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Cognitive control is a general term encompassing the top-down processes that

guide thought and behavior in accordance with current goals, especially

when bottom-up stimuli and automatic, habitual responses either do not

specify a direction or must be overridden because they conflict with those

goals. As reflected in the papers collected here, it plays an essential role in

almost all stages of information processing and behavior. Its influence begins

in early perceptual and motor processes, is especially prominent in its

interactions with both short-term and long-term memory representations,

and both guides and responds to higher-order processes such as decision

making.

The critical nature of cognitive control for success across a broad range of

function has made it a central target of research across information

processing domains. The papers collected here reflect the diversity, with

some common themes emerging. These themes include an acknowledge-

ment of different types of control, with questions about the role of

inhibition and the degree to which control processes and their neural

instantiations are truly domain-general taking on particular prominence.

These questions are addressed in part by new methods of examining the

contributions of prefrontal cortex to different aspects of control. While

homologies among prefrontal areas in humans, non-human primates, and

rodents are unclear, the parallels in prefrontal contributions to control

functions are all the more impressive. Another emerging theme is the

increasing use of computational models to provide precise, mechanistic

descriptions and predictions about cognitive-control operations at differ-

ent processing stages. Finally, many of the papers here remind us that

while control processes guide thought and behavior, they are themselves

influenced by pre-existing biases in goals and by the information they

receive about the environmental context.

Cognitive control influences from perception to response
Several of the papers here remind us that control processes extend from the

beginning to the end of perception and action. Both Herzog and Manassi and

Rayner and Reingold argue against models conceptualizing visual proces-

sing as an exclusively feedforward process, instead noting the importance of

context. Herzog and Manassi describe a number of counterintuitive findings

(e.g. more flankers can reduce rather than increase crowding, complex

features influence the processing of lower-level features) supporting the

idea that even in simple object recognition, higher-level processes modulate

lower-level ones. Rayner and Reingold pick up similar themes in discussing
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the direct cognitive control hypothesis of eye movements

during reading. They suggest that doubts as to whether

there is sufficient time for cognitive processes to affect

most saccades can be addressed by taking parafoveal

processing (perhaps including the crowding effects dis-

cussed by Herzog and Manassi) into account. They

review converging evidence from a variety of paradigms

suggesting that these control processes may affect not

only reading, but also scene perception and other forms of

online processing.

The interplay between high- level and low-level visual

processing also comes out in Chee’s review of the influ-

ence of sleep deprivation on visual processing. He links

behavioral effects ranging from slower processing speed

and reduced processing of peripheral information to

impaired visual memory and increased vulnerability to

time-on-task effects to their different neural correlates.

Although some aspects of the introduction appear to refer

to the feedforward models of visual processing rejected

by the two previously described papers, this does not

appear to be a necessary part of his framework, and he

notes that the degree to which effects in extrastriate

cortex are independent of reduced fronto-parietal en-

gagement is not entirely clear. Indeed, both the short-

term ‘local sleep’ effects and the longer-term changes in

cortical–cortical and cortical–thalamic connectivity he

describes could provide an interesting test for these

models.

One could think of this first set of papers as focusing on

the early part of information processing (perception), with

Stuphorn paper’s focus on response inhibition at the end

(response). However, as an important reminder of how

these different stages provide feedback to each other, the

very first example is in the context of saccades, which are

of course the focus of Rayner and Reingold’s model.

Indeed, he notes we know much more about the saccade

inhibition than about skeletal muscle control. With a

nicely integrated review of findings across different spe-

cies, levels of analysis, and levels of control (e.g. local

inhibition vs more abstract proactive and reactive con-

trol), he suggests a core network for response inhibition

that appears to be conserved across mammalian evolution.

The paper by van Maanen et al. likewise brings things full

circle, applying diffusion models of the sort commonly

applied in perceptual decision-making research to spatial

response interference. They hypothesize links between

different model parameters and specific neural correlates;

although these links will require testing, a similar ap-

proach could be useful for resolving some of the ambigu-

ities Stuphorn notes in how different neurons and local

circuits contribute to inhibition within the larger network.

