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Abstract 

 

Emotion is conscious experience.  It is the affective aspect of 

consciousness.  Emotion arises from sensory stimulation and is 

typically accompanied by physiological and behavioral changes in 

the body.  Hence an emotion is a complex reaction pattern 

consisting of three components: a physiological component, a 

behavioral component, and an experiential (conscious) component.  

The reactions making up an emotion determine what the emotion 

will be recognized as.  Three processes are involved in 

generating an emotion: (1) identification of the emotional 

significance of a sensory stimulus, (2) production of an 

affective state (emotion), and (3) regulation of the affective 

state.  Two opposing systems in the brain (the reward and 

punishment systems) establish an affective value or valence 

(stimulus-reinforcement association) for sensory stimulation.  

This is process (1), the first step in the generation of an 

emotion.  Development of stimulus-reinforcement associations 

(affective valence) serves as the basis for emotion expression 

(process 2), conditioned emotion learning acquisition and 

expression, memory consolidation, reinforcement-expectations, 

decision-making, coping responses, and social behavior.  The 

amygdala is critical for the representation of stimulus-

reinforcement associations (both reward and punishment-based) 

for these functions.  Three distinct and separate architectural 

and functional areas of the prefrontal cortex (dorsolateral 

prefrontal cortex, orbitofrontal cortex, anterior cingulate 

cortex) are involved in the regulation of emotion (process 3).  

The regulation of emotion by the prefrontal cortex consists of a 

positive feedback interaction between the prefrontal cortex and 

the inferior parietal cortex resulting in the nonlinear 

emergence of emotion.  This positive feedback and nonlinear 

emergence represents a type of working memory (focal attention) 

by which perception is reorganized and rerepresented, becoming 

explicit, functional, and conscious.  The explicit emotion 

states arising may be involved in the production of voluntary 

new or novel intentional (adaptive) behavior, especially social 

behavior.                  

 



Key Words: amygdala, prefrontal, conscious, experience, 

feedback, nonlinear, explicit   

 

INTRODUCTION 

 

Emotions are self-generated internal explicit states, arise 

rapidly in recurrent systems, take time to form, have a 

prolonged duration, are seamless, structurally-complex, 

ineffable, transparent, bounded, unified and coherent, 

informative, serial, limited in capacity, subject to 

interference, new or novel, variable, flexible, project 

outwards, can gain access to other systems, and arise from 

attention.  All these properties of emotion have also been 

ascribed to conscious experience (Baars,1988;Koch,1998;Tononi & 

Edelman,1998).  Because emotion has all the same properties as 

conscious experience, emotion must be conscious experience 

(Liebnetz’s Law).  An emotion is defined as a conscious mental 

reaction subjectively experienced as strong feeling which is 

usually directed towards a specific object and is typically 

accompanied by physiological and behavioral changes in the body; 

emotion is the affective aspect of consciousness (Merriam-

Webster).  In other words, an emotion is defined as a conscious 

experience.  Emotion therefore is conscious per se.  Conscious 

experiences (including emotions) make up the content of 

consciousness (what is in consciousness).  The conscious 

experience aspect of emotion, apart from the bodily changes, is 

known as “affect” (Merriam-Webster) and an emotion may be 

referred to as an “affective state”.   

 

An emotion therefore has three components of variable intensity 

and prominence: a physiological component (various physiological 

reactions), a behavioral component (various behavioral 

reactions), and an experiential (subjective, feeling, conscious) 

component (LeDoux,1990).  Particular combinations of these 

reactions are recognized as particular kinds of emotion.  Fear, 

for example, may consist of increased sympathetic autonomic 

discharge, the release of stress hormones (adrenaline, 

cortisol), breakdown of energy reserves, increase in heart rate 

and respiratory rate, sweating, flight, cowering, freezing, 

fearful facial expression, fearful vocal expression, and 

subjective conscious experience of fear.  Other combinations of 

reactions may also be recognized as fear.  Happiness may consist 

of increased parasympathetic autonomic response, release of 

energy storage and conservation hormones (insulin, androgens, 

estrogens, oxytocin, growth hormone), storage of energy 

reserves, slowing of heart rate and respiration, receptive open 

approach behavior, smiling, happy facial expression, happy vocal 



expression, and subjective conscious experience of happiness.  

Similarly, other emotions are recognized as particular 

combinations of physiological, behavioral, and experiential 

reactions.  The reactions making up an emotion can vary in kind, 

number, intensity, and prominence.  Different emotions may share 

some of the same reactions.  Thus we have many varieties and 

degrees of fear, joy, anger, happiness, or other emotion.     

 

Emotions arise from sensory stimulation.  It is often difficult 

to connect emotions to the sensory stimulation from which they 

arise, as emotions are not inherent in or in any way part of the 

sensory stimulation itself (this is true of all conscious 

experiences).  Emotions are composed entirely by the person 

(they are subjective).  We may consciously experience sensory 

stimulation without emotion.  For example, we may consciously 

experience a rock or a pool of water without emotion.  However, 

anger or fear may become part of the conscious experience of the 

same rock (if it just hit us) or the same pool of water (if we 

had almost drowned in it).  We may also experience different 

emotions (fear, anger, love, hate, sympathy, etc.) to the same 

sensory stimulation (a specific person) at different times.  An 

affective aspect is added to conscious experience to produce 

emotion.               

 

THE AFFECTIVE ASPECT OF CONSCIOUSNESS 

   

It has been demonstrated by a number of investigators that there 

are two opposing systems in the brain for the development of an 

affective value or valence for sensory input (Gray,1991;Heath in 

1952,see MacLean,1969;Kissin,1986;LeDoux,1990;Murray et al,2009; 

Olds & Milner,1954;Paton et al,2005).  This affective valence 

has physiological, behavioral, and experiential components 

(LeDoux,1990).  LeDoux (1990) and Kissin (1986) found that 

affective valence for sensory stimulation is developed by fixed 

and plastic neural mechanisms that can facilitate or inhibit 

further stimulus processing at the brainstem, thalamic, and 

cortical levels.  The two systems are called the reward 

(pleasure, approach) and punishment (pain, avoidance) systems.  

Every emotion has an affective valence (it may be regarded as a 

positive or negative emotion) and appears to arise from 

affective valence.   

 

REWARD SYSTEM 

 

Activation of the reward system has rewarding pleasurable 

facilitating approach effects.  The reward system of the brain 

follows the course of the medial forebrain bundle (Kissin,1986).  



It has been demonstrated through electrical stimulation of the 

olfactory bulbs, hippocampus, amygdala, cingulate cortex, 

substantia nigra, tegmentum, locus coeruleus, raphe nuclei, 

nucleus basalis of Meynert, caudate, putamen, lateral 

hypothalamus (had the greatest effect), thalamus, reticular 

formation, medial forebrain bundle, and orbitofrontal cortex 

(Best,2010;Kringelbach & Rolls,2004;Olds & Forbes,1981;Rang, 

2003;Volz et al,2008;Waraczynski & Stellar,1978).  The reward 

system is activated by rewarding conditioned and unconditioned 

stimuli, positive reinforcers, brief stimuli, low-intensity 

stimuli, and the cessation or absence of punishing stimuli or 

negative reinforcers (Gray,1991;Joseph,1990,2000;Kissin,1986).  

Base nuclei (ventral tegmentum, substantia nigra, nucleus 

basalis, locus coeruleus, raphe) which control four major 

neurotransmitter systems of the brain (dopamine, acetylcholine, 

noradrenaline, serotonin) are part of the reward system and 

mediate the effects of the system (Best,2010;Rang,2003).  

Activation of the reward system has arousal, alerting, 

facilitating, rewarding effects, which are also the effects 

obtained through activation of the above four neurotransmitter 

systems (Bakin & Weinberger,1996;Best,2010;Davis et al,1991; 

Frank et al,2004;Kapp et al,1990;LeDoux,1990;Rang,2003; 

Weinberger et al,1990).  There is evidence that variations in 

affective valence have a differential effect on mesocortical, 

mesolimbic, and nigrostriatal dopaminergic projections 

(Bertolucci-D’Angio et al,1990;Deutch & Roth,1990).  Deutch and 

Roth (1990) found that this depended on neuropeptide release.  

