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Despite decades of research on OFC function, the exact function(s) of OFC remain elusive. In recent
years, 1 of the earliest hypotheses about OFC function, namely its involvement in inhibitory control, has
drifted to the periphery of the functional OFC landscape in favor of theories suggesting a role for OFC
in the representation of task or state space. The reasons for this drift are valid, owing in part to the
development of more sensitive behavioral approaches, a clear emphasis on cross-species and cross-
method comparisons, as well as the elegant integration of reinforcement learning theories. However,
recent evidence recording from OFC during the performance of traditional inhibitory control tasks has
found new evidence supporting a role for OFC in inhibitory control. While the extent to which these
findings can be integrated into existing frameworks is in its infancy, this review seeks to highlight these
findings with the goal of providing new insights into function of OFC.
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Decision-making is a fundamental component of human behav-
ior. Virtually, everything we do from the time at which we decide
to wake up until the time at which we decide to go to bed is a
decision. What to eat, what to wear, whether to go to work, what
to do at work, who to talk to, are just a small sampling of the types
of decisions we make on a near daily basis. Naturally, given the
frequency with which we make decisions, research probing the
neural basis of decision-making has emerged as, and remains, a
central feature in the research landscape of modern cognitive
neuroscience.

Within this landscape, much focus has been directed toward the
frontal areas of the brain which are thought to provide the com-
putational infrastructure to support, among other processes, effec-
tive decision-making and goal-directed behavior. Numerous
broad-reaching, multibrain region encompassing theories, as well
as mountains of single brain region specific theories, have been
proposed with the hopes of outlining a cogent experimental tra-
jectory to better elucidate how the frontal brain regions make
decisions.

The orbitofrontal cortex (OFC), a frontal brain region that sits
directly above the eyes, is in many ways a paragon for the type of
academic theorizing, testing, and retheorizing that research exam-

ining the function of frontal brain areas has undergone, and cur-
rently undergoes. From its humble beginnings as a brain region
important for inhibitory control to its current, albeit debated, place
as a brain area that represents a multidimensional map of task
space—that also sometimes moonlights as a center for emotional
regulation—the OFC personifies the difficulty in which pinpoint-
ing an exact function to a brain region creates. The academic
difficulty of this undertaking is compounded by the fact that with
each new reinterpretation of the functional OFC landscape, the
now questionable landscaping decisions of the previous interpre-
tation, clutter the new vision trying to emerge.

This review seeks to revisit some the earliest questionable
landscaping decisions in OFC theory, namely inhibitory control, in
the hopes of providing new insight into the involvement of OFC in
inhibitory control processes. We also hope to forge a clearer path
toward integrating theories of inhibitory control into more current
interpretations of OFC function. Importantly, before we begin, we
concede that the original theories on inhibitory control and OFC
function were too simplistic, and we appreciate more modern
interpretations of this literature, which have convincingly demon-
strated how these theories were misguided. However, like many,
we also believe that recent evidence has provided enough clues to
envision a role for OFC in inhibitory control that can exist within
the framework of more prominent theories, and that is what we
seek to convey here.

The History of the OFC and Inhibitory Control

Some of the earliest theories of OFC function were based on
observations of patients that had experienced frontal lobe damage.
The classic study of Phineas Gage was one of the earliest obser-
vations to contribute to OFC theory. As is well documented, a
tamping rod blasted though Gage’s skull cauterizing the wound as
it passed, but also effectively severing or severely damaging con-
nections between frontal brain areas, particularly the OFC, and the
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rest of his brain (Harlow, 1993; Van Horn et al., 2012). After
recovering, Gage was described as subdued, although generally
pleasant, but was prone to intense, seemingly uncontrollable fits of
rage, a departure from descriptions of his preinjury self, and a
condition that would later be described as a kind of behavioral
disinhibition (Harlow, 1993). Behavioral disinhibition, or intense
shifts in behavior from jovial to angry, would go on to be observed
as a relatively common side effect in patients that underwent
frontal lobectomy and OFC leucotomies (Bechara, Damasio, &
Damasio, 2000; Blair, 2010; Davidson, Putnam, & Larson, 2000;
Reitman, 1946; Saver & Damasio, 1991). In some cases changes in
behavior were so severe that researchers began classifying symp-
toms as a form of ‘acquired sociopathy’ (Bechara et al., 2000;
Blair, 2010; Davidson et al., 2000; Rudebeck & Rich, 2018; Saver
& Damasio, 1991).

