joy waaaaay beyond what I 

foolishly took to be the upper limit.  

To Kristen Maria Levelle, for sending me over the top.     

     

Finally, to my brothers Alexander, Michael, and Nathaniel, for once and for all teaching 

me what love is (Also my brand-spanking new nephew Mason Julius, for making me fall 

in love with babies through the back of his head.  I’m not sure how it’s relevant to the 

present work, but it’s a very pleasant feeling)



iii

TABLE OF CONTENTS

LIST OF TABLES AND FIGURES……………………………………………………..iv

ABSTRACT……………………………………………………………………………...vi

Chapter

I. INTRODUCTION…………………………………………………………….1 

II. VISUAL SEARCH PERFORMANCE REPRODUCED BY A 

NETWORK MODEL OF CATEGORICAL DECISION-MAKING………..17

III. BISTABILITY IN OSCILLATORY CORTICAL MODULES……………..75

IV. A SIMPLE MEASURE OF THE CODING EFFICIENCY OF

A NEURONAL POPULATION……………………………………………..91

V. DISCUSSION………………………………………………………………122

APPENDIX………………………………………..………………………………....…155

SCHOLASTIC VITA…………………………………………………………………..174

   



iv

LIST OF TABLES AND FIGURES

Chapter II

Figure 1 Schematic of the three-layer model for categorical decision-making……….23

Figure 2 Responses of the integrator neurons…………………………………………31

Figure 3 The simulated visual search tasks…………………………………………...35

Figure 4 Responses of the task-modulated sensory neurons………………………….41

Figure 5 Responses in all layers of the R1 and R2 network as functions of time…….44

Figure 6 The model reproduces the psychophysical performance of human subjects

in a variety of visual search tasks……………………………………………47

Figure 7 Errors decrease with network size…………………………………………...52

Figure 8 A prediction: performance in the unique-item task………………………….56

Chapter III

Figure 1 Bistable behavior in the 3 network types……………………………………81

Figure 2 Failure rate of the three types of network…………………………………....83

Chapter IV

Figure 1 EBS for populations of two neurons responding in two conditions…..……..100

Figure 2 Evaluating coding efficacy for only two conditions (N=2)………………...105

Figure 3 Basis set error and residual information as functions of the number of 

neurons, n, in populations with random tuning curves…………………….110

Figure 4 Basis set error for two simultaneously-coded quantities, x and y…………..115



v

Appendix

Figure 1 Encoding of spatial location by populations of neurons with Gaussian 

tuning curves………………………………………………………………..161



vi

ABSTRACT

NICK BENTLEY

A NOVEL MODEL OF TASK-SWITCHING AND DECISION MAKING

Dissertation under the direction of Emilio Salinas Ph.D.

Professor of Neurobiology and Anatomy

To survive, an organism must pursue multiple goals and switch between them at 

appropriate times, yet little is known about how a network of neurons can underlie such 

behavior. A network’s behavior can only change with an organism’s goals if it receives 

information about those goals as input.  Thus, network responses must depend jointly on 

both current stimuli and current goals.  How are these sources of information combined 

to generate behavior?

In Chapter II we present a plausible network model that can alter it’s goals on the fly.  

We illustrate the model’s performance in visual search tasks for which human behavioral 

data are available.  We show that a single fixed network can perform all of these tasks 

correctly, reproducing a number of experimental observations, as well as making a novel 

prediction. Our model demonstrates that three key properties of cortical neurons —  gain-

modulation, recurrent connectivity, and race-to-threshold dynamics — can be combined 

to generate a powerful and flexible decision-making model.  A similar mechanism may 

be at work in real brains.
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One network dynamic required for our model, but which we did not simulate, is 

multistability, which refers to a neural population’s ability to exist in multiple stable 

states.  In chapter III we describe a study of the effects of known features of brain 

structure and activity on multistability in a simple neural network model.  We found that 

multistability can coexist with all the tested factors, suggesting that multistability is a 

robust phenomenon which can operate under realistic conditions.

We still lack adequate quantitative ways to describe the capacity of neural 

populations to transform stimuli into behavior.  Although measures exist which describe 

how well neural populations can represent the environment, there are none which 

describe how well they can use such representations to modify behavior.  In Chapter IV 

we introduce just such a measure, called the Basis Set Error, which describes how well a 

neural population represents stimulus information in a way that can be used by the 

mechanisms which control behavior.  We illustrate the measure’s behavior on artificial 

data and compare it to preexisting measures of representational capacity.     