Gray (1991) and Maier (1991) found that acetylcholine, 

noradrenaline, serotonin, and opioid systems may also be 

influenced by affective valence.  The phasic burst firing of 

ventral tegmental dopamine neurons and the accompanying rise in 

dopamine release normally occurs in response to primary rewards 

and reward-predicting stimuli (Schultz,1997).  Diminished 

stimulation of mesolimbic dopamine release may result in the 

absence of behavioral incentive, apathy, and anhedonia (Drevets 

et al,1998).  Excessive stimulation of mesolimbic dopamine 

release may result in exaggerated hedonia response and elevated 

motivational drive (Drevets et al,1998).  Dopamine appears to 

modulate the reward value of stimuli.  The reward system is 

closely associated with the reticular activating system.  The 

reticular activating system essentially originates in the upper 

brainstem reticular core and projects through the intralaminar 

thalamic nuclei to the cerebral cortex to mediate arousal, 

attention, and consciousness, ie. the waking state (Evans,2003; 

Hannaman,2005;Kinomura et al,1996;Reiner,1995;Steriade,1995, 

1996;Young,2009).  Bilateral damage to the intralaminar thalamic 

nuclei produces lethargy or somnolence (Steriade,1996).  Damage 



to the reticular activating system results in coma (Daltrozzo et 

al,2009,2010;Liversedge & Hirsch,2010;Young,2009).  Partial 

destruction or inhibition of the reticular activating system 

results in a partial loss of consciousness known as acute 

confusion state or delirium (Rull,2011).  The reticular 

activating system and the cerebral cortex are necessary to 

maintain consciousness (Hannaman,2005;Young,2009).  The 

noradrenergic locus coeruleus, the mesencephalic reticular 

formation, the cholinergic nucleus basalis of Meynert, the 

dorsal hypothalamus, the intralaminar thalamic nuclei, and the 

tegmentum make up the reticular activating system (Afifi & 

Bergman,1986;Best,2010;Hannaman,2005;Kinomura et al,1996;Rang, 

2003;Steriade et al,1990;Thierry et al,1990;Vertes,1990).  The 

function of the reticular activating system is modulated by the 

adrenergic and cholinergic components (Burlet et al,2002;Evans, 

2003;Garcia-Rill,1997;Garcia-Rill et al,2007;Reiner,1995).  

Hence much of the reticular activating system is also part of 

the reward system and the two systems are activated together.  

Following damage to the lateral hypothalamus (the reward 

system), pleasurable sensation and emotional responsiveness were 

reduced (Olds & Forbes,1981) and faces became blank and without 

expression (Joseph,1990).  Unilateral lesions may produce 

neglect and indifference (loss of consciousness and emotion) to 

all contralateral sensory stimuli (Marshall & Teitelbaum,1974).  

Activation of the reward system has anabolic and restorative 

physiological effects, acts to facilitate further stimulus 

processing, stimulates attention and consciousness, generates 

positive emotion, produces approach behavior, and the individual 

works to prolong or maintain the rewarding stimulation (Gray, 

1991;Joseph,1990,2000;Kissin,1986).  Hence the reward system 

acts to produce the three components of positive affective 

valence and emotion.   

 

PUNISHMENT SYSTEM 

 

Activation of the punishment system has punishing inhibiting 

avoidance negative effects.  The punishment, avoidance, or pain 

system consists of the entorhinal cortex-hippocampus-subiculum-

septal nucleus circuit, cingulate cortex, amygdala, medial 

hypothalamus, parasympathetic nervous system, reticular 

formation, periaqueductal gray (involved in pain transmission), 

thalamus, basal ganglia, parietal cortex, and frontal lobe 

(Afifi & Bergman,1986;Ganong,1988;Gray,1991;Joseph,1990,2000; 

Kissin,1986;Kringelbach & Rolls,2004;Volz et al,2008).  The 

punishment system is activated by punishing conditioned or 

unconditioned stimuli, negative reinforcers, long-duration 

stimuli, high-intensity stimuli, painful stimuli, and the 



cessation or absence of rewarding stimuli and positive 

reinforcers (Gray,1991;Joseph,1990,2000;Kissin,1986).  The 

punishment system consists of a number of limbic structures 

involved in memory and negative emotion (septal nuclei, 

amygdala, medial hypothalamus, frontal cortex).  Activation of 

the punishment system also activates the reticular activating 

system (via the amygdala, hypothalamus, thalamus, reticular 

formation, septal nuclei).  The punishment system has catabolic 

physiological effects, a negative inhibiting effect on 

processing, stimulates attention and consciousness, produces 

avoidance or aggressive behavior, and generates negative 

emotion.  The individual works to attenuate further stimulus 

processing and response and may enter a state of quiescence and 

behavioral inhibition or aggression and attack (Gray,1991; 

Joseph,1990,2000;Kissin,1986).  The punishment system acts to 

produce the three components of negative affective valence and 

emotion.   

 

AFFECTIVE VALENCE (STIMULUS-REINFORCEMENT ASSOCIATION) 

 

The two affective valence systems appear to work in opposition.  

The development of affective valence begins early in sensory 

processing, long before a sensory stimulus is recognized 

cognitively and consciously in the cerebral cortex (Kissin, 

1986;Joseph,1990,2000).  The effects of affective valence are 

relatively primitive and reflexive at subcortical levels but may 

be refined into higher-order emotional reactions at higher 

limbic and neocortical levels (Kissin,1986;Joseph,1990,2000).  

The affective valence systems act in close association with the 

reticular activating system for the regulation of attention and 

consciousness.  This may be important in the formation of 

emotion.  The reticular activating system is also active during 

other states of consciousness (inattentive states, meditation, 

and hypnosis) enabling the production of emotion during these 

states as well (Svorad,1957).  The affective valence systems 

appear to be instrumental in the development of emotion.  

Affective valence might be considered a determination of the 

emotional significance of a sensory stimulus and the first step 

in the generation of an emotion.     

 

AMYGDALOID NUCLEI 

 

The amygdaloid nuclei are small almond-shaped structures found 

in the deep medial-temporal region of the brain, just in front 

of the hippocampus.  The basolateral amygdaloid nuclei receive 

input from sensory pathways (Perryman et al,1987;Schutze et al, 

1987;Turner et al,1980;Van Hoesen,1981), reticular formation, 



specific and non-specific thalamic nuclei, olfactory pathways, 

anterior cingulate cortex, medial and lateral hypothalamus, and 

orbitofrontal cortex (Afifi & Bergman,1986;Blair,2008;John, 

2009).  The central amygdaloid nuclei project to a large number 

of structures in the brain that are involved in the behavioral, 

humoral, autonomic (physiological), and experiential signs of 

emotional reactions: the central grey for the arrest of ongoing 

behavior (freezing) or for the production of fight/flight 

behavior, the dorsal motor nucleus of the vagus nerve for 

changes in heart rate, the hypothalamus for changes in blood 

pressure and other autonomic changes, the parabrachial nuclei 

for changes in respiration (panting, respiratory distress during 

panic), the nucleus reticularis pontis caudalis for an increase 

in reflex excitability (startle response) and for the production 

of orientation and attention, the trigeminal motor nuclei for 

jaw movements, the facial motor nuclei for facial expressions, 

and the ventral tegmental area for an increase in dopaminergic, 

cholinergic, and noradrenergic actions in the cerebral cortex 

for increased vigilance, alerting, cortical processing, and 

learning (Davis et al,1991;Kapp et al,1990;LeDoux,1990; 

Weinberger et al,1990).  The amygdala is critical for the 

representation of stimulus-reinforcement (affective valence) 

associations (both reward and punishment-based) and the 

processing of emotional expressions (Blair,2008).  Distinct 

neurons in the amygdalae respond to positive and negative 

stimuli, but these neurons are not segregated to specific nuclei 

(Paton et al,2005).  The basolateral nucleus does more than 

simply control the central nucleus.  It enables the transmission 

of stimulus-reinforcement (affective valence) association 

information forward to the ventromedial prefrontal cortex (areas 

10 and 11 of the orbitofrontal cortex, ventral anterior 

cingulate cortex) for emotion regulation, reinforcement-

expectancies for decision-making, and social behavior (Blair, 

2008;Budhani et al,2007;Etkin et al,2006;Pezawas et al,2005; 

Phillips et al,2003a,2003b;Rauch et al,2006;Rushworth et al, 

2007;Schoenbaum et Roesch,2005;Volz et al,2008).  Blair (2008) 

found that these critical functions are impaired in psychopathy 

(marked by emotional dysfunction, antisocial behavior, and poor 

decision-making) and result in its development.   