Similarly, as psychologists and neuroscientists alike began look-
ing for signs of disinhibition associated with OFC damage in
patient, nonhuman primate, and rodent models, a wealth of data
emerged suggesting that the OFC was critical for reversal learning
(Bechara, Damasio, Tranel, & Damasio, 1997; Chudasama &
Robbins, 2003; Dias, Robbins, & Roberts, 1996; Fellows & Farah,
2003; Hornak et al., 2004; Izquierdo, Suda, & Murray, 2004;
Izquierdo & Jentsch, 2012; Jones & Mishkin, 1972; Kim &
Ragozzino, 2005; McAlonan & Brown, 2003; Rolls, Hornak,
Wade, & McGrath, 1994; Schoenbaum, Nugent, Saddoris, & Set-
low, 2002; Schoenbaum, Setlow, Nugent, Saddoris, & Gallagher,
2003; Walton, Behrens, Buckley, Rudebeck, & Rushworth, 2010).
At its core, reversal learning requires a subject to map a response
(e.g., press the right lever) onto the acquisition of some kind of
reward. After learning the initial association, subjects are then
asked to inhibit the previously learned response in favor of re-
sponding in the opposite manner (i.e., press the left lever) in order
to obtain reward. Subjects with OFC lesions were unable to per-
form the reversal, despite in most cases being able to learn the
initial discrimination. This was seen as evidence for the functional
role of OFC in inhibitory control, namely in the inhibition of
inappropriate or maladaptive responses.

The ease with which reversal learning could be operationalized
and tested across species in combination with the observed behav-
ioral deficits and the clinical behavioral disinhibition literature, led
many to propose a role for OFC in inhibitory control, and for a
time, established OFC at the center of inhibitory control.

The Argument Against OFC and Inhibitory Control

As research into the role of OFC in inhibitory control ramped
up, several pivotal findings during this time ultimately led to this
hypothesis’ demise (Rudebeck & Rich, 2018). The first of these
observations was that humans and animal models with OFC dam-
age were always able to learn the initial contingency with rela-
tively little, if any, difficulty. If OFC was critical for inhibiting a
behavioral response, then presumably when subjects first learn a
response, some degree of inhibition for the other, nontask relevant
strategies or responses would be needed. Accordingly, it stands to
reason that deficits in the acquisition of an association would also
be evident in a subject with OFC damage. However, when the
OFC of rats was lesioned in animals performing a classic inhibi-
tory control task, the GO/NOGO task, lesioned rats were able to
acquire NOGO responses at the same rate as controls (Schoen-

baum et al., 2002). The critical difference between controls and
lesioned animals was only observed when response contingencies
changed (Schoenbaum et al., 2002; Schoenbaum et al., 2003).
These findings were notably echoed by other work in rats (Rice-
berg & Shapiro, 2012) and nonhuman primates (Walton et al.,
2010), and helped usher in a shift in landscape of OFC theory.

Data using a modified version of a reversal task where instead
of subjects alternating between two associations, subjects were
asked to choose between three possible associations further com-
plicated this theory (Walton et al., 2010). By adding a third
association, researchers observed that OFC lesions impaired mon-
keys from obtaining the highest valued reward, but not because of
inflexibility/perseveration (Walton et al., 2010). Instead, deficits in
reward acquisition were explained by a failure to properly map
reward value onto the appropriate response. In other words, mon-
keys were not fixated on the previously rewarded behavioral
response in the way the inhibitory control hypothesis might pre-
dict, instead monkeys switched often but were unable to integrate
the changing reward information with the appropriate response
(Walton et al., 2010).

The so-called “nail in the coffin” for OFC’s role in inhibitory
control came when famous OFC lesion studies in nonhuman
primates were reexamined with different techniques (Kazama &
Bachevalier, 2009; Rudebeck, Saunders, Prescott, Chau, & Mur-
ray, 2013; Rudebeck & Murray, 2011). Previous work in nonhu-
man primates had established a role for OFC in reversal learning
through the use of aspiration lesions, which while small, damaged
both the OFC and the fibers of passage that passed through OFC.
Results with excitotoxic lesions, suggested that this once classic
effect of cognitive neuroscience may not be due to OFC damage
per se, but rather due to damage of the fibers that pass through
OFC. Indeed, in nonhuman primates it was shown that excitotoxic
lesions produced minimal impairment of reversal learning, and that
deficits in reversal learning could only be observed once a small
anterior portion of OFC was aspirated (Rudebeck et al., 2013).

