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Everyday we make decisions about what to seek out, whether it is a tasty sandwich, money, 

or someone to spend time with. Similarly, we also have to decide what or who to avoid. 

The ease with which we do this relies on a region of the brain sitting directly above the 

eyes known as the orbitofrontal cortex (OFC). Scientists and neurologists first determined 

that this part of the brain was important for these abilities by studying people who lacked 

a properly functioning OFC. People with OFC damage often make disastrous life choices, 

such as pouring all of their money into ill-advised schemes or breaking the law on a lark. In 

addition to making poor decisions, they are frequently inappropriate, impulsive, and unable 

to socially navigate the world. In some cases the impairment is so great that they have been 

described as having “acquired sociopathy”.

While these individuals have provided vital insights into what this part of the brain might 

be necessary for, patient observations alone cannot tell the full story of OFC function. 

Many open questions remain about how OFC shapes our behavior and the underlying neural 

mechanisms involved. In this primer, we provide an overview of our understanding of OFC 

function as it has evolved from basic and clinical research, as well as the theories that have 

guided it. To begin, we will review important features of anatomy and connectivity that 

define OFC.

What constitutes OFC?

The OFC consists of a large swath of cortex on the ventral side of the frontal lobes. Precisely 

where its boundaries lie is uncertain, in part because “OFC” is a general anatomical label, 

similar to geographical terms like Southeast Asia or Middle East: it references a region, but 

everyone’s idea of what constitutes it is slightly different. For instance, the cortex of the 

gyrus rectus is sometimes considered part of OFC proper, part of the ventromedial prefrontal 

cortex (vmPFC), or part of a distinct region labeled medial OFC. For reasons such as this, it 

is important to clarify what we mean when we refer to OFC. For the purposes of this review, 

we will use the term OFC to refer to cortical areas that lie exclusively on the ventral surface 

of the frontal cortex in primates (Figure 1). In rodents this roughly approximates medial, 

lateral, and ventral orbital subfields. Of note, the region just above the medial aspects of 
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OFC, the ventromedial prefrontal cortex (vmPFC), is often involved in cases of incidental 

OFC damage in humans, leading to a tendency to lump these two areas together when 

discussing their function. However, they connect to largely different parts of the brain, so we 

will be clear when referring to OFC alone or with vmPFC.

Anatomy and Organization of OFC

All mammals have an area that resembles the human OFC in terms of the anatomical 

connections sent and received from other brain areas. OFC receives highly processed 

sensory information, information about current bodily states such as hunger and thirst, as 

well as inputs from areas that process high-level emotional and social information (Figure 

2A). The main outputs connect to the medial striatum, mediodorsal thalamus, and other parts 

of the prefrontal cortex. Together, this suite of connections is believed to enable neurons in 

OFC to encode associations between sensory stimuli in the external world and internal states 

related to emotionally relevant events. These signals can then be integrated into ongoing 

cognitive operations in other parts of PFC and beyond.

Despite similar connectivity, there are marked differences in OFC structure and complexity 

across species. Starting in the early twentieth century, anatomists painstakingly mapped and 

quantified how neurons are distributed in the human cortex. They showed that OFC includes 

a host of distinct subregions (Figure 1) that are characterized by differences in the cellular 

anatomy of cortical layers, (Figure 2B). Analysis of monkey OFC revealed that it possesses 

similar subregions as in humans, but the rodent OFC doesn’t have the same diversity. In 

particular, there are no parts of rodent OFC that anatomists describe as granular, referring 

to cortex that contains small pyramidal shaped ‘granule cells’ in the middle cortical layers. 

In primate OFC there is a gradient from posterior regions that are agranular like the rodent, 

to middle, so-called dysgranular regions that have sparse granule cells, to fully granular 

cortex anteriorly (Figure 2B). This progression is similar to what is seen in humans and 

likely reflects the fact that humans and monkeys have a more recent common ancestor than 

rodents. The pattern of cellular organization across species has led some to suggest that 

the rodent OFC is most similar to posterior agranular areas in primates, and that the more 

anterior regions appeared later in evolution. It is important to note, however, that the OFC of 

monkeys is not simply a smaller version of the human’s. Recent analyses suggest that there 

are parts of anterior OFC in human that do not have clear homologues in monkeys.

