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Goal of this paper

To propose a model of emotional regulation (ER) based on principles of executive function (EF) that spans Marr’s (1982) three levels of analysis; computational (concerning what EF accomplishes), algorithmic (dealing in more detail with the way information is represented and how it is processed), and implementational (examining how the information processing is realized in the brain)

The model highlights the roles of reflection (levels of consciousness) and rule use in the regulation of emotion, and makes initial steps toward explaining how these processes contribute to the subjective experience of complex emotions
Glossary

Research on EF: understanding the conscious control of thought and action

Emotion

· Instead of dichotomic distinction between cognition and emotion, that reason is good and passion is evil, authors suggests that emotion corresponds to an aspect of cognition; its motivational aspect 
· Emotion refers to an aspect of human information processing that manifests itself in multiple dimensions; subjective experience, observable behavior, and physiological activity

Emotional Regulation
· Modulation of motivated cognition and its many manifestations
· The most obvious way that ER can occur is the deliberate self-regulation of emotion via conscious cognitive processing 

Executive Function
· “higher cognitive processes” including (but not limited to) planning, working memory, set shifting, error detection and correction, and the inhibitory control of prepotent responses

Characterization of EF according to Marr’s three levels of analysis

I. Computational level; what EF accomplishes
· EF as a complex hierarchical function

· The function of EF is to be deliberate, goal-directed problem solving

· Functionally distinct phases of problem solving can then be flexibly and dynamically organized around this function
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Figure 1. A problem solving framework for understanding temporally and functionally distinct phases of executive function, considered as a functional construct; this illustrates how different aspects of EF contribute to the eventual outcome and how EF unfolds as an iterative, essentially cybernetic process
Dashed line indicate optional recursive feedback loops
· For example, Wisconsin Card Sorting Test (WCST)
II. Algorithmic level; the way information is represented and how it is processed

EF is accomplished by the ability to formulate, maintain in working memory and then act on the basis of the rule systems at different levels of complexity; from a single rule relating S-R, to a pair of rules, to a hierarchical system of rules that allows one to select among incompatible pairs of rules
· Rules link antecedent conditions to consequences; “if I see a mailbox, then I need to mail this letter”
· When people reflect on the rules they represent, they can consider them in contradistinction to other rules and embed them under higher order rules; “if it’s before 5 p.m., then if I see a mailbox with a late pick-up, then I need to mail this letter, otherwise, I’ll have to find a mailbox with an early morning pick-up”
( More complex rule systems permit the more flexible selection of certain rules for acting when multiple conflicting rules are possible
Increased in rule complexity are made possible by corresponding increases in the extent that on reflects on one’s representations
· Reflection involves making the rules themselves an object of consideration and considering them in contradistinction to other rules at that same level of complexity

· Reflection involves the recursive reprocessing of information; each degree of recursion results in a new “level of consciousness,” and each level of consciousness allows for the integration of more information into an experience before it is replaced by new intero- or exteroceptor stimulation. Moreover, each level of consciousness allows for the formulation and use of more complex rule systems

	Lower level of consciousness
	Higher level of consciousness

	· Automatic action

· Performed in response to the most salient, low resolution aspects of a situation

· Base on the formulation of a relatively simple rule system
	· Deliberate action

· Performed in response to a more carefully considered construal of the same situation 

· Based on the formulation of a more complex and more flexible system of rules or inferences


· The tree diagram in Figure 2 illustrates the way in which hierarchies of rules can be formed through reflection—the way in which one rule can first becom an object of explicit consideration at a higher level of consciousness, and then be embedded under another higher order rule and controlled by it
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· Higher order rule (F) makes reference to setting conditions or contexts (c1 and c2) that condition the selection of lower order rules and that would be taken for granted in the absence of reflection. 
· Higher-order rules of this type (F) are required in order to use bivalent rules in which the same stimulus is linked to different responses (e.g., rules A and C)
· Simpler rules like E suffice to select between univalent stimulus-response associations—rules in which each stimulus is associated with a different response.