Collectively, these three streams of research helped to reshape
the OFC landscape, shifting it from one dominated by a focus on
the role of OFC in inhibitory control to one that focused more on
OFC’s role in mapping value onto actions and stimuli. This new
focus on value/economic decision making would usher in arguably
the most productive and highly researched period in OFC function.

Current Theories of OFC Function

Outcome Expectancy

With the realization that impairment on reversal learning tasks
were due, in part, to deficits in a kind of reward credit assignment,
rather than a pure impairment of inhibitory control mechanisms, an
aptly named, ‘new perspective’ on the role of the OFC in adaptive
behavior began to emerge (Schoenbaum, Roesch, Stalnaker, &
Takahashi, 2009). While the history of this theory is beyond the
scope of this review, this new configuring of the OFC landscape
focused on reward expectancies instead of the inhibition of inap-
propriate responses. Specifically, it charged OFC with the role of
mapping a unique value onto a specific set of features or expec-
tancies an animal might have in a given environment (Schoen-
baum, Roesch, Stalnaker, & Takahashi, 2009).
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This perspective was supported by evidence of strong anticipa-
tory firing in OFC, that while not necessarily unique to OFC, was
robust, and often occurred before being detected in other brain
regions that showed similar response profiles (Gottfried,
O’Doherty, & Dolan, 2003; Hikosaka & Watanabe, 2004; Schoe-
nbaum, Chiba, & Gallagher, 1998; Schoenbaum et al., 2003;
Takahashi et al., 2011; Tremblay & Schultz, 1999; Wallis &
Miller, 2003). Critically, it was also shown that features of pre-
diction error encoding dopamine neurons was dependent on OFC
(Takahashi et al., 2011). Specifically, researchers showed that
without OFC, dopaminergic error signals failed to reflect internal
information about the impending response that distinguished ex-
ternally similar states leading to differently valued future reward
(Takahashi et al., 2011). These results suggest that OFC maintains
a kind of model-based representation or simulation of what the
animal or subject should be expecting from performing a specific
action or set of actions.

Behaviorally, data from Pavlovian reinforcer devaluation stud-
ies (Gallagher, McMahan, & Schoenbaum, 1999; Izquierdo et al.,
2004; Machado & Bachevalier, 2007; Pickens et al., 2003, 2005;
Schoenbaum et al., 2003), a Pavlovian Instrumental Transfer study
(Ostlund & Balleine, 2007), delayed-discounting studies
(Kheramin et al., 2003; Mobini et al., 2002; Winstanley, Theobald,
Cardinal, & Robbins, 2004), as well as more recent chemogenetic
work in mice (Baltz, Yalcinbas, Renteria, & Gremel, 2018), and
single neuron ablation work in the OFC of rats (Groman et al.,
2019), impairment of OFC disrupted a subject’s ability to adapt
behavioral appropriately based on changing reward contingencies.

Task/State Space

This evidence supported a role for OFC as a kind of critic that
evaluated actions and updated the value of said actions in a manner
which optimized future decisions. To do so, OFC would need to
maintain a kind of map to the subject’s current position in the task
in order to generate representations of what is expected (Stalnaker,
Cooch, & Schoenbaum, 2015; Wilson, Takahashi, Schoenbaum, &
Niv, 2014). The theory that the OFC acts as a kind of cognitive
map accounts for many of the previous visions of OFC function,
including its role in reversal learning, delayed alternation, extinc-
tion, devaluation, postextinction predictions, and prediction error
(Wilson et al., 2014). Critically, this theory makes the prediction
that the functional importance of OFC can be detected when
changes in task contingencies are either covert or only partially
signaled to the subject (Wilson et al., 2014). In rodents, medial
OFC is only necessary when reversals are partially observable, but
not when completely observable (Bradfield, Dezfouli, van Hol-
stein, Chieng, & Balleine, 2015). Similarly in humans, covert
changes in task space can be decoded from neural activity in OFC
(Schuck, Cai, Wilson, & Niv, 2016). Moreover, this theoretical
rendering of OFC function accounts for discrepancies in lesion
studies, which collectively suggest that while slower, subjects
without an OFC or with severe OFC damage exhibit only subtle
differences in learning ability from those with healthy OFC. In this
view, differences between healthy and OFC damaged subjects
stem from the compromised ability of subjects to detect subtle
differences between task spaces (Wilson et al., 2014), and fits with
preexisting ideas concerning a convergence of reward and aversive
information in OFC (Morrison & Salzman, 2009).

