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Introduction Neurophysiology Methods

o Affective decision-making involves evaluation of the outcomes of options. Both the risk and Table 1 SUBJECTS: 2 male rhesus monkeys (Macaca mulatta), monkey P and T.
value of outcomes affect behavior. The monkeys’ head was fixed and an eyetracker (Arrington Research, Inc. Scottsdale, AZ) was used to record eye position
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CONDITION

o In humans and monkeys, the amount of variability in the outcomes of an option influences
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choice?#. This variability has been quantified as the Coefficient of Variation (CV) and is a 1 x1 100% 0 1 x2 10 50% 1 !
. 35 o As shown in Figure 3, each trial begins when a fixation point, a small white circle, appears at
measure Of I’ISk . the center of a video screen along with one (Figure 3A, 3B) or two saccade targets (Figure 3C). -
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o Upon successful completion of all steps, the monkey receives a number of squirts of the fluid
reward according to the experimental contingency (described below). ‘
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o To deliver the different squirts of fluid rewards we use the Mitz pressure reward system (Crist
Instrument, Hagerstown, MD).
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juice, whereas the risky target gives a 50% chance of 5 squirts of juice and a 50% chance ofl Figure 3B
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o In each condition, the monkeys made 4 forced choice trials on one side (Figure 3A), 4 forced

trials on the other side (Figure 3B), and finally 2 free binary trials to either side (Figure 3C). This
@ x1 100% 0 1 @ x2 /0 12.5% 5 0.25 4,4, 2 block structure was used to enhance learning. The initial side of the forced choice was
randomly determined for each block. e % ‘ 9 % REWARD

Behavioral Results

o Specifically, it has been found that adult humans avoid more variable options in favor of
more consistent ones, while children and rhesus monkeys gravitate toward these risky
options.

o Although work thus far suggests that rhesus monkeys are generally risk-seeking, it is
unclear whether this preference is truly dependent upon the risk and the value of the
outcomes, especially regarding reward quality/likeability, independent of the specific task
demands.

~N o o A WDN

o To test the extent to which rhesus monkeys are influenced by the risk and values of
outcomes, we designed a food-based risky decision-making task, whereby the monkeys were
given a choice between a certain medium payoff option and one that varied between no
payoff and a high payoff.

Safe Option Probability CV of Safe Risky Probability CV of Risky

Figure 3C .
Outcome Positive Option Option of Outcomes farget choice

Outcome Outcomes

FOOD PREFERENCE PARADIGM
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S 40% = ° o While monkey T performed the fluid-based risky decision-making task, we are using a multi- Figure 4
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SUBJECTS: 2 male rhesus monkeys (Macaca mulatta), monkey P and T. 20% - 20% - dorsolateral prefrontal cortex.
The monkeys’ left arm was comfortably restrained to control for choice behavior . :
10% - 10% - o Figure 4 shows a dorsolateral prefrontal cortex neuron raster (top) and histogram (bottom).
_ _ The neuron fired significantly more (p=0.0118) prior to safe choices compared to risky choices
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o The monkeys were given a free binary choice between . . . -2 1.5 -1 0.3 0 0.3 1 1.5 2
2 of 3 different food items (A: mini M&M, B: mini o Both monkeys significantly preferred the mini M&M’s over the cheerio (two-tailed binomial test; P: p< 0.0001, T: p< 0.0001) as well as the aon cqured erion scqured
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containers that were easily viewable to the monkeys. The Mini M&M (A) @ o Thus, the subjective value/likeability of the food items was ranked as follows for both monkeys: H
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onclusions and future directions

o In a food-based risky decision-making task, our monkeys (P and T) preferred the risky option under all conditions of risk, independent of the likeability of the
reward. These results suggest that rhesus monkeys may be highly fixated on the larger potential positive reward, which is suggested by our computational
analyses of the data. Our monkeys, however, preferred the safe option when its overall expected value was higher than the risky option. This suggests that
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&2 zero outcomes affected the monkeys’ behavior and that they were not solely driven toward the highest potential reward.
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9 m% Risky (monkey T) o In a fluid-based risky decision-making task, preliminary neural data from the dorsolateral prefrontal cortex showed a neuron whose activity preceding choice
O 0% - was higher for safe choices than for risky ones.
: . , S 30% - o We plan to continue recording neurons in the dorsolateral prefrontal cortex as well as from the agranular/anterior insula in both monkeys as they perform the
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fluid-based risky decision-making task across different conditions of risk and value. We also plan to microstimulate these regions to determine their potential
20% - causal role in risky choice behavior. Finally, we also plan to computationally model both the behavioral and neuronal findings to gain further insight into risky
o Opaque lids (left side: green cross with blue background, right side: blue cross with green background) were used in this paradigm to prevent its contents from being seen by decision-making and the underlying neural dynamics.
the monkeys (see Figure 2). *k%k
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o In each condition (see Table 1), the safe side always had one food item while the risky side had (a) a potential for a larger amount of the same food item but also (b) a
possibility of no reward. In each condition, the monkeys made 4 forced choice trials on one side (Figure 2A), 4 forced trials on the other side (Figure 2B), and finally 8 free binary Refe rences
trials (Figure 2C). The initial side of the forced choice was randomly determined and the ITI between trials was 15 seconds. 0% T T T 2-tailed binomial test:
) ) ) o ) ] Condition 1 Condition 2 Condition 3 Condition 4 Condition 5 Condition 6 Condition 7 ***: p<.001, **: p<.01 1. Clark, L., Bechara, A., Damasio, H., Aitken, M. R., Sahakian, B. J., & Robbins, T. W. (2008). Differential effects of insular and ventromedial prefrontal cortex lesions on risky decision-making. Brain, 131(Pt 5), 1311-1322.
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o To examine stable preference, we analyzed only the last 30 free trials of each configuration (60 free trials). o Both monkeys significantly preferred the risky option across all conditions when the expected value/mean of the safe and risky options were 4. Paulsen, D. J., Platt, M. L., Huettel, S. A, & Brannon, E. M. (2011). Decision-making under risk in children, adolescents, and young adults. Front Psychol, 2, 72.
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o InTable 1, the Coefficient of Variation (CV) of an option was our operational definition of risk 35. It is defined as (for the risky option): v/((Cx1 — mean)” + (x, — mean)*)n) o Both monkeys significantly preferred the safe option when the expected value/mean of the safe option was higher than the risky option
mean (Condition 7). Correspondence

o Inthe CV equation, x, and x, are the potential outcomes of an option, n is the number of outcomes, and
the mean (or expected value) is calculated by multiplying the positive reward outcome by the probability of receiving it.
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