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Decisions are fundamental to all animal existence. We might even say decisions 

are the purpose of the mind, and of the brain. Decisions are so varied in both their 

structure and their meaning that it would be next to impossible to address them as 

a whole. This Ph.D. thesis focuses primarily on one aspect of decision making: the 

tradeoff between deciding quickly, or accurately. In the natural world, both a focus 

on speed and a focus on accuracy can be adaptive behavior. When climbing a 

mountain, a single misstep might be your last, and accuracy is paramount. When 

deciding whether that shape in the bushes is going to eat you or not, it is most likely 

not wise to delay your decision until you are certain. Humans can strategically adapt 

their decision-making strategies to meet the speed or accuracy demands of the 

environment. One constant in this consideration is that increased speed comes at 

the expense of accuracy and vice versa.

In the research described in the following chapters, my colleagues and I have 

studied the strategic adjustments of this speed-accuracy tradeoff (SAT) in humans 

at two complementary levels of explanation. Marr (1982) describes three levels of 

explanation: the computational, which explains the goals of the process, the 

algorithmic, which is the steps which make up the computations, and the 

implementational, which is the physical way in which the algorithmic steps are 

implemented. In the work described in this thesis, I have studied the decision 

process itself on a computational level, i.e. which information contributes to the 

decision, and how that information is processed. I have compared and tested two 

competing models from the literature, which propose a very different decision rule. 

On the implementational level of explanation, I have studied which neural structures 

and transmitters are involved in making fast versus accurate decisions. While the 

intermediate, algorithmic level, is not the topic of my research itself, it is nonetheless 

highly relevant in this work, as the algorithmic level forms much of our methodology 

to combine brain and behavioral data into a common framework.
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Chapter 1

Outline of this thesis

The goal of this Ph.D. thesis is to better understand the nature of decision 

making, and especially the way we decide quickly or accurately, by changing the 

height of our decision threshold, or the level of evidence we require before 

committing to a decision. The research involves the mathematical buildup of the 

threshold, how it affects behavior, and how it is implemented in the brain, both in 

terms of neuroanatomy and neurochemistry.

Chapter 2 evaluates the current scientific literature regarding the role of the 

basal ganglia in decision making, setting the stage for the subsequent chapters as 

we formulate the hypotheses that are tested in the experimental projects described 

in chapters 3-5. In chapter 2, we describe various ways in which we can model 

perceptual decisions, and we review the anatomy of the corticostriatal circuitry and 

its relevance for decision-making processes. As many studies demonstrate enhanced 

striatal activity during speeded decision making, we hypothesize that the striatum 

plays a key role in setting the threshold for the decision process. We then propose 

a role for dopamine as a driving factor in determining striatal excitability, thereby 

adjusting the height of the decision threshold.

Chapter 3 examines the nature of the decision threshold, on the computational 

level of explanation. In this chapter, we test the traditional hypothesis that 

perceptual decisions can be represented as bounded accumulation of evidence. 

This view has recently been challenged by the urgency gating model, which proposes 

that evidence integration is not needed, but that it could be replaced by an urgency 

signal. In chapter 3, we perform a behavioral experiment, as well as a number of 

model simulations that test this claim. We show that the urgency gating model 

cannot account for decisions under changing conditions, while accumulation 

models such as the drift diffusion model can.

Chapter 4 focuses on the decision threshold at the implementational level of 

explanation. Previous work from our laboratory and others has demonstrated that 
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a frontostriatal network in the brain is more active when the decision threshold is 

lowered in order to make faster decisions. In chapter 4, we test the hypothesis that 

the striatum is causally involved in the setting of the decision threshold. We 

compared the behavior of a group of patients with a focal striatal lesion, and 

compare their decision-making behavior to that of healthy control participants. By 

subjecting them to a task where they are asked to respond either quickly or 

accurately, we show that the patients adjust their decision threshold significantly 

less than controls. This demonstrates that an intact striatum is necessary for 

strategically adapting the decision threshold in order to meet task demands.

Just like chapter 4, chapter 5 also focuses on the decision threshold at the 

implementational level of explanation. Rather than addressing the role of different 

structures, we now investigate the neurochemical basis of fast versus accurate 

decision making. Simply knowing that the striatum is causally involved in the setting 

of the decision threshold leaves the computational and neurochemical mechanisms 

by which it does so unknown. In chapter 4, we test the hypothesis that the level of 

dopamine determines the height of the decision threshold. We performed a double-

blind placebo-controlled experiment, in which we provided the participants with 

bromocriptine, a partially selective dopamine D2/D1 receptor agonist. Participants 

had to decide within a fast or an accurate response regime. We expected to see 

faster and less accurate responses when participants took bromocriptine. Contrary 

to our hypothesis, we showed that the drug did not alter decision thresholds. We 

conclude from this that the mechanism by which the striatum adjusts decision 

thresholds is most likely not dopaminergic, or at least not sensitive to bromocriptine.

These results are summarized in chapter 6, where we discuss what we have 

learned from the research described in this thesis, and how we might next study the 

decision threshold.