Revisiting Inhibitory Control

With an expansive and experimentally grounded theory of OFC
function in place, and the focus of the OFC landscape decidedly
shifted away from initial ideas of inhibitory control, it may seem
surprising to write a review about OFC and inhibitory control.
However, several papers and theories have presented conflicting
accounts of OFC function as they relate to stopping behaviors
(Aron, Robbins, & Poldrack, 2014). For instance, OFC lesions in
rats performing a 5-choice serial reaction time (RT) task have been
shown to increase perseverative responding (Chudasama & Rob-
bins, 2003) and work using a stop-signal task has shown that OFC
lesions increase stop-signal RT (SSRT), a measure of the time
needed to inhibit a prepotent response (Eagle et al., 2008). More-
over, administration of the attention-deficit hyperactivity drug
(ADHD), atomoxetine, to OFC has been shown to the increase
inhibitory control, and stabilize SSRTs on a stop-signal task (Bari
et al., 2011). Collectively, these findings do not provide conclusive
evidence linking OFC to inhibitory control, but it is worth noting
that they also do not provide evidence to the contrary. Instead,
these findings hint to the possible utility of classical inhibitory
control tasks, such as the stop-signal task, in the context of behav-
ioral neurophysiology to further assess the role of OFC in inhib-
itory control, as well as to help answer the question; what is OFC
signaling during response inhibition?

Importantly, while there is good reason to suspect that the
primary role of OFC is not inhibitory control from single neuron
recording studies, we must also recognize that much of the work
that supports this view was conducted using nontraditional inhib-
itory control tasks; that is, in tasks designed to test neural corre-
lates related to other functions, such as reward processing or
reversal of stimulus- or response-outcome contingencies. The pri-
mary goal of stop-signal tasks is to test how automatic or habitual
responding are inhibited outside the context of reward manipula-
tion (Verbruggen et al., 2019). The fact that studies have shown
that OFC lesions and pharmacological manipulations of OFC
changes SSRTs during stop-signal performance suggest that it
must be signaling something important for task performance (Ea-
gle et al., 2008). Despite this relatively straightforward prediction,
there have only been a small number of behavioral recording
studies examining single unit firing in the OFC of animals per-
forming analogs of tasks that specifically probe inhibitory func-
tion.

This issue has recently been addressed in monkey performing a
classic stop-signal, also described as countermanding (Balasubra-
mani, Pesce, & Hayden, 2020). In this task, monkeys were trained
to fixate on a white circle for 300 ms before a peripheral cue,
presented to either the right or left of the center point was pre-
sented (Figure 1A). On 67% of trials (GO trials) monkeys need to
make a saccade toward the peripheral cue in order to receive
reward. On the remaining 33% of trials (STOP trials), a second
cue, a gray square, was presented at the center point, after the
presentation of the first cue. Presentation of the STOP cue was
always delayed relative to the GO cue, and the delay was titrated
for each animal in order to maintain accuracy at approximately
50%. This delay is commonly referred to as a stop signal delay
(SSD) and the longer it is, the more difficult it is to inhibit
responding. Using this task, researchers found that the activity of
some OFC neurons correlated with successful task completion
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(Figure 1B) and that ensemble decoding revealed that firing in
OFC significantly distinguished firing on successful versus failed
inhibition trials (Balasubramani et al., 2020). Interestingly, a sep-
arate analysis revealed that inhibition signals were orthogonal to
value encoding, although signaled by the same neurons, suggesting
that inhibition and value information are represented discretely
(Balasubramani et al., 2020). Thus, the results demonstrate that
OFC does contribute to inhibitory control via task-related signals
that are outside the realm of reward or value encoding.