Initial insights into OFC function from neuropsychology

Early investigations into OFC function focused mainly on observations from patients with 

brain damage and similar lesions made experimentally in animals. For instance, in the 

era when frontal lobotomies were performed to treat psychiatric patients, a small number 

of “orbital leucotomies” were also carried out. Frontal lobotomies or leucotomies were 

operations that severed the brain’s connections to and from the frontal lobes. The orbital 

version was more selective, targeting only the connections in the vicinity of OFC in an 

attempt to reduce psychosis with fewer side effects than a full frontal lobotomy. Among 

the small number of patients that received them, doctors reported increased extroversion, 

restlessness, and euphoria, while aggressive or impulsive tendencies worsened. Even though 
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these procedures were done in patients with psychiatric problems, the effects were consistent 

with those of incidental OFC damage in healthy individuals, in that there was an overall 

reduction of emotional and behavioral inhibition. Those who were pathologically inhibited 

improved, but those with tendencies to be cruel or impulsive became more so.

Based on these observations one prominent theory suggested that OFC was critical for 

exerting “inhibitory control” over behavior. In other words, using knowledge of a situation 

and likely consequences of an action to control impulsive responses. This hypothesis 

was appealing because it was consistent with the phenotype of social and behavioral dis-

inhibition observed in humans, and could be operationalized to study animal behavior. 

As in humans, lesions of OFC in animals produced behavior that could be described as 

dis-inhibited. For example, studies in monkeys where large lesions of the orbital area were 

made found inappropriate emotional behavior, such as disregarding threatening stimuli, as 

well as learning impairments that were largely due to an inability to inhibit responses. 

This was especially true in a paradigm called reversal learning. In this paradigm, subjects’ 

become highly practiced at performing one response, for instance selecting one of a 

pair of visual images, to gain a food reward. Then the contingencies are unexpectedly 

reversed so the practiced response becomes unrewarded and the new response leads to food 

instead (Figure 3A). Studies in species ranging from rodents to carnivores to monkeys to 

humans all reported deficits in reversal learning tasks following OFC damage, with subjects 

perseverating on previously learned responses. Thus, studies of reversal learning in subjects 

with large lesions contributed to the idea that OFC was important for exerting inhibitory 

control.

Related to these ideas, a second hypothesis suggested that the OFC was important for 

interpreting changes in bodily state during emotional experiences, such as rapid heart beat 

or “butterflies” in the stomach. From this view, lack of inhibitory control and emotional 

disruption could be explained by an inability to use changes in bodily state as warning cues 

to inhibit risky or unwanted actions. This notion came from the finding that patients with 

OFC/vmPFC damage do not show characteristic changes in heart rate or skin conductance 

that usually accompany viewing emotionally charged pictures or encountering a risky 

situation. Researchers suggested that a key deficit in these patients was an inability to 

generate an appropriate “feeling”, in this case heightened arousal, which the healthy subjects 

might use to guide their behavior away from bad options and toward good. The idea 

that OFC creates these anticipatory responses was called the somatic marker hypothesis, a 

reference to the notion that what we call feelings have an origin in somatic (bodily) changes.

While there may, indeed, be strong links between OFC and emotion, follow-up studies 

suggested that the deficits indicative of somatic markers were not exclusively related to 

bodily responses. For instance, decision-making deficits in a gambling task that elicited 

somatic responses were more likely caused by the need for subjects to reverse their choices 

when one gamble appeared better at first but turned out to be a losing option. Indeed, 

when patients with OFC damage were tested on this task, they failed to switch responses 

appropriately, but could perform well when there was no reversal built in. While the 

somatic marker hypothesis appears less likely, the view that the OFC is important for 

inhibitory control persists in the literature. This idea has been an important waypoint in 

Rudebeck and Rich Page 3

Curr Biol. Author manuscript; available in PMC 2022 July 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



our understanding of OFC function, but ultimately deficits in inhibitory control are better 

understood as a description of the effects of OFC damage on behavior, and not a good 

characterization of the key functions that this part of the brain subserves.