 

The amygdala plays a primary role in emotion and memory (Amunts 

et al,2005;Blair,2008).  People shown threatening faces, 

confronted with frightening situations, or with severe social 

phobia showed increased activation of the amygdala (Nathan et 

al,2006).  Depressed patients showed left amygdala hyperactivity 

when interpreting emotions for all faces, especially fearful 

faces, and this hyperactivity was normalized when the patients 



went on antidepressants (Sheline et al,2001).  Bipolar patients 

have considerably smaller amygdala and hippocampal volumes 

(Blumberg et al,2003).  Normal subjects exposed to frightening 

faces or faces of people from another race showed increased 

activation of the amygdala, even if the exposure was subliminal 

(Williams et al,2006).  However, the amygdala is not necessary 

for the processing of fear-related stimuli, since people which 

have bilateral amygdala damage show a rapid reaction to fearful 

faces, even in the absence of a functional amygdala (Tsuchiya et 

al,2009).  As early as 1888, Brown and Shafer showed that 

temporal cortex lesions (including the amygdala) in monkeys 

produced severe deficits in emotion and social behavior.  Kluver 

and Bucy (1939) showed that large anterior temporal lobe lesions 

caused overreaction to all objects, hypoemotionality, 

hypersexuality, hyperorality, and loss of fear (Kluver-Bucy 

Syndrome).  Terzian and Ore (1955) found that amygdala lesions 

reduce or abolish aggressive or violent behavior while Bunnel 

(1966) found such lesions produce social-emotional agnosia.  In 

1981, Appleton and Passingham found that lesions of the whole 

amygdala caused Kluver-Bucy Syndrome.  Emotionally-reflected 

speech, the ability to sing, and the ability to carry melody may 

be affected with right-sided amygdala lesions (Joseph,1988a, 

1990).  Stimulation of the amygdala may produce sustained 

orientation and attention, fear and/or anger, rage reactions 

(Egger & Flynn,1963;Gunne & Lewander,1966;Ursin & Kaada,1960; 

Zybrozyna,1963), intense changes in facial expressions, 

grimacing, baring the teeth, pupil dilation, licking, chewing, 

smacking of the lips, tearing (Anand & Dua,1955;Ursin & Kaada, 

1960), and emotional sounds (Robinson,1967;Ursin & Kaada,1960).  

Stimulation of the amygdala increases sexual activity and 

aggression, while harm to the amygdala causes the opposite 

effects (Brink,2008).  The medial-temporal region of the brain 

is prone to develop seizure activity (temporal lobe epilepsy-

Joseph,1990).  Emotional reactions may be distorted or 

inappropriate in temporal lobe epilepsy (Gloor,1960;Joseph, 

1990;Kluver & Bucy,1939).   

 

Much of the wiring system of the amygdala appears to be innate, 

but it is subject to plastic change and learning (Davis et al, 

1991).  The amygdala represents the positive or negative value 

(valence) of sensory stimuli during learning (Blair,2008;Paton 

et al,2005).  The amygdala has been implicated in the 

acquisition and expression of classical (Pavlovian) fear 

conditioning (a form of conditioning of emotional responses) and 

long-term potentiation appears to be involved (Amunts et al, 

2005;Blair et al,2001;Helmuth,2003;Marin,1999;Pare et al,2002; 

Paton et al,2005;Sapolsky,2003).  Damage to the amygdala was 



shown to impair the acquisition and expression of Pavlovian fear 

conditioning (Amunts et al,2005).  The amygdala is also involved 

in appetitive (positive) conditioning (Blair,2008;Paton et al, 

2005).   

 

The amygdala plays a primary role in the formation and storage 

of memories associated with emotional events and it appears to 

be the role of the amygdala to regulate memory consolidation in 

other brain regions (Marin,1999).  The amygdala has many 

connections with the hippocampus (more going to the hippocampus 

than received from it-Ben Best,The amygdala and the emotions, 

Anatomical Basis Of Mind,Ch.9,see website) and emotions can 

facilitate the encoding of memories (Gasbarri & Tomaz,2012).  

Increased amygdala activation immediately after an event (such 

as emotional arousal) increases the strength and retention of 

the memory of that event (Asari et al,2010;Hutcherson et al, 

2008;Nathan et al,2006;Pare et al,2002).  The more emotionally-

arousing the event, the greater is the activation of the 

amygdala (especially the basolateral nuclei) and the greater the 

strength and retention of the memory of the event.   

 

The amygdala plays a substantial role in mental states and is 

related to a number of psychological disorders.  Lesions of the 

medial temporal lobe usually produce in their early stages 

severe emotional symptoms, fear, aggression, anxiety, 

irritability, inappropriate sexual activity, over-attention to 

external stimuli, distractibility, periods of apathy or 

restlessness, paranoid symptoms, and hallucinations (Bogarts, 

1997).  The amygdala plays an important role in modulating 

vigilance, social relations, and generating negative emotional 

states and is abnormally reactive in mood and emotional 

disorders (Donegan et al,2003).  Donegan and coworkers (2003) 

found that amygdala hyperreactivity contributes to 

hypervigilance, emotion dysregulation, and disturbed 

interpersonal relations in borderline personality disorder.  

Amygdala connections are more widespread from the left amygdala 

in heterosexual women and homosexual men, while amygdala 

connections are more widespread from the right amygdala in 

heterosexual men and homosexual women (Swaab,2007,2008).  The 

amygdalae of males also tend to be larger than those of females 

(Caviness et al,1996;Goldstein et al,2001).  These differences 

might account for some of the differences in emotional 

expression and social behavior of men and women.  Amygdala 

volume correlates positively with both size and complexity of 

social networks (Bickart et al,2010;Szalavitz et al,2010).  

People with larger amygdalae have larger and more complex social 

networks than people with smaller amygdalae.  People with larger 



amygdalae also make more accurate social judgments about other 

people’s faces (Bzdok et al,2011).  Larger amygdalae may allow 

for greater emotional intelligence, enabling better social 

integration and cooperation (Buchanan et al,2009).  There appear 

to be functional differences between the two amygdalae.  

Stimulation of the right amygdala induced negative emotions, 

while stimulation of the left amygdala induced either positive 

or negative emotions (Lanteaume et al,2007).  Other evidence 

indicates the left amygdala is part of the reward system (Murray 

et al,2009).                         

 

PREFRONTAL CORTEX 

 

The prefrontal cortex is the central executive of the brain, 

mediating specific functions carried out by other cortical and 

subcortical structures (Petrides & Pandya,2007;John,2009).  As 

will be seen, the prefrontal cortex is also involved in focal 

attention and the formation of conscious experiences, including 

emotions.  The prefrontal cortex consists of three distinct 

cytoarchitectural and functional areas (John,2009;Petrides & 

Pandya,1999;Preuss & Goldman-Rakic,1991).  The dorsolateral 

prefrontal cortex is the central executive for cognitive 

control, while the orbital prefrontal cortex (orbitofrontal 

cortex) is the central executive for emotion and social control 

(Stuss & Levine,2002).  The medial prefrontal cortex (anterior 

cingulate cortex) mediates drive or motivation (Licter & 

Cummings,2001;Stuss et al,1986).  Each subdivision of the 

prefrontal cortex does not produce its functions exclusively.  

Each is connected to a series of subcortical areas (striatum, 

pallidum, substantia nigra pars reticulata, subthalamic nucleus, 

thalamus) which lead back to the same prefrontal subdivision 

from which it arose to form a functionally-segregrated circuit 

or loop (Alexander et al,1986;Dolan et al,1999).  These 

prefrontal-subcortical circuits have open connections with other 

cortical and subcortical areas, of which those with the 

temporal-limbic cortex (left hippocampus, parahippocampal gyrus, 

amygdala, pallidal internal segment, superior temporal gyrus) 

appear to be the most important (Bogarts,1997;Petrides & Pandya, 

2007).  Specific neurobehavioral syndromes have been linked to 

preferential involvement of each of these circuits (Duffy & 

Campbell,2001).  These are the dysexecutive syndrome, the 

disinhibition or pseudopsychopathic syndrome, and the apathetic 

or pseudodepressive syndrome, linked to preferential involvement 

of the dorsolateral, orbitofrontal, or anterior cingulate 

circuits respectively (Duffy & Campbell,2001;Licter & Cummings, 

2001).  These syndromes, along with the behavioral disorders 

associated with dysfunction of brain areas connected through 



open connections, bear striking resemblance to the symptom 

dimensions and neurocognitive dysfunctions seen in the group of 

conditions collectively known as schizophrenia (John,2009).         

 

DORSOLATERAL PREFRONTAL CORTEX (DLPFC) 

 

The DLPFC consists of areas 6 and 8, the lateral part of areas 

9-12, and areas 44-47 (Joseph,1990;Philip & Miller,2002).  The 

DLPFC is connected to the orbitofrontal cortex, anterior 

cingulate cortex, thalamus, basal ganglia, hippocampus, and 

temporal, parietal, and occipital cortex (Alexander et al,1990; 

Cavada,1984;Fuster,1989;Goldman-Rakic,1990;Groenewegen et al, 

1990;Kolb,1990;Pandya & Yeterian,1990;Philip & Miller,2002; 

Uylings & Van Eden,1990).  The DLPFC is involved in the 

integration of sensory and memory information, the regulation of 

intellectual function, and is the highest cortex for motor 

planning, organization, and regulation (Fuster,1997,2000,2008; 

Goldman-Rakic,1990;Hale & Fiorello,2004;Philip & Miller,2002).  

As will be seen, the DLPFC participates in focal attention and 

the formation of conscious experiences, including emotions.   