Control–memory interactions
Another set of papers describes the interactions between

control and memory. Chatham and Badre focus on one of
www.sciencedirect.com 
the key nodes in the inhibitory network described by

Stuphorn, the basal ganglia and their interactions with

cortical circuits. They provide a creative and sophisticated

analysis of the parallels in processing demands between

motor behavior and working memory, with potentially

corresponding parallels in the neural substrates of these

functions in basal ganglia operations involving input/out-

put gating and updating of working memory. This leads to

the issue of what representations are being updated, and

Postle describes how new data from state-of-the-art func-

tional brain imaging and EEG methods challenge conven-

tional dogma that frontal and parietal activity during a delay

represents a storage function that is reflected in more brain

activation for greater memory load. Instead, these new

approaches show that distributed patterns of activity vary

with the state-related changes that reflect cognitive pro-

cesses, in particular attention allocation.

Spiers and Barry focus on the representations supporting

spatial navigation, bringing together converging evi-

dence from electrophysiology, neuroimaging, and

computational modeling suggesting that while the hip-

pocampus represents the path to the goal, entorhinal

cortex represents distance along a vector to the goal, and

posterior parietal cortex represents egocentric direction.

Their analysis describes how the involvement of these

structures successively varies across different stages of

navigation (e.g. during route planning vs during travel),

with interactions with prefrontally mediated control

processes playing an important role in planning and

decision-making. Schlichting and Preston examine

how hippocampal–prefrontal interactions influence a

range of behaviors, from navigation to creativity, through

the integration of related memories via overlapping

neuronal populations. Their paper both provides a com-

prehensive and thoughtful overview of the history on

this issue, and examines the current standing of new

findings pointing to a key role for prefrontal control in

reconciling new memories with existing memory net-

work structure.

Insights into PFC contributions; domain-
general vs domain-specific models of control
The prefrontal cortex is the brain structure most often

associated with cognitive control, and several papers

consider how it carries out this role. Questions of inhibi-

tion and interference control, also central to the papers of

Stuphorn and van Maanen et al., reappear here as impor-

tant themes. Watanabe and Funahashi review advances in

understanding interference control, with an emphasis on

the insights gained from studies of single neuron activity

in monkey prefrontal cortex. They begin by outlining the

challenge of controlling interference during ‘multi-task-

ing’ and provide an overview of previous work indicating

that humans, rats, pigeons, and monkeys engage similar

processes in the face of these processes. They then

discuss neurophysiological studies in monkeys, including
Current Opinion in Behavioral Sciences 2015, 1:iv–vii

http://dx.doi.org/10.1016/j.cobeha.2014.10.006
http://dx.doi.org/10.1016/j.cobeha.2014.10.003
http://dx.doi.org/10.1016/j.cobeha.2014.10.009
http://dx.doi.org/10.1016/j.cobeha.2014.10.008
http://dx.doi.org/10.1016/j.cobeha.2014.10.010
http://dx.doi.org/10.1016/j.cobeha.2014.10.009
http://dx.doi.org/10.1016/j.cobeha.2014.08.001
http://dx.doi.org/10.1016/j.cobeha.2014.10.009
http://dx.doi.org/10.1016/j.cobeha.2014.08.004
http://dx.doi.org/10.1016/j.cobeha.2014.08.005
http://dx.doi.org/10.1016/j.cobeha.2014.07.005
http://dx.doi.org/10.1016/j.cobeha.2014.10.009
http://dx.doi.org/10.1016/j.cobeha.2014.10.010
http://dx.doi.org/10.1016/j.cobeha.2014.07.004


vi Cognitive Neuroscience
their own highly informative results, examining neural

mechanisms that support interference control by protect-

ing a sustained representation of relevant information in

the face of overload by distractors.

Although prefrontal cortex is generally accepted as a

major contributor to cognitive control, and inhibition is

often described as a major control mechanism for the

resolution of interference, exactly how prefrontal cortex

implements control and even the reality of inhibition as a

useful concept in cognition remain controversial. Banich

and Depue discuss two current central issues: whether the

role of prefrontal cortex is to inhibit responses or select

context-appropriate goals and whether there is regional

specificity within the prefrontal cortex for different

domains of inhibitory control. Then they describe their

own and related work that indicates a general role for

prefrontal cortex in context-guided goal selection and a

mix of domain-general and domain specific areas for

inhibitory control. Especially engaging are the parallels

between domains in which prefrontal cortex plays its role.