Specific predictions for goal-directed behavior, not inhibitory control

Strong indications that OFC function was poorly defined by the theory of inhibitory control 

came from a number of sources. These supported a new view that OFC is involved in 

encoding or storing specific stimulus-reward associations that promote adaptive behavior, 

rather than inhibiting inappropriate responses per se. The first evidence was from studies 

that measured the activity of neurons in OFC when animals performed reversal learning 

tasks. If the key role of OFC were inhibiting incorrect responses as predicted by the 

inhibitory control theory, one would expect neurons to be most active at times when 

inhibition was required. However, this was not the case. OFC tends to be activated by 

affective outcomes – rewards or punishments – and the stimuli that predict them. When 

reversals occur, the activity of neurons in OFC tracks the new associations. Neuroimaging 

studies of humans performing similar tasks also found responses in OFC mainly to rewards 

and reward-predicting stimuli, and interestingly, more lateral parts of the inferior frontal 

convexity outside of the OFC do show activations related to inhibitory control.

These results dovetailed with other sources suggesting that OFC is not required for 

inhibiting responses, but is critical for goal directed behavior. Learning theory refers to 

behaviors that are based on the current motivational state of the animal and knowledge of a 

particular outcome (or goal) that is expected as “goal directed”. In this case, knowledge of 

the outcome means its sensory features, motivational value, quantities, and so forth. Having 

this knowledge means that responses are flexible, and can change when circumstances 

change. This is in contrast to habitual behaviors that are reflexive and not guided by 

knowledge of the outcome. For example, imagine that you hear in the news that there is a 

health scare associated with your favorite food. If your behavior is goal directed, the next 

time you are at the supermarket you won’t buy that food, as you know it has the potential to 

make you sick. By contrast, if your behavior is habitual, you will buy food as you always do, 

without considering that you’ll likely decide not to eat it later.

Studies of animals with OFC lesions showed that, in addition to having problems inhibiting 

responses, they were also unable to remember the motivational value and sensory features of 

the rewards that they might receive for making a choice. That is, they were not goal-directed. 

This inability to remember the identity of unique goals has been classically shown using 

reinforcement devaluation paradigms (Figure 3B). Here a subject learns that different stimuli 

predict two unique outcomes, for instance two different foods such as peanuts and raisins. 

When the subject is sated on one food (e.g. peanuts) but not the other, and offered a 

choice between the two, healthy subjects will adaptively choose the option that leads to 

the food they were not sated on. Therefore, they use knowledge of their internal state to 

update the food’s value so they now prefer raisins, when previously they may have liked 

peanuts and raisins equally. By contrast, neither humans nor animals with damage to OFC 

show this preference, suggesting OFC plays an important role in updating the value of 

potential outcomes following satiation. At the circuit level, interactions between OFC and 
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amygdala are critical for normal devaluation, and disruption of these connections can cause 

similar behavioral deficits. Functional neuroimaging studies have similarly found that when 

a specific food is devalued through satiety, the OFC responses to that food are altered, 

likely reflecting the change in motivational value, and this is associated with concomitant 

devaluation related changes in amygdala activity. In contrast, food responses in gustatory 

cortex are unchanged, since this area represents sensory features of the food, rather than its 

motivational value.

How, then, can we reconcile the goal-directed and inhibitory control hypotheses of 

OFC function? Interestingly, recent work has suggested that we may not have to. The 

large experimental lesions that produced impairments in reversal learning and reinforcer 

devaluation were ablations that removed the OFC. This approach not only damages neurons 

in the target area but also white matter nearby that contains axons traveling to other brain 

areas. The collateral white matter damage can be avoided with excitotoxic lesions that only 

damage cells in the target area, but leave fibers passing through intact. When monkeys 

were given large excitotoxic OFC lesions instead of ablations, they performed normally on 

reversal learning tasks, but were still impaired in reinforcer devaluation. This indicates that, 

at least in primates, OFC is required for updating and storing information about outcomes 

that will follow choices, not for inhibitory control associated with reversal learning. It is 

important to point out that these results differ from classic observations in human patients, 

where damage is physical, similar to the experimental ablations, and therefore involved 

neurons as well as adjacent white matter. Indeed the orbital leucotomies described earlier 

specifically targeted these white matter connections near OFC to alter people’s behavior. 

Thus, inhibitory control deficits seen in humans after lesions or leucotomies involving OFC 

are likely the consequence of damage to the nearby white matter not the OFC itself. Instead, 

a primary function of neurons in OFC is computing specific sensory and motivational 

information about the result of potential choice.