Consistent with these results, a study done in humans, also
performing a stop-signal task, showed that patients with OFC
lesions exhibited diminished N2 and error-related negativity sug-
gesting abnormalities in action monitoring (Solbakk et al., 2014).
Moreover, patients exhibited enhanced P3 error positivity and
posterror beta response, which suggests a role for OFC in outcome
evaluation (Solbakk et al., 2014). Thus, human work also suggests
that OFC manages functions related to both reward and inhibitory
control.

In addition to these studies, we have recently contributed to this
literature by recording from OFC in rats performing a novel
variant of stop-change tasks, which are similar to stop-signal tasks
but require subjects to not only inhibit behavior but to also redirect
it in the opposite direction (Bryden & Roesch, 2015). During
performance of this task, on 80% of trials (GO trials), rats were
trained to respond quickly to a directional light cue that indicated
one of two fluid wells that the rat would need to move to in order
to get a small liquid sucrose reward (Bryden & Roesch, 2015). On
the remaining 20% of the trials, STOP-change trials, rats received
the same first directional cue, but within 100ms of receiving the
first cue, a second cue in the opposite direction was illuminated
instructing rats to inhibit their initial response, and redirect their
response to the fluid well signaled by the second cue. In this task
the need to resolve ‘conflict’ between two actions requires inhibi-
tion of one (i.e., the direction signaled by the first cue light) and
promotion of the other (i.e., the direction signaled by the second
cue light).
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Figure 1. Activity in OFC reflects inhibitory control. a. Illustration of task. Monkeys were trained to fixate on
a center point before a GO cue was presented to either the left or right. On 67% of trials monkeys needed to make
a saccade in the direction of the GO cue in order to receive reward. On the remaining 33% of trials a STOP cue
(gray square) was displayed in the center after the GO cue was presented, directing the monkey to inhibit its
initial response. b. Example firing from neuron T25 across 579 trials. Firing is presented for GO (blue),
successful STOP trials (red) and failed STOP trials (orange). c. Ensemble analysis of prego signal data using
poststop trained decoders show accurate prediction of successful versus failed STOP trials. Time points in yellow
denote start time of 100msec boxcars having percent accuracies of classification above 50%. Data above the red
line indicates the 95th percentile value from permutation control tests. Graphs were provided by Benjamin
Hayden and adapted from (Balasubramani et al., 2020).
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At the neural level we see the resolution of conflicted response
signals in DMS emerge when rats correctly inhibit and redirect
behavior on STOP-change trials (Bryden, Burton, Kashtelyan,
Barnett, & Roesch, 2012); specifically we find that action plans in
DMS are slow to signal the correct direction and that the overall
the strength of the directional signals are attenuated on STOP
trials. These changes in neural firing correlate well with successful
stopping and slower RTs observed on STOP-change trials (Bryden
et al., 2012). Remarkably, when we recorded in OFC in the same
task, we found directional signals in OFC were not attenuated on
STOP-changes trials. Moreover, directional signals on STOP trials
were strongest on trials where rats experienced the greatest diffi-
culty inhibiting behavior (Bryden & Roesch, 2015). That is, OFC
was the most engaged when the need to inhibit behavior was at its
highest. Loss of this function would fit well with OFC lesion
studies showing longer SSRTs in rats (Eagle et al., 2008), sug-
gesting that movement signals in downstream areas, like DMS, are
slower to resolve without the necessary boost in encoding from
OFC.

In this view, OFC is not merely activated during inhibition, but
contributes to the amplification of directional signals when the
need for inhibition and adaptive behavior arises. This hypothesis is
further supported by the observation that firing in OFC was
strongly modulated during ‘conflict adaptation’ in rats performing
our task. Conflict adaptation is the well-known behavioral phe-
nomena whereby subjects perform better after difficult or high
conflict responses by slowing down and being more engaged in the
task at hand. In our task, rats respond more slowly to the first cue,
and more quickly and easily resolve conflict on STOP trials that
follow STOP trials or errant responses. It is during these trials, that
the directional signals in OFC are the strongest. This is illustrated
in Figure 2B and C, which plots the average firing rate of OFC
neurons during GO trials and sS (STOP following STOP trials)
trials. The strength of the directional signals (i.e., the difference
between thick and thin lines) was the strongest during sS trials via
a mechanism by which increases and decreases in firing were
observed for movements to be made into and away from each
neuron’s response field, effectively boosting or amplifying the
differentiation of the two competing actions. Such proactive am-
plification of response direction encoding likely contributes to
better adaptive behavior in the event the animal experiences con-
flict again (Bryden & Roesch, 2015). Further, we see that direc-
tional signals in response to the first cue are slower to emerge and
do not persist as long, thus inhibiting the prepotent drive to
respond to the first cue (Figure 2D). In many ways these results
support previous work in humans suggesting that OFC is involved
in the preparation of enacting inhibitory control (Chikazoe et al.,
2009).