 

The DLPFC has been shown to consist of a number of different 

regions, each region having different inputs and projecting to 

different target areas (Groenewegen et al,1990;Kolb,1990;Pandya 

& Yeterian,1990).  Each region appears to be quite important in 

the mediation of a specific type of voluntary intentional action 

(action produced by choice for some purpose-Sieb,1995,2004,2007, 

2011).  For example, a region in area 9 receives input from the 

trunk and limb representations of somatosensory cortex and from 

association cortex involved in peripheral vision and projects to 

the supplementary motor cortex, premotor cortex, rostral motor 

cortex, basal ganglia, and cerebellum (Brooks,1986;Pandya & 

Yeterian,1990;Sieb,1987,1987,1989,1995).  The target areas of 

this region are involved in the preparation and execution of 

voluntary intentional skeletomotor movements (Brooks,1986;Sieb, 

1987,1987,1989,1995).  The supplementary motor cortex is 

involved in the preparation of voluntary intentional 

skeletomotor movements and the programming of voluntary 

intentional motor sequences (Brooks,1986;Hyland et al,1989;Mann 

et al,1988;Orgogozo & Larsen,1979;Roland et al,1980;Tanji et al, 

1988;Wiesendanger et al,1985).  The supplementary motor cortex 

has been shown to be activated by movement intent, even if no 

movement occurs (Brooks,1986;Roland et al,1980).  The 

supplementary motor cortex drives the execution of voluntary 

intentional skeletomotor movements via projection to the 

premotor cortex, rostral motor cortex, basal ganglia, and 

cerebellum (Afifi & Bergman,1986;Brooks,1986;Porter & Lemon, 



1993;Primrose & Strick,1985;Sieb,1987,1987,1989,1995).  

Similarly, other regions in the DLPFC have been identified 

(Joseph,1990;Pandya & Yeterian,1990;Sieb,1995) which appear to 

be involved in the production of other types of voluntary 

intentional actions (area 44 or Broca’s area-speech; part of 

areas 8 and 9 of the frontal eye fields-scanning eye movements; 

the border region of areas 6, 8, and 46-Exner’s writing area; 

area 10-memory, thought; areas 10 and 11-emotion, social 

behavior).  The output of DLPFC regions therefore appears to be 

directed to cortical and subcortical areas involved in the 

preparation and execution of various types of voluntary 

intentional actions (skeletomotor movements, oculomotor 

movements, speech, writing, reading, emotion, social behavior, 

memory, and thought).  Voluntary intentional actions are 

prepared and directed by focal attention (working memory) and 

consciousness (Fuster,1997,2008;Sieb,2004,2007,2011).  The DLPFC 

utilizes working memory in the mediation of its motor functions 

(Fuster,1997,2008;Goldman-Rakic,1990).  In the absence of 

attention and consciousness, no such actions occur (sleep, coma, 

or anesthesia).  The DLPFC therefore appears to be driven by 

attention and consciousness to produce various voluntary 

intentional actions.  Attention and consciousness also appear to 

be utilized by the DLPFC to mediate intellectual (cognitive) 

functions (executive memory, language comprehension and 

production, grammar, abstract thinking, planning, problem-

solving, decision-making, logic, reasoning, calculating).     

 

Damage to the DLPFC produces the dysexecutive syndrome (Duffy & 

Campbell,2001;John,2009;Licter & Cummings,2001).  This syndrome 

is characterized by problems with attention, affect, social 

judgment, executive memory, abstract thinking, intentionality, 

and motivation: difficulty altering set in response to changing 

contingencies, impaired strategy generation for solving complex 

problems, memory retrieval deficit, impaired verbal fluency, 

poor abstraction, concrete and perseverative thinking, impaired 

reasoning and mental flexibility, and reduced mental control.  

Such patients are inattentive and easily distractible, may need 

constant redirection, and may exhibit disorganized behavior.   

  

ORBITOFRONTAL CORTEX (OFC) 

 

The OFC consists of the prefrontal cortex immediately 

surrounding the orbit of the eye.  The OFC consists of areas 10, 

11, and 47 (Kringelbach,2005).  The OFC is primary for the 

production of emotion, social behavior, and reinforcement- 

expectancies for decision-making (Blair,2008;Rushworth et al, 

2007;Schoenbaum & Roesch,2005;Volz et al,2008).  The OFC is 



considered the central executive for emotion and social control 

(John,2009;Stuss & Levine,2002).  Stimulus-reinforcement 

association (affective valence) input from the amygdala is 

essential for these functions of the OFC (Blair,2008;Lanteaume 

et al,2007;Murray et al,2009;Rushworth et al,2007;Schoenbaum & 

Roesch,2005).  The OFC is interconnected with the higher 

cortical sensory association areas (areas 5,7,18,19,20,21,22), 

DLPFC, anterior cingulate cortex, superior temporal cortex, 

inferior parietal cortex, parahippocampal gyrus, hippocampus, 

thalamus, parts of the basal ganglia, hypothalamus, and amygdala 

(Alexander et al,1986;Blair,2008;Dolan et al,1999;Fuster,1997; 

John,2009;Johnson et al,1968;Jones & Powell,1970;Joseph,1989, 

1990,2000;Pandya & Kuypers,1969;Rauch et al,2006;Rushworth et 

al,2007;Van Hoesen et al,1972).  The OFC has been found to 

utilize affective valence to influence emotional reactions 

(Kringelbach & Rolls,2004;Phillips et al,2003a,b;Sauerland et 

al,1967;Siegel & Wang,1974;Steriade,1964;Volz et al,2008).  

Kringelbach and Rolls (2004) found that activity in the medial 

OFC was associated with the monitoring, learning, and memory of 

the reward value of reinforcers, while activity in the lateral 

OFC was associated with the evaluation of punishers.  They found 

that more complex reinforcers (like monetary gain or loss) are 

represented more anterior in the OFC than less complex 

reinforcers (taste).  Volz and coworkers (2008) also found the 

OFC involved in evaluation of reinforcement (affective valence) 

and in emotion.  Volz found that the OFC continuously extracts 

affect-laden recognition patterns or cues (stimulus-

reinforcement associations, affective valence) from sensory 

input, associates these with prior experiences with general 

categories (perception), and is responsible for a subjective 

sense of perceptual coherence of environmental information (the 

formation of emotion).  Kringelbach (2005) found that the OFC 

mediates subjective hedonic experience (a conscious experience 

of a positive emotion) from reward (a positive affective 

valence).  Hence the OFC appears to mediate the production of 

emotion from affective valence.  The OFC is connected with the 

inferior parietal cortex.  As will be seen, the OFC participates 

in focal attention and the formation of emotion from perception 

via its interaction with the inferior parietal cortex.  The 

ability to shift attention (Butter et al,1970;Joseph,1990,2000; 

Kolb et al,1974;Luria,1980) and the ability to discriminate 

between relevant and irrelevant stimuli (Bechara et al,1994; 

Fuster,1990b,1997;Oscar-Berman,1975;Rolls et al,1994) are 

reduced with OFC damage.  Complete destruction of the OFC may 

produce the complete loss of emotion and social behavior (Kling 

& Steklis,1976;Myers et al,1973).  Severe damage greatly reduces 

emotional/motivational function, including motor activity 



(Butter et al,1970).  Less extensive damage produces loss of 

emotional control, leading to such emotional and social 

behavioral dysfunctions as disinhibition, hyperactivity, 

hypersexuality, euphoria, extroversion, lability, verbosity, 

perseveration (Bechara et al,1994;Rolls et al,1994), excessive 

swearing, irresponsibility, antisocial behavior, poor social 

interaction, poor empathizing ability, impulsivity, compulsive 

gambling, drug use (including alcohol and tobacco), 

inappropriate laughter, aggression, or a demanding manner 

(Benson & Geschwind,1971;Blumer & Benson,1975;Butter et al,1970; 

Kolb et al,1974;Lishman,1973;Luria,1980;Stuss & Benson,1984).  

Damage to the OFC may produce what is called the disinhibition 

or pseudopsychopathic syndrome (Duffy & Campbell,2001;Licter & 

Cummings,2001;John,2009).  This syndrome is characterized by 

disinhibition, diminished self-supervision of behavior, 

distractibility, impulsiveness, tactlessness and loss of 

interpersonal sensitivity/empathy, utilization and imitation 

behavior, inappropriate jocularity, sexual preoccupation and 

jesting, hypomanic symptoms, neglect of personal care, poor 

hygiene, decreased social judgment, antisocial acts, and limited 

insight.  Such a syndrome appeared in Phineas Gage, after a 3.5 

foot metal rod was blown vertically through his brain passing 

just behind his left orbit (KSPS TV Production,How Smart Can We 

Get?Nova Science Now,2012).  Right OFC damage seems to cause the 

most severe disruption of mood, emotion, and social behavior 

(Grafman et al,1986). 

       

The OFC projects to the inhibitory medullary reticular formation 

and the excitatory pontine reticular formation (Fuster,1997; 

Sauerland et al,1967;Siegel et al,1977).  The OFC may influence 

physiological and behavioral reactions via this connection.  