Decision-making – computation and comparison of options

If OFC is necessary to predict the likely outcomes of a particular choice, it stands to reason 

that individuals with damage to OFC would have difficulties making decisions. This is 

because, incorrect or absent predictions about the consequences of possible actions would 

lead to erratic choices. There have been many studies of humans and laboratory animals 

making simple choices that reveal aspects of OFC activity that might play an important 

role in decision-making. First, the activity of neurons in monkey OFC is related to the 

subjective evaluation of choice options. For example, given a set of 3 images where image 

3 predicts the receipt of a large reward, 2 a small reward and 1 an aversive stimulus, the 

activity of a sizable proportion of OFC neurons will have graded responses to images 1, 

2, and 3 (Figure 4A). This pattern of activity is described as encoding value because it 

defines a scale from aversive to rewarding. These neural responses also integrate value 

across qualitatively different rewards or punishments, and can incorporate the costs, such 

as time or effort required to obtain a reward or avoid a punishment. Value signals are also 

influenced by factors such as risk or uncertainty. This integrated and subjective nature of 

these value signals has led many to view these OFC responses from the perspective of 

economic choice. This concept of value is distinct from processes such as motivation or 
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attention, that are related to the intensity of a stimulus, but aversive and rewarding stimuli 

may be similarly salient. Salience encoding has been reported in widespread areas outside of 

the OFC, including sensory areas and premotor cortex.

What are these value signals in OFC important for? One prominent theory suggests that 

computing the value of different options makes it possible to directly compare dissimilar 

goals by representing them on a common scale. For instance, say you have to choose 

between three lotteries that offer different probabilities of winning $100, at 80%, 50% 

and 20%. This choice is easy because the options are discernable on the common scale. 

However, the problem gets harder when the options are dissimilar; say comparing between 

an apple, two oranges, and bunch of raisins. OFC is important for making these types of 

value-based decisions, which depend on preference (e.g. apples, oranges, or raisins better?), 

but not perceptual decisions, which depend on interpreting sensory information (e.g. is this a 

picture of an apple, orange, or raisin?). The idea of a common scale for comparison is also 

appealing because it explains situations where we make suboptimal decisions. For example, 

in the lottery above, humans and animals are prone to suboptimal choices when one option 

is much worse than the other two. If the probabilities are 80%, 70% and 5%, then the 

difference between 70% and 80% seems small and 70% is chosen more often than if the 

options are 80%, 70% and 60%. This is because the value scale is spread out by the presence 

of the 5% option, making it more difficult to tell the difference between the higher options. 

In humans and monkeys, the ability to choose optimally in this situation depends on the 

most medial portion of OFC.

What are the mechanisms by which OFC makes these comparisons? In the case of 

perceptual decisions elsewhere in the brain, a process called mutual inhibition is believed 

to be important. Here, separate populations of neurons respond to different categories of 

stimuli, and the activity of one population directly inhibits the activity of the other, such that 

this simple network computation could determine which type of stimulus is being perceived. 

There is some evidence that mutual inhibition also occurs in the most medial areas of OFC, 

but is not the case in other OFC areas, which are nonetheless thought to be important 

for choice behavior. Instead, the majority of OFC neurons encode the subjective value of 

choice options on a single value scale, meaning there are not separate populations of neurons 

that respond to each option, making it impossible for these neurons to implement mutual 

inhibition. Of note, when the choice involves qualitatively different outcomes, a smaller 

population of neurons does encode the value of each option, or ‘offer’, nonetheless mutual 

inhibition does not appear to be a key computation in most of OFC. More recent ideas 

suggest that the choice computation may involve the dynamic representation of different 

options by ensembles of neurons in OFC, because each option can be transiently represented 

in OFC as the subject makes a choice. This process may be closely related to attention, and 

emerging research has shown that value signals in OFC are influenced by which stimuli 

are currently being attended. From this view, one possibility is that the mechanisms of 

comparison in OFC involve the rapid fluctuations of our internal focus between different 

possibilities being considered.
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OFC, learning, memory, and other higher cognitive functions

Similar to decision-making, learning and memory would be significantly affected if one 

could not accurately predict outcomes. Indeed, there appears to be a central role for OFC 

in learning, particularly when subjects must continually update which stimuli will lead to 

desired outcomes and which will not. Neurons in the OFC track available rewards and 

punishments, signaling their quality, quantity and other associated features. Lesions of the 

OFC, particularly in rats, render them unable to learn and quickly update stimulus reward 

associations. In humans and monkeys, learning impairments following OFC damage are 

most notable when the relationship between stimuli and rewards is probabilistic, i.e. there 

is not a one-to-one mapping between choosing a stimulus and getting a reward. Neural 

activity in OFC also tracks probabilities of getting a reward when they change over time. 