Further support for OFC in this role comes from a lesion study
in nonhuman primates performing a variant of the Wisconsin Card
Sorting Task (Mansouri, Buckley, & Tanaka, 2014). Here, conflict
was manipulated by whether the two rules (i.e., pay attention to the
shape of the stimuli or the color) required the same or different
response. Shifts in rewarded rule were unannounced to the monkey
and occurred after the monkey reached 85% accuracy with the
current rule. Researchers found that OFC lesions increased the
number of trials required to reach criterion, suggesting that mon-
keys were less likely to rule-shift. Moreover, conflict adaptation
(i.e., the slowing of behavior following a high conflict trial to

increase the likelihood of correctly responding on the next trial)
was absent in lesioned monkeys. Further, recordings from OFC
during task performance showed firing that was indeed sensitive to
the level of conflict during decision-making periods.

It is important to note that none of the results presented here
argues against the role of OFC in maintaining a cognitive map like
representation of task space per se, however, these results provide
clear evidence that neural activity in OFC is modulated by conflict,
suggesting that these results merit further exploration. Specifically,
these results provide more insight into the means by which inhib-
itory control may be implemented in OFC, while also supports
much of the previous work implicating OFC in these and other
processes (Chikazoe et al., 2009; Dias et al., 1996; Eagle et al.,
2008; Majid, Cai, Corey-Bloom, & Aron, 2013; Roberts & Wallis,
2000).

Inhibitory Control in Task Space

Given that neurons in OFC are modulated by conflict, or the
need for inhibitory control, several possibilities for the utilization
of this information emerge. With the perspective of the cognitive
map theory in mind, it might be thought that inhibitory control
signals in OFC may be more indicative of the subjective value of
stopping during a stop-signal task. This idea merges current
thoughts on OFC and its importance in value encoding with
stopping behavior (Padoa-Schioppa, 2011), however, does not
align, with recording data suggesting that inhibitory control signals
are orthogonal to value signals (Balasubramani et al., 2020).
Again, from this perspective, a more likely scenario might be that
inhibitory control signals may be important for shifting a subject
from one task space to the next or even shifting the location of the
subject within a given task space. Given the observation that
deficits in behavioral performance due to OFC lesions emerge
when cues of task environment are only partially observable
(Bradfield et al., 2015), this suggests that OFC is vital for discrim-
inating. This discrimination is likely based on a variety of sensory
and motivational factors, which help OFC to process which state a
subject is in. In this view, in order for a subject to successfully
navigate task space, inhibitory control mechanisms need to be in
place to adapt behavior when task contingencies change. This fits
with the assertion that OFC is needed to dissociate between two
perceptually similar actions during conflict. Unfortunately, data
testing this hypothesis directly has yet to emerge. Functional
evidence linking OFC function to the failure to implement inhib-
itory control is needed to show that inhibitory control signals in
OFC direct this kind of task space switching/discrimination.

A Behavioral Economic Perspective

Alternatively, a computationally distinct, but emerging hypoth-
esis maintains that inhibitory control is just one part of a suite of
signals that OFC processes as it transforms a stimulus into an
action (Balasubramani et al., 2020; Yoo & Hayden, 2018). While
not necessarily specific to OFC, the fact that value and inhibitory
control information are orthogonal, yet multiplexed, by the same
neurons suggests that this information can contribute to either
helping define a task space or more directly to deciding whether to
proceed with an intended action (Balasubramani et al., 2020).