III. Implementational level; how the information processing is realized in the brain

· EF depends importantly on the integrity of neural systems involving PFC  

· Different regions of PFC are involved in representing rules at different levels of complexity
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· Single rule responding when stimulus reward associations need to be reversed: Orbitofrontal cortex [OFC; Broadmann’s area (BA) 11]

· Sets of conditional rules: ventrolateral prefrontal cortex [VL-PFC; BA 44, 45, 47] and dorsolateral prefrontal cortex [DL-PFC; BA 9,46] 

· Explicit consideration of task sets: frontopolar cortex or rostrolateral prefrontal cortex [RL-PFC; BA 10] 

This conceptualization of EF implicates a dynamic interaction between bottom-up and top-down processes. Information must first be processed at lower levels of consciousness and yet, information about a stimulus is reprocessed iteratively under the guiding of higher levels of consciousness. 

Hot vs. Cool EF
	Hot EF

reward representation
	Cool EF

higher order processing of abstract info.

	· Motivationally significant aspects of EF

· Ventral PFC

· Prominent when people really care about the problems

· Frontostriatal circuit; OFC – amygdala (limbic system); suited for integration of affective and nonaffective information; for regulation of appetitive/motivated responses

· OFC damage → fail to switch the responses in the WCST; resistance to response extinction tasks, continuing to respond to the non-reinforcement stimulus; impaired at the self-regulation of social behaviour

· Right hemisphere
	· Motivationally independent

· Lateral PFC

· Likely to be elicited by abstract, decontextualized problems (e.g., sorting by color, number, or shape in the WCST)
· DL-PFC is connected to various brain areas that involves integration of sensory and mnemonic information and regulation of intellectual function and action (thalamus, basal ganglia, hippocampus, etc)
· Left hemisphere


However, Hot and Cool EFs are not mutually exclusive. A successful approach to solving hot problems is to reconceptualize the problem in relatively neutral, decontextualized terms, and try to solve it using cool EF—reflecting on the situation, creating more compex rule systems, and recruiting more lateral regions of PFC

A New Model of ER

I. Computational level
Having ER as a primary or secondary goal may involve emotional upregulation (increasing the intensity of a specific emotion); emotional downregulation (decreasing the intensity of a specific emotion); maintaining an emotion, or a qualitative change in one’s emotional reactions

To downregulate anger,

First, represent the problem, assessing

(a) One’s current state—a high level of anger,

(b) One’s goal state—a reduction in anger and, correlatively, an increase in detachment, and

(c) Options for reducing the discrepancy between (a) and (b)
Second, select a promising plan from among these options, considering the relative efficacy of the options as well as the effort involved

Third, execute the plan
Fourth, evaluate 
II. Algorithmic level

At this level, ER involves reflection and the formulation and use of rules at various levels or complexity. It involves the elaboration (via the reprocessing of information through levels of consciousness) of an increasingly complex rule system, or system inferences. This entails a reappraisal of the emotion-relevant situation. That is, it entails contextualization of the situation; one’s representation of the situation is reprocessed and integrated with other information about contexts in which the situation may be understood. In consequence, there will be an increase in psychological distance from the situation (cooler EF), and one can follow higher order rules for selecting certain aspects of the situation to which to attend (e.g., to increase the intensity of one’s emotional reaction, attend to more provocative aspects; to decrease, attend to less provocative aspects)
II. Implementational level
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Key Implications of the New Model

· Information about a motivationally significant stimulus is reprocessed iteratively using the same network that was used for the original processing; the information is reprocessed multiple times until the discrepancy between the goal state and the current state is reduced below some threshold, then ER will cease

· The order of acquisition of rule types corresponds to the order in which corresponding regions of PFC mature; the new model provides a framework for the research on the development of ER