Interestingly, learning in probabilistic settings and storing specific information about an 

outcome appear to depend on different parts of OFC. Areas 11 and 13 in the central 

OFC are necessary for updating and storing outcome specific information, but not learning 

probabilistic associations. In contrast, area 12 on the inferior-lateral convexity is important 

for learning from probabilistic feedback but not storing sensory specific information. This 

dichotomy largely agrees with surveys of the neural activity across these two areas.

Neural recordings in animals, human imaging, and lesion studies have also highlighted a 

role for OFC in signaling higher order representations related to reward and other abstract 

information. Specifically, neurons in OFC have been found to signal rules, strategies, 

conflict between courses of action, information about future rewards, secondary reinforcers, 

and even hypothetical rewards, i.e. rewards that would have been obtained if another choice 

had been made. Similarly activations in human OFC/vmPFC have been reported during 

the experience of regret and other higher order constructs. One recent idea that attempted 

to synthesize all of these data suggests that the core function of OFC is to represent a 

“cognitive map” of the current environment in relation to current goals. Note that the 

cognitive map in OFC is different from what has been described in hippocampus, where 

neurons strongly represent physical space. The cognitive map in OFC appears organized 

around goals and desired outcomes rather than space as in hippocampus, and would tell you 

when it’s appropriate to make a given choice. This OFC map would be learned and accessed 

by other brain areas as the animal interacts with the environment. For example, prediction 

errors signaled by the activity of dopamine neurons in the midbrain depend on expectations 

that originate from these putative maps in OFC. Currently, this view accommodates the 

available data, but further efforts are needed to flesh out specifics of how such maps might 

be constructed and used.

A role for OFC in emotion regulation, social behavior, and psychiatric 

disorders

Navigating the social world relies on many of the same prediction and decision-making 

functions ascribed to OFC. Not surprisingly, damage to the OFC in humans is associated 

with a host of changes in social behavior and at the extreme these have presentations similar 

to sociopathy. In animals, lesions of the OFC are associated with increased aggression 
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and reduced fear-related behavior. The hypotheses about the role of OFC in emotion have 

recently been revised in monkeys based on comparisons between ablation and excitotoxic 

lesions. Monkeys with OFC ablations that damage both gray and white matter exhibit 

blunted emotional responses to anxiety provoking stimuli, such as snakes. However, when 

excitotoxic lesions are made, monkeys show heightened emotional responses, indicating an 

inability to inhibit fearful emotions consistent with anxiety. Human neuroimaging studies 

also support a role for OFC in emotion regulation. Activity in area 12 on the inferior-lateral 

convexity correlates with the ability to regulate emotion by reappraising emotionally charged 

images, for instance by imagining a less emotional narrative for a violent scene, when 

instructed.

This relationship of OFC to emotional regulation can be extrapolated to social contexts. 

For instance the aggression and emotional dis-inhibition following lesion may come about 

because of a reduced ability to predict the consequences of interacting with others. Indeed, 

fMRI studies in humans find that OFC is differentially activated by faces when social 

information is or is not important. In macaques, neurons in OFC signal the presence of faces 

and socially relevant features of conspecifics, such as identities, expressions, and social rank 

of the other individual. These factors are important for determining how to interact socially 

with others, and loss of this information could lead to dysfunctional social interactions.

Social context, such as the presence of another individual or who that individual is can also 

influence the meaning of rewards and how they are processed in OFC. For instance, when 

macaques play interactive games with each other, OFC neurons are modulated by reward 

depending on whether another animal is present and will also receive a reward. Similarly, 

OFC activity is modulated by situations where people have to decide between different 

courses of action based on social context.

Ultimately these effects on emotional and social behavior are intimately tied to the cognitive 

functions supported by OFC. Together, the data indicate that OFC is critical for interfacing 

emotion and cognition, and as such, OFC dysfunction is linked to cognitive-emotional 

disorders. Abnormal structure or function in OFC has been noted in a wide range of 

psychiatric patient populations, including individuals with depression, anxiety, obsessive-

compulsive disorder, psychopathic and sociopathic disorders, and substance use disorders. 