Damage to the OFC releases the autonomic nervous system from 

inhibitory control, leading to widespread disturbances of 

autonomic function (Joseph,1990;Kaada,1951,1972).  The OFC is 

connected to the DLPFC.  The OFC was found to be involved in 

planning behavior associated with sensitivity to reward and 

punishment (Bechara et al,1994).  The OFC is interconnected with 

the medial magnocellular dorsomedial thalamic nuclei (Fuster, 

1997;Sauerland et al,1967;Siegel et al,1977).  The dorsomedial 

thalamic nuclei gate input to the neocortex and limbic system 

(Joseph,1990,2000;Skinner & Yingling,1977;Yingling & Skinner, 

1977).  The dorsomedial thalamic nuclei are reciprocally and 

topographically connected with the DLPFC and make up its 

defining projection (Fuster,1997;Joseph,1990,2000;Kolb,1990; 

Uylings & Van Eden,1990).  Hence the OFC could influence DLPFC 

function via this connection as well.   

   



ANTERIOR CINGULATE CORTEX (ACC) 

 

The ACC (area 25) is the frontal part of the cingulate cortex 

and is a distinct cytoarchitectural and functional region of the 

prefrontal cortex (John,2009;Petrides & Pandya,1999;Preuss & 

Goldman-Rakic,1991).  The DLPFC and supplementary motor cortex 

may have evolved from the ACC (Sanides,1972) and these areas are 

massively interconnected (Damasio & Van Hoesen,1980).  

Electrical stimulation of the ACC produces fragments of 

movements (Goldberg,1985) and vocalizations (Robinson,1967).  

The ACC is also connected with the lateral amygdala, septal 

nuclei, hippocampus, anterior hypothalamus, striatum, 

dorsomedial thalamic nuclei, inferior parietal cortex, and OFC 

(Baleydiere & Maguiere,1980;Pandya & Kuypers,1969;Powell,1978; 

Powell et al,1974).  Electrical stimulation of the ACC also 

produces anxiety, fear, and pleasure (Meyer et al,1973).  As 

will be seen, the ACC appears to be involved in focal attention 

and the production of emotion via its connections with the 

inferior parietal cortex.  Regulation of autonomic function, 

detection of errors, monitoring of conflict, expectation of 

reward or loss (reinforcement-expectancies, anticipation of 

outcomes), decision-making, attention, motivation, and 

regulation of emotion are some of the functions that have been 

attributed to the ACC (Bush et al,2000;Decety & Jackson,2004; 

Drevets et al,2008;Jackson et al,2006;John,2009;Lictor & 

Cummings,2001;Nieuwenhuis et al,2001;Posner & Digirolamo,1998; 

Stuss et al,1986;Weissman et al,2005).  The key functions of the 

ACC appear to revolve around the detection of errors or 

shortfalls from some standard, anticipation and preparation for 

action, and regulation of emotion.  Lesions of the ACC result in 

inability to detect errors, severe difficulty resolving conflict 

in Stroop tasks, emotional instability, inattention, and 

akinetic mutism (Bush et al,2000;Posner & Digirolamo,1998).  

Lesions of the ACC may result in the apathetic or 

pseudodepressive syndrome (Duffy & Campbell,2001;John,2009; 

Licter & Cummings,2001).  This syndrome is characterized by 

apathy (a loss of motivation or drive): emotional apathy-absence 

of interest, excitement, and intensity of emotional 

responsiveness to positive or negative events; affective apathy-

flat, unchanging emotional expression; cognitive apathy-

decreased generative thinking, curiosity, engagement with usual 

activities, interest in learning and new experiences, and lack 

of concern with one’s health, family, or future; motor apathy-

lack of effort, productivity, ability to sustain activities, and 

initiation of new activities, increased dependence on others to 

structure activities, difficulty in initiating motor acts, 

hesitation when starting a new movement, and tendency to not 



gesture when speaking.  Akinetic mutism may present with 

bilateral ACC damage.             

 

REGULATION OF EMOTION      

 

The dorsal (perigenual) ACC and the ventral (subgenual) ACC have 

different connections, are part of different circuits, and have 

different functions.  In fact, the ACC has been separated into a 

ventral emotional component and a dorsal cognitive component 

(Bush et al,2000;Bush et al,2002).  Both components may be 

involved in attention and the regulation of emotion. 

 

VENTRAL ACC 

 

Neuroimaging, neuropathological, and lesion analysis data 

indicate an extended neural network formed by the connections of 

the ventral ACC with the OFC, amygdala, hippocampus, superior 

and medial temporal gyri, ventral striatum, mid and posterior 

cingulate cortex, thalamus, hypothalamus, periaqueductal gray, 

and habenula (Ongur et al,2003).  This network has been found to 

be involved in the regulation of the evaluative, expressive, and 

experiential aspects of emotion (Alexander et al,1986;Blair, 

2008;Bruno et al,2004;Dolan et al,1999;Rauch et al,2006).  

Abnormal interactions between the ventral ACC and other areas of 

the network may contribute to disturbances in emotional 

processing and regulation (Ongur et al,1998).  In emotional 

disorders (depression, panic attacks, phobias, bipolar disorder, 

posttraumatic stress disorder) increased activation occurs in 

the ventral ACC and the amygdala (Ressler & Mayberg,2007).  This 

increased activation decreased with resolution of the disorder 

through treatment (medications, behavioral therapy, electroshock 

therapy, magnetic stimulation techniques, or deep stimulation 

techniques).  Impaired function within the network appears to 

give rise to the clinical signs and symptoms of depression or 

mania (Drevets et al,2008).  The ventral ACC was found to 

undergo a substantial reduction in gray matter volume (mostly 

due to reduction in glia cells) in the mood disorders of major 

depression and bipolar (Drevets et al,1997;Drevets et al,2008; 

Ongur et al,1998).  A reduction in gray matter volume was also 

detected in the brain areas connected to the ventral ACC, 

indicating that these areas are interconnected and part of a 

common circuit (Drevets et al,1997;Drevets et al,2008;Ongur et 

al,1998).  This reduction in gray matter volume was accompanied 

by an increase in ventral ACC activity, which was decreased (the 

activity) by administration of antidepressants or by remission 

(Drevets et al,2008).  Lithium (a mood stabilizer) has a 

neurotrophic effect and increased the gray matter volume when 



used in the successful treatment of bipolar disorder (Drevets et 

al,2008).  A reduction in gray matter volume in the ACC was also 

found in obsessive-compulsive disorder (Davidson et al,2003).  

In mood disorders, ventral ACC activity correlates positively 

with the severity of depressive symptoms (Osuch et al,2000).  

Humans with lesions which include the ventral ACC demonstrate 

abnormal autonomic responses to emotional experiences 

(understimulation of parasympathetic tone may occur in mood 

disorders), inability to experience emotion related to concepts 

that normally evoke emotion, and inability to use information 

regarding the likelihood of punishment versus reward 

(reinforcement-expectancies) in guiding social behavior (Bechara 

et al,1994;Damasio,1995;Drevets et al,2008).  Patients with 

lesions to the ACC have diminished autonomic reactivity and 

reduced variations of affect to stressors (such as shocks), 

without affecting the capacity to control cognitive processes 

(Critchley et al,2003).  The ACC appears to be involved in the 

experience of sadness and anxiety (Barrett,2006;Mauss & 

Robinson,2009;Phan et al,2002).  Studies suggest that the 

ventral ACC functions in the automatic regulation of emotion 

(Elliott et al,2000;George et al,1995;Gillath et al,2005;Mayberg 

et al,1999;Phelps et al,2004;Rauch & Drevets,2008).  The ventral 

ACC receives emotional input (affective valence, stimulus-

reinforcement association information) from the amygdala 

(Budhani et al,2007;Pezawas et al,2005).  The ventral ACC may be 

involved in evaluating the salience of rewards, as it modulates 

electrophysiological responses of ventral tegmental area 

dopamine neurons (Drevets et al,1998).  The phasic burst firing 

of these neurons and the accompanying rise in dopamine release 

normally occurs in response to primary rewards and reward-

predicting stimuli (Schultz,1997).  In depression, reduced 

ventral ACC activity is associated with diminished stimulation 

of mesolimbic dopamine release, resulting in the absence of 

behavioral incentive, apathy, and anhedonia (Drevets et al, 

1998).  In mania, increased ventral ACC activity results in 

excessive stimulation of mesolimbic dopamine release, producing 

exaggerated hedonia response and elevated motivational drive 

(Drevets et al,1998).  The ventral ACC is critical for the 

representation of stimulus-reinforcement association (affective 

valence) information that can be used by other structures for 

the regulation of emotion, reinforcement-expectancies for 

decision-making, and behavior (Blair,2008;Rushworth et al,2007; 

Schoenbaum & Roesch,2005).  The precise role played by the 

ventral ACC and the OFC in reinforcement-expectancies for 

decision-making is as yet not understood (Rushworth et al,2007).     