Importantly, this hypothesis is not mutually exclusive with the
task space hypothesis, and concedes that OFC may play a primary
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role in task space (Yoo & Hayden, 2018). However, unlike the
cognitive map theory of OFC function, which sees inhibitory
control as a potential mechanism to switch task spaces, this more
dendriform view of brain functioning raises the possibility that
these inhibitory control signals may be part of a larger control
network tasked with making decisions about which action to
perform. In other words, this more behavioral economics perspec-
tive, might suggest that OFC is just one part of a larger inhibitory
control circuit, charged with biasing behavior in a particular di-
rection, and that works in concert with several other frontal areas
in parallel. This fits with the findings of Bryden and Roesch

(Bryden & Roesch, 2015) as well, in that almost all firing in OFC
was directionally specific, and once again, that greater OFC ac-
tivity was observed on trials requiring the greatest control.

This perspective is also partially supported by a recent finding in
rats performing a response preparation task which showed that
optogenetic inhibition of OFC was associated with impairments in
reactive responding, specifically with regards to motor planning
and execution (Hardung et al., 2017). Moreover, the results of this
study showed that guiding of motor planning occurred in parallel
across several frontal regions, supporting the idea of dendriform
processing of information (Hardung et al., 2017).
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Figure 2. Executive control signals in rodent OFC during response inhibition. a. Illustration of the stop-change
task used by Bryden and Roesch (Bryden & Roesch, 2015). Rats were instructed to hold their nose in the center
port for 1 s, at which point a GO cue would be presented to either the left or right of the rat. On 80% of trials
the GO cue instructed the rat as to which of the two fluid wells to move to in order to receive reward. On the
remaining 20% of trials, STOP trials, after the initial GO cue, a STOP cue was presented on the opposite side,
instructing the rat to inhibit its initial response in the direction of the GO cue, in favor of responding in the
direction of the STOP cue. b. Population histogram showing average normalized firing rates of increasing-type
OFC neurons (n � 209) on GO (blue) and sS (stop preceding a STOP trial; red) trials. Direction firing was
strongest (filled region between thick and thin lines) on sS suggesting OFC is activated by previous instances
of conflict/need to engage inhibitory control mechanisms. Thick lines represent firing in the each cell’s preferred
direction or into the response field and thin lines represent firing in the nonpreferred direction or away from
response field. Tick marks represent 100 ms bins (slid by 10 ms) where there was a significant difference
between response directions (Wilcoxon’s; p � .01). Note that selectivity emerges before the stop change RT (i.e.,
SCRT; time needed to inhibit behavior) and is stronger on STOP trials. c. Plots the normalized difference firing
during the response epoch between actions made into and away from the response field (i.e., into-away/into �
away). The strength of the directional signal was significantly stronger on sS trials compared to GO and gS (not
shown) trials (Wilcoxon’s; p � .05). These results suggest that OFC contributes to inhibitory control by
strengthening directional signals during response conflict. d. Average firing during GO trials broken down by
preceding trial-type: sG � STOP preceding GO; gG � GO preceding GO. Tick marks represent 100 ms bins
(slid by 10 ms) where there was a significant difference between response directions (Wilcoxon’s; p � .01). Note
that differences in firing between response directions became significant later and were less persistent on sG
trials. Thus, after STOP trials the emergence of responding the first cue is proactively diminished or inhibited
to improve performance if inhibition is to be required again. Downward arrows represent average time of fluid
well entry (i.e., completion of behavioral response). All graphs were adapted from (Bryden & Roesch, 2015).T
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Lastly, it is important to note that this emerging idea is still very
much just that, emerging, at least with respect to experimental
evidence. However, in principle, this idea critically expands OFC’s
involvement in inhibitory control in a way that fits with recording
data collected from stop-signal tasks, while also accounting for,
ideas of value and expected outcomes (Padoa-Schioppa, 2011;
Yoo & Hayden, 2018).

Conclusions

Despite the constant reshaping of the OFC functional landscape,
inhibitory control has managed to remain a constant, albeit at times
unsightly, member of this landscape. The recent emergence of
recording findings from OFC in animals performing classic inhib-
itory control tasks is starting to shed new light on the role of OFC
in control. Future work must pay close attention to the ways in
which OFC helps to form actions, and to dissociate whether its
computations serve a more value-based or a motor-planning one.
Particularly, work exploring how decision-making works with
measures of self-control may usher in a new vision for OFC
function that once again places control at the forefront (Balasu-
bramani et al., 2020; Yoo & Hayden, 2018). The functional OFC
landscape is ever changing, but we believe understanding how
inhibitory signals fit within this landscape is crucial to developing
the most accurate understanding of OFC function.
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