In obsessive-compulsive disorder (OCD) there are unregulated negative emotions that drive 

the need to perform certain rituals to excess. Both structural and functional changes in 

OFC, as well as its interactions with the striatum, correlate with these symptoms. OFC 

dysfunction is implicated in drug addiction, where a series of maladaptive stimulus-reward 

associations are learned and drive compulsive drug seeking. Recent research even suggests 

that substances such as cocaine can directly cause changes in local circuit activity through 

epigenetic modifications and this degrades OFC function, perhaps diminishing goal-directed 

behavior and increasing the tendency toward habitual drug seeking. Psychopathic traits, 

including violence and lack of emotional reactivity and empathy, have been tied to impaired 

OFC/vmPFC – amygdala interactions, which may disrupt the ability to learn about social 

rewards. These and many other examples illustrate how disruptions in the core functions of 

OFC and associated circuits can result in myriad psychiatric syndromes.
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Summary

While the fundamental functions of OFC are still a subject of intense research, our 

understanding has evolved from early patient observations to testable theories involving 

specific neural mechanisms. Overall, OFC lies at the interface of emotion and cognition. 

It plays a central role in our ability to make predictions about the likely consequences of 

potential actions so that we can make optimal decisions. When OFC processes go awry, 

the results manifest in a spectrum of cognitive-emotional disorders, with the particular 

syndrome depending on variables such as the subregion of OFC involved or associated 

circuit pathologies. Further research is still needed to address the many outstanding 

questions. Of particular impact will be those investigating the neural mechanisms that allow 

OFC to carry out its high-level functions, and how these processes go awry in psychological 

disorders. (2009)
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Figure 1. 
Subregions of the human OFC. Ventral, lateral, and medial brain views are shown with 

OFC regions highlighted. While various parcellations of OFC into subregions have been 

proposed, most include divisions into areas 11, 13, 14, and 47/12.
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Figure 2. 
OFC anatomy and connectivity. (A) The major cortical and subcortical connections with 

OFC. PFC = prefrontal cortex, MD = mediodorsal, PAG = periaqueductal gray. (B) The 

first panel is a ventral view of the monkey brain with anterior temporal lobes removed to 

show OFC. A = Anterior, P = Posterior. The second panel is two thionin-stained sections of 

monkey OFC, oriented with the cortical surface at the top. There are higher cell densities in 

the middle layer (G) of the anterior section.
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Figure 3. 
Two classic tests of OFC function. (A) In reversal learning tasks, subjects first learn 

stimulus-reward associations. In this case, selecting circles will lead to reward and 

selecting triangles will lead to no reward. Next, these associations are reversed, so that 

the triangles predict reward and the circles predict no reward. The bottom panel shows 

typical performance of a normal subject. Once the first association is learned, they have a 

high accuracy for selecting the rewarding stimulus. At the onset of the reversal, performance 

drops below chance because the subject is not warned that contingencies have changed and 

they continue to select the circles, expecting this stimulus to be rewarded. With trial and 

error, they learn to stop selecting circles and instead select triangles to receive reward. (B) 

In devaluation tasks, subjects first learn a series of stimulus-reward associations. In this case, 

selecting circles will lead to peanuts, triangles will lead to raisins, stars and spirals will lead 

to no reward. After learning, the subject is given a preference test in which their options are 

stimuli that predict different types of rewards that are equally preferred. If they are not sated, 

they will choose circles or triangles with equal probability. If they are sated on peanuts, they 

will prefer to have raisins, and should select triangles. If they are sated on raisins, they will 
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prefer peanuts and should select circles. OFC damage impairs devaluation, and abolishes 

satiety-specific preferences.
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Figure 4. 
Value-coding neurons in monkey OFC. On each trial, the subject saw a stimulus at time 0 

that predicted a small, medium, or large reward. The lines show all the average neuronal 

activity on all trials of each type, aligned to the time the stimulus appeared. (A) Neuron 1 

responded more to stimuli predicting large rewards (B) Neuron 2 responded more to stimuli 

predicting small rewards. Neurons with both types of responses are present in approximately 

equal proportions in monkey OFC.
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