 

DORSAL ACC 



 

The dorsal (perigenual) ACC is connected to the prefrontal 

cortex (DLPFC, OFC, other parts of the ACC), parietal cortex, 

hippocampus, motor system, and frontal eye fields (Allman et al, 

2006;Damasio & Van Hoesen,1980;Posner & Digirolamo,1998).   

Summarizing the evidence gained from electrical studies, the 

dorsal ACC appears to receive information about a stimulus, 

selects an appropriate response, monitors the response, and 

adapts behavior if there is a violation of expectancy or error 

(Bush et al,2000;Gehring et al,1993;Holyroyd et al,2004;Luu & 

Pederson,2004).  The rostral ACC (part of the perigenual ACC) 

was found to be active after error commission (a response 

function), while the dorsal ACC was found to respond to error 

and feedback of the error-an evaluative function (Bush et al, 

2002;Carter et al,1998;Polli et al,2005).  The evaluation 

function of the dorsal ACC was emotional in nature and 

indicative of the amount of distress associated with a certain 

error (Bush et al,2000).   

 

The most basic form of dorsal ACC theory states that the dorsal 

ACC is involved in error detection (Bush et al,2000).  A typical 

task which activates the dorsal ACC involves eliciting some sort 

of conflict in an individual that has the potential to result in 

error (Eriksen flanker task-Botvinik et al,1999;Stroop task-

Pardo et al,1990).  The dorsal ACC has been found to do more 

than merely detect error.  It was found to be active during 

correct responses as well (Carter et al,1998).  In addition, the 

more competitive are the stimuli, the greater the activation of 

the dorsal ACC (Carter et al,1998).  Luu and Pederson (2004) and 

Polli and coworkers (2005) found that the dorsal ACC was active 

when subjects were not aware of their errors and that awareness 

of errors increases dorsal ACC activation and results in the 

production of fewer errors.  Brown and Braver (2005) and Bush 

and coworkers (2002) found the dorsal ACC involved in the 

evaluation of the magnitude or cost of errors or shortfalls.  

Damage to the dorsal ACC causes difficulty in evaluating the 

consequences of social behavior and difficulty in evaluating the 

outcome of the treatment of mood disorders (Drevets et al,2008).  

Thus the dorsal ACC appears to detect error, evaluate the degree 

of error, and selects an appropriate form of action to be 

implemented by the motor system (Bush et al,2002;Polli et al, 

2005;Taylor et al,2006).     

 

Rather than representing errors or shortfalls, the dorsal ACC 

might be most active when conflicts between competing tendencies 

arise (Botvinik et al,1999;Carter et al,1998).  Trials that 

produced the most conflict also produced the greatest activation 



of the dorsal ACC (Botvinik et al,1999).  Patients with ADHD 

were found to have damage to the dorsal ACC and difficulty 

evaluating conflict during Stroop tasks (Bush et al,1999).  

Patients with schizophrenia also were found to have damage to 

the dorsal ACC and difficulty dealing with conflict in Stroop-

like tasks (Holyroyd et al,2004).  However, it has been found 

that lesions to the dorsal ACC do not eliminate the processing 

of errors and conflicts (Baird et al,2006;Nachev et al,2006) and 

many executive functions, including the monitoring of errors and 

conflicts, remain intact after large dorsal ACC lesions (review 

by Critchley et al,2005).  Dorsal ACC activity therefore appears 

not to be involved in error or conflict processing per se, but 

is correlated with error or conflict processing occurring 

somewhere else.     

 

Many of the functions of the dorsal ACC appear to be correlated 

with awareness (consciousness).  As described above, the 

response of the dorsal ACC to error or conflict is correlated 

with awareness (the evaluation of error or conflict by the 

dorsal ACC is therefore correlated with awareness).  Lane and 

coworkers (1998) showed that ACC activity reflected improved 

recognition of emotional cues and targets in subjects with 

better emotional awareness.  The dorsal ACC seems to be 

especially active when effort is required for the performance of 

a task, such as early learning and problem-solving (Allman et 

al,2001).  Allman and coworkers (2001) and Critchley and 

coworkers (2003) found that the dorsal ACC was most active 

during effortful context-dependent tasks.  Effort is defined as 

conscious exertion (Merriam-Webster).  The ACC is larger on one 

side of the brain than the other.  Morton and Rafto (2010) found 

that agency or will (a type of conscious experience, awareness) 

reside in the hemisphere with the larger ACC.  ACC activity 

remains elevated in tasks which involve adherence to sequential 

decision-making paths (Stroop tasks-Pardo et al,1990).  

Awareness is central to the performance of these tasks.  

Rehearsing a task which originally produced spontaneous, novel 

responses (which requires awareness) to the point of producing 

stereotyped rigid responses (which are automatic, not requiring 

awareness) resulted in diminished ACC activation (Raichle et al, 

1994).  The dorsal ACC might regulate emotion using the same 

mechanism as it uses for the evaluation of errors (Compton et 

al,2008).  The dorsal ACC might detect and evaluate undesirable 

emotion or shortfalls from some optimal emotion.   

 

Both the dorsal ACC and the DLPFC have been shown to be involved 

in emotion regulation (Bouregard et al,2001;Kalisch et al,2005; 

Ochsner et al,2004).  Proficient performance on tasks which 



purportedly utilize the dorsal ACC and DLPFC (like the 

adjustment of performance after errors) tends to correlate with 

emotional well-being, such as diminished anxiety (Compton et al, 

2008;Robinson,2007).  Remember, the DLPFC is the central 

executive for cognitive function.  Reward-based learning theory 

suggests that the dorsal ACC is involved in reward-based 

decision-making and learning, while the rostral ACC is involved 

in the emotional responses that arise (Bush et al,2002;Polli et 

al,2005;Taylor et al,2006;Volz et al,2008).  The dorsal ACC 

might bias response selection with expectations of reward or 

loss, ie. with reinforcement-expectancies (Holyroyd et al,2004).  

The DLPFC might be more involved in the implementation of 

adjustments (Garavan et al,2002).  Mayberg and coworkers (2005) 

found that electrical stimulation of the dorsal ACC curbed 

depression in some patients.  They concluded that the dorsal ACC 

is a conduit between the cognitive functions of the prefrontal 

cortex (DLPFC) and the emotional experiences of the medial 

temporal limbic system and that this system was overactive in 

depression.  The supragenual (dorsal) ACC was found to suppress 

the amygdala (Etkin et al,2006;Pezawas et al,2005) and hence 

change emotion generation.  The dorsal ACC has been considered 

an interface between cognition and emotion (Bush et al,2000; 

Mayberg et al,2005;Volz et al,2008).  Hence the dorsal ACC may 

be involved in what might be called the cognitive regulation of 

emotion.         

   

LIE-DETECTION 

 

Traditional lie detection depends on various technologies that 

measure physiological (blood pressure, galvanic skin response, 

heart rate) or behavioral (facial micro-expressions, eye 

tracking movements, pupil size, body language such as gestures 

or postures, and various linguistic indicators like voice 

analysis, word composition, and word patterns) reactions that 

accompany deception (Pjister,2011;Preston,2002;Rothwell,2006).  

Many of these reactions are under autonomic control and are more 

or less involuntary and very difficult to control consciously.  

It is thought that the physiological and behavioral reactions 

that occur during deception are part of an emotional reaction 

arising from putting the lie together.  Utilizing fMRI (Ganguli, 

2007;Langleben,2005), it was found that regions in the 

prefrontal cortex (specifically the superomedial and 

inferolateral) and parietal cortex are more active during 

deception than when telling the truth.  These are just the areas 

(dorsal ACC, DLPFC/OFC, and inferior parietal cortex) that one 

would expect to be active during the cognitive regulation of 

emotion.   



 

MOOD AND EMOTIONAL DISORDERS 

 

There are therefore two regulatory systems involved in the 

regulation of emotion: the ventral system and the dorsal system.  

There are distinct patterns of structural and functional 

abnormality in the two systems which may be responsible for the 

specific symptoms of various mood and emotional disorders (John, 

2009;Ongur et al,1998;Phillip et al,2003b;Ressler & Mayberg, 

2007).  The affective valence systems, amygdala, DLPFC, OFC, 

ACC, and IPC appear to be key structures involved.       

 

 

POSITIVE FEEDBACK AND NONLINEAR EMERGENCE 

 

Positive feedback and nonlinear emergence is a basic physical 

mechanism responsible for a vast number of natural phenomena-

flames, waves, groups, hurricanes, businesses, organisms, 

individuals, etc. (Scott,1996,1999,2000,personal communication; 

Sieb,2004,2007,2011).  Positive feedback is excitatory feedback 

(Scott,1996,1999,2000;Sieb,2004,2007,2011).  It occurs when the 

output of a system feeds back as an additional excitatory input 

into the system.  A positive feedback cycle arises when the 

output of a system feeds back as an additional excitatory input 

into the system, which produces more output, producing more 

positive feedback, producing more output, and so on.  If 

unopposed, such a cycle results in an uncontrolled exponential 

increase in activation of the system (Scott,1996,1999,2000, 

personal communication;Sieb,2004,2007,2011) and the system would 

soon exhaust itself (like seizures).  However, this uncontrolled 

increase in activity is normally counteracted by inhibitory 

influences which act against the excitatory positive feedback to 

produce a balanced equilibrium state (otherwise, the system 

would be suppressed or exhausted).  The inhibitory influences 

are said to be nonlinear because they are variable and have 

variable effects, which are not entirely predictable (Gershenson 

& Heylighner,2004).  Because the balanced state emerges in a 

nonlinear manner, it is known as a nonlinear emergent state.  