Kastner and colleagues also examine how frontoparietal

networks may be parcellated to support different aspects

of cognitive control, describing potential domain-general

and domain-specific components involved in space-

based, feature-based, object-based, and category-based

selection. They review how fMRI studies using new

topographic mapping techniques have revealed separate

subregions of this network involved in these different

domains. They note that studies spanning these different

domains of control and top-down selection seem to acti-

vate broad and often overlapping aspects of the fronto-

parietal network, and that analyses of functional

connectivity are needed to distinguish potentially more

domain-specific networks within this swath. These find-

ings support the notion of a fundamental attentional

function of prefrontal cortex, operating in anatomically

defined circuits to control cognitive function in distinct

psychological domains.

Decision-making, biases, and breakdowns in
control
The question of how to describe the division of labor

within prefrontal cortex continues into a group of papers

focusing on decision-making and reinforcement learning.

Those unfamiliar with this exciting and rapidly growing

area of research are encouraged to start with the paper by

O’Doherty et al., who provide a wonderfully clear descrip-

tion of computationally based reinforcement learning

theory. A critical distinction here is between ‘model-

based’ learning that relies on the learner’s model of the

current context and the likely near and far outcomes of

different decisions versus ‘model free’ learning that

depends on more immediate information about the value

of actions based on past reinforcement. As they review,

this has been a powerful framework for integrating across
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computational, neurophysiological, and neuroimaging re-

search to understand complex behaviors.

Any decision is only as good as the information on which it

is based, and Walton et al. provide an insightful integration

of monkey lesion and neurophysiological studies and hu-

man fMRI studies to suggest that orbitofrontal and ven-

tromedial prefrontal cortex play complementary roles in

controlling this information. Orbitofrontal cortex interacts

with sensory cortex to enhance task-relevant (especially

reward-relevant) information, whereas ventromedial pre-

frontal cortex is critical for value comparison and suppres-

sing irrelevant information.

Domenech and Koechlin also discuss the role of ventro-

medial prefrontal cortex in value comparison, putting it in

the context of a larger theoretical framework that

describes orbitofrontal and premotor prefrontal regions

as part of a system for selecting actions based on percep-

tual cues and reward, and ventromedial, dorsomedial,

lateral, and polar prefrontal cortex as involved in the

computations that decide between maintaining previous-

ly learned task sets versus exploring new ones in uncer-

tain environments. They note that their framework has

some parallels to other descriptions of model-free versus

model-based learning, with an important exception: most

descriptions of model-free and model-based learning

describe them as operating online and concurrently, with

intermixed and sometimes competing influences on be-

havior. In contrast, the authors’ view suggests that the

decision to create a new task (similar to model-based

learning) occurs ‘offline’ at specific time points when the

current task set is deemed unreliable. As they note,

testing competing hypotheses between these views will

be an important step for future research.

Paulus also incorporates a computational approach in chal-

lenging the idea that psychiatric populations, especially in

depression and anxiety, have general cognitive-control

impairments. He notes that behavioral impairments

are often absent or subtle, especially for emotionally

neutral materials, but that neuroimaging indicates altera-

tions in underlying processes specific to the disorder. In

particular, anxiety may lead to heightened responses in

conflict situations, whereas depression may reduce these

responses. He suggests that these reflect top-down biases

in processing rather than alterations in control per se, and

proposes a Bayesian model to differentiate these different

influences on performance.

Conclusion
This collection of perspectives on cognitive control re-

flect current accelerated progress in understanding both

the nature of ‘executive function’ as top-down processing

that guides behavior and the mechanisms by which

prefrontal cortex implements this processing by inhibito-

ry control. The range of cognitive control is pervasive
www.sciencedirect.com
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across perception, thought, decision making, and action,

and can be domain-selective or domain-general across

information modalities. The parallels between species

and between characteristics of prefrontal contributions

to different behavioral domains are impressive, yet there

remains much to be done to clarify whether there is a
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fundamental prefrontal mechanism across species, sub-

divisions of the prefrontal cortex, and the behavioral

domains of cognitive control. The importance of gaining

a better understanding of cognitive control cannot be

overstated, as it is very likely abnormalities in this func-

tion underlie multiple psychiatric disorders.
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