Nonlinear emergent states are always new or novel.  They have 

new properties not present in the original external inputs from 

which they were developed (Newman,1997;Scott,1996,1999,2000, 

personal communication).  Nonlinear emergent states cannot be 

precisely predicted in advance from the original inputs from 

which they were developed as linearly-produced states can be 

(Gershenson & Heylighner,2004).  Nonlinear emergent states are 

fixed for a period of time and are said to be explicit (ie. they 

are fully realized physically and are considered discreet 



physical objects which can be directly utilized-O’Brien & Opie, 

1999).  Nonlinear emergent states therefore can affect other 

physical systems and processes.  Nonlinear emergent states 

developed from positive feedback have the following properties 

(Sieb,2011): they are system-generated, form rapidly, but do 

take time to form, persist for a period of time, are explicit, 

can affect other physical systems and processes, are complex, 

bounded, have content, have limited capacity, are variable, 

flexible, seamless, ineffable, transparent, serial in 

production, prone to interference, unified and coherent, and 

projected outwards.  All these properties have also been 

ascribed to conscious experience, including emotion (Baars,1988; 

Koch,1998;Tononi & Edelman,1998).  This suggests that conscious 

experiences, including emotions, may arise from positive 

feedback and nonlinear emergence.   

 

EXAMPLES OF POSITIVE FEEDBACK AND NONLINEAR EMERGENCE 

 

There are many examples of phenomena arising from positive 

feedback and nonlinear emergence (Scott,1996,2000,personal 

communication;Sieb,2004,2007,2011).  One familiar example is a 

candle flame.  When a candle is lit (input), candle wax melts, 

producing wax vapor, which burns, dissipating heat and light 

(output).  Some of the dissipated heat feeds back (positive 

feedback) to melt more candle wax, producing more wax vapor, 

which burns, producing more heat, some of which feeds back, and 

so on, producing a positive feedback cycle.  Nonlinear 

inhibitory influences (cross-sectional area of the candle, loss 

of heat, air movement, air temperature, humidity, etc.) act to 

inhibit the excitatory influences (melting of candle wax, 

formation of wax vapor, burning of wax vapor, dissipation and 

feedback of heat).  The candle flame is a balanced equilibrium 

state that arises between the inhibitory and excitatory 

influences (a balanced dissipation of heat and light).  The 

candle flame therefore is a nonlinear emergent state and has all 

the properties mentioned in the preceding section.  As everyone 

knows, a candle flame is explicit (physical) and can affect 

other physical systems (one’s finger, inflammable objects).  The 

candle flame has properties not present in or predictable from 

the original external inputs from which it was developed (candle 

wax, wax vapor, match).  Waves (water, optical, sound) also may 

be explained through nonlinear emergence.  When a rock is thrown 

into a pond (input), water molecules are displaced outwards 

(output).  Displaced water molecules push against other adjacent 

water molecules, some of which rush in to fill the space 

previously occupied by the displaced water molecules (positive 

feedback).  This excitatory input further displaces water 



molecules outwards, which feeds back, producing further 

displacement, leading to a positive feedback cycle.  This 

positive feedback cycle is counteracted by nonlinear inhibitory 

influences (weight of water molecules, water temperature, depth, 

currents, obstacles, etc.) producing a wave (a balanced 

displacement of water molecules propagating outwards).  A wave 

is certainly explicit with new properties not present in or 

entirely predictable from the original inputs (rock, water 

molecules).  Any business may be described utilizing nonlinear 

emergence.  Money is utilized to set up an inventory or services 

(input).  Sale of the inventory or services results in the 

acquisition of more money (output).  Some of this money 

(positive feedback) is used to provide more inventory or 

services, and so on, resulting in a positive feedback cycle.  

Nonlinear inhibitory influences (number of employees, number of 

customers, amounts of money, size and type of the inventory or 

services, hours of operation, etc.) act to balance the 

disposition of money resulting in the nonlinear emergence of a 

specific business (a functioning Walmart store, Imperial Oil 

company, or Macdonald’s restaurant, etc.).  Nerve impulses, 

groups of people (committees, nations, families, etc.), stock 

markets, and many other phenomena may be described as arising 

from positive feedback and nonlinear emergence.  Conscious 

experiences (including emotions) may also arise from positive 

feedback and nonlinear emergence (Sieb,2004,2007,2011).   

 

PERCEPTION      

 

Conscious experiences (including emotions) appear to arise from 

perception (Mattingley,1999;Rowlands,2002;Velmans,1999).  

Perception is the interpretation of sensory stimulation in terms 

of previous experience (Merriam-Webster).  Perception appears to 

occur in the inferior parietal cortex-IPC (Mattingley,1999).  

The IPC is at the junction of the parietal, temporal, and 

occipital lobes of the brain and consists of the supramarginal 

(area 40) and angular (area 39) gyri, part of area 7, and is 

partly coextensive with the posterior superior temporal gyrus-

area 22 (Joseph,1990,2000).  The IPC contains neurons which are 

multimodally responsive, receiving highly processed input from 

somesthetic, visual, and auditory association cortex, the 

frontal lobes, and other higher-order assimilation areas 

throughout the neocortex (Bruce et al,1986;Burton & Jones,1976; 

Jones & Powell,1970;Joseph,1990,2000;Seltzer & Pandya,1978;Zeki, 

1974).  Note that the three regions of the prefrontal cortex 

(DLPFC, OFC, and ACC) connect to the superior temporal gyrus and 

the IPC (Bogarts,1997;John,2009;Petrides & Pandya,2007).  All 

higher-order sensory processing converges on the IPC.  IPC 



neurons can simultaneously analyze visual, auditory, and 

somesthetic information, respond to visual stimuli of any size, 

shape, or form, and have visual receptive properties that span 

almost the entire visual field (Bruce et al,1982,1986;Hyvarinen 

& Shelepin,1979;Joseph,1990,2000).  The IPC is involved in the 

creation and assimilation of cross modal associations (auditory, 

visual, and somesthetic equivalents of objects, events, ideas, 

actions, feelings-Joseph,1990,2000).  This is perception.  

Damage to the left IPC may cause anomia, object and finger 

agnosia, acalculia, most forms of apraxia, agraphia, left-right 

disorientation, pure word blindness, alexia, conductive aphasia, 

disruption of sequential-grammatical relationships, disruption 

of spatial-sequential ability, impairment of visual-spatial 

functioning, impairment of temporal-sequencing ability, 

disruption of the performance of skilled temporal-sequential 

motor acts, and the impairment of logic and grammar (Benson et 

al,1973;Heilman,1973,1979;Hechaen & Albert,1978;Joseph,1990, 

2000;Luria,1980;Sauguet et al,1971;Straub & Geschwind,1983; 

Vignolo,1983).  Dressing apraxia and constructional apraxia may 

occur with right IPC damage (Hier et al,1983;Mehta et al,1987; 

Joseph,1988a,1990,2000).  Note that impaired formation of 

conscious experiences could result in all these disruptions.  It 

is interesting to note that the parietal cortex of Albert 

Einstein’s brain was 15% greater in size than in any other human 

brain on file (KSPS TV Program,How Smart Can We Get?,Nova 

Science Now,2012).  Einstein was noted for his extraordinary 

perceptual and cognitive skill.   

 

NEGLECT 

 

Neglect syndrome may occur with damage to the IPC (Joseph,1990, 

2000;Mattingley,1999;Prinz,Lecture at Towards A Science Of 

Consciousness (TASOC) 2012 Conference).  Loss of dreaming (a 

type of conscious experience) can occur with parietal cortex 

damage (Solms,M.,In “What Are Dreams?”,KSPS Nova TV Program, 

2009).  Neglect (hemineglect, unilateral neglect, spatial 

neglect, hemispatial neglect) syndrome is a deficit in awareness 

(conscious experience) of one side of space that occurs as a 

result of brain damage (Husain,2008;Unsworth,2007).  Neglect is 

not due to lack of sensation or ability to move, but appears to 

be caused by an inability to pay proper attention to sensory 

stimuli (Husain,2008;Unsworth,2007).  Even though the person 

with neglect is unaware of sensory stimuli, appreciable 

processing of the stimuli still appears to occur, even to the 

point of identity and meaning (Berti & Rizzolatti,1992;Rees, 

2001;Rees et al,2000).  The neglect may extend to the visual, 

auditory, somatosensory, and olfactory domains (Husain,2008; 



Unsworth,2007).  Neglect is most profound and long-lasting with 

damage to the right cerebral hemisphere with the awareness 

deficit to left (contralateral) space (Husain,2008;Unsworth, 

2007).  Left hemisphere damage may produce a less prolonged and 

long-lasting neglect of right space (Husain,2008;Kim et al, 

1999).  Neglect has classically been associated with lesions of 

the right posterior parietal cortex, particularly in the right 

temporoparietal junction or inferior parietal lobe (Husain, 

2008;Mattingley,1999;Vallar & Perani,1986), in other words, in 

the right IPC.  Isolated lesions of the right frontal lobe have 

also been associated with neglect of left space (Husain & 

Kennard,1996).  Severe left unilateral inattention and neglect 

is seen with massive lesions to the right frontal lobe of the 

brain (Joseph,1988a,1988b,1990,2000).  Subcortical lesions (such 

as of the basal ganglia and thalamus), without involvement of 

the overlying cortex, can lead to neglect (Hillis et al,2002; 

Hillis et al,2005).  Damage to white matter pathways connecting 

posterior and frontal cortical areas has also been implicated in 

neglect (Bartolomeo et al,2007;Thiebaut de Schotten et al,2005).  

Patients with neglect have different combinations of posterior 

cortical, frontal cortical, subcortical, and white matter damage 

and this is thought to underlie the diversity of functional 

deficits found in such people (Husain,2008).  Thus the neglect 

syndrome suggests that the connection between the IPC and 

frontal cortex is quite important in attention and the 

production of conscious experience, including emotion.   

 

POSITIVE FEEDBACK AND NONLINEAR EMERGENCE OF CONSCIOUS 

EXPERIENCES (INCLUDING EMOTIONS) 

 

Crick and Koch (2003) determined that conscious experience 

depends on neuronal coalitions spanning the posterior sensory 

cortices and the executive areas of the prefrontal cortex.  

Hudetz (Anesthesia:When the front fails to see the back,Talk at 

TASOC 2008 Conference) and Hudetz and coworkers (2006) found 

that anesthetic drugs produce unconsciousness by disrupting 

these long range anterior-posterior connections.  Laplant and 

coworkers (2005) demonstrated a reduction in frontal activation 

in anesthetized animals that was normally present in waking 

animals.  This “hypofrontality” is commonly produced by a number 

of anesthetics.  Laureys (Identifying the brain’s awareness 

system:Lessons from coma and related states,Lecture at TASOC 

2012 Conference;Demertzi et al,2013;Lapitskaya et al,2013) found 

that external sensory awareness is an emergent property 

dependent on cortical-cortical interconnections in a widespread 

frontal-parietal network.  Activity in this network was reduced 

during anesthesia, coma, unresponsive wakefulness syndrome 



(vegetative state), and minimally conscious states.  Imas and 

coworkers (2005) found recurrent feedback from anterior to 

posterior brain areas was suppressed earlier in anesthetized 

animals than feed forward information transfer.  Mashour 

(Consciousness in the operating room,Lecture at TASOC 2012 

Conference;Avidan et al,2011;Ku et al,2011;Lee et al,2009) found 

that anesthetics suppress mainly parietal cortex feedback 

connectivity, but not parietal cortex feed forward connectivity.  

This is reversed when the person awakes.  Mashour concludes that 

the parietal cortex is affected much more than frontal areas by 

anesthetics, that conscious experience is likely a cortical-

cortical feedback interaction, and that conscious experience may 

be governed by this feedback interaction.  A number of other 

investigations have found that feedback connectivity is required 

to generate conscious experience (Boehler et al,2008;Crick & 

Koch,1995;Fahrenfort et al,2007;Lamme & Roelfsema,2000;Ro et al, 

2003;Tononi & Koch,2008).  A positive feedback interaction 

between the prefrontal cortex and IPC appears to be involved in 

the production of conscious experience, including emotion.  

 

POSITIVE FEEDBACK, NONLINEAR EMERGENCE, AND ATTENTION 

 

Perception and focal attention are necessary for the production 

of conscious experience, including emotion (Rowlands,2002; 

Velmans,1999).  As discussed, the IPC is involved in perception.  

The frontal lobes, especially the right frontal lobe, and the 

parietal lobes have great attention capacity (Desmedt,1977; 

Dimond,1976,1979;Hielman & Van Den Abell,1979,1980;Joseph,1982, 

1986a,1988a,b;Tucker,1981).  Prinz (2003;Attention as the 

mechanism of consciousness,Lecture at TASOC 2012 Conference) 

found that awareness (conscious experience) does not arise 

without attention and develops over a time delay.  Prinz 

suggested this time delay may be the time necessary for 

attention to act.  Joseph (2000) and Prinz found that attention, 

perception, and working memory occur in the IPC.  Working memory 

also operates in the DLPFC (Fuster,1997,2000,2008;Goldman-Rakic, 

1990).  Working memory is the provisional retention of 

perceptual information for prospective action, a type of focal 

attention whereby perception is reorganized and rerepresented, 

becoming explicit, functional, and conscious (Luck & Vogel,1997; 

Todd & Marois,2004;Vogel & Machizawa,2004).  Working memory is a 

cognitive process that is accompanied by consciousness (Fuster, 

personal communication,2013).  Working memory represents the two 

components (perception, focal attention) necessary for the 

production of conscious experience and produces conscious 

experience.  Working memory may be formed and maintained by 

reentry (Fuster,1997;2008).  Reentry is a reciprocal interaction 



and occurs throughout the brain (Tonelli & Edelman,1998).  

Consciousness is impaired if the reentry mechanisms of the brain 

are disrupted (Tonelli & Edelman,1998).  Positive feedback is a 

type of reentry.  Positive feedback and nonlinear emergence in 

prefrontal-IPC connections also occurs over a time delay and 

results in conscious experience.  Positive feedback and 

nonlinear emergence in prefrontal-IPC connections then may be a 

type of working memory (focal attention) whereby perception is 

reorganized and rerepresented, becoming explicit, functional, 

and conscious.  The reorganization and rerepresentation of 

perception occurring in working memory is not entirely 

predictable and probably arises in a nonlinear fashion typical 

for complex systems like the brain (Gershenson & Heylighen, 

2004).  Positive feedback and nonlinear emergence in prefrontal-

IPC connections therefore may be a type of focal attention which 

produces conscious experience, including emotion.  Conscious 

experience (emotion) is in effect arising from focal attention 

and perception.  Any disruption in the positive feedback 

interaction between the prefrontal cortex and IPC would be 

tantamount to a disorder of attention and might produce neglect.   

 

PRODUCTION OF ADAPTIVE ACTION 

 

Working memory has been shown to operate in the DLPFC (Fuster, 

1997,2000,2008;Goldman-Rakic,1990).  Fuster (1997,2000,2008) 

found that the DLPFC mediates the ongoing production of 

voluntary new or novel intentional (adaptive) actions through 

the integration of three cognitive processes: active short-term 

memory (working memory), motor set (selection, preparation, and 

readiness for action), and the inhibition of excess activity 

(also part of attention).  Hence the explicit conscious states 

(conscious experiences, emotions) arising from positive feedback 

and nonlinear emergence (working memory, focal attention) may be 

utilized by the DLPFC for the preparation of voluntary new or 

novel intentional (adaptive) actions (and in other cognitive 

functions).  Such actions are thus mediated, deliberated, 

voluntary, and intentional.  Emotions are subjective; that is, 

emotions are developed by processes within the brain and are not 

directly caused by external sensory stimuli.  Subjective states 

like conscious experiences (including emotions) may be thought 

of as new internal points of view or perspective (internal 

contexts) built from previous experience (perception) and 

external input (Alter,2002;McClamrock,1992;McCrone,2001;Sieb, 

2011).  Adaptive actions (actions performed in response to 

changes in the environment, also called voluntary new or novel 

intentional actions) are always produced in relation to our 

point of view or perspective (subjective conscious state) at the 



time (Alter,2002;McClamrock,1992;McCrone,2001;Sieb,2011).  

Perception would directly produce only stereotyped, reflexive, 

or programmed-type actions (Gershension & Heylighen,2004).  In 

order to produce voluntary new or novel intentional (adaptive) 

actions, perception must be reorganized and rerepresented 

(Gershension & Heylighen,2004).  As just discussed, this may 

occur through positive feedback and nonlinear emergence in 

prefrontal-IPC long-range connections (working memory, focal 

attention).  The creation of explicit functional conscious 

states (emotions, other conscious experiences) allows us to 

respond to our constantly changing environment in a voluntary, 

rapid, new or novel, versatile, and purposeful manner; in other 

words, we respond to change by self-organizing our behavior 

(McCrone,2001;Sieb,2011).  We are not bound by stereotyped, 

inflexible, reflexive, or programmed-type responses, typical of 

animals and machines, but can create new or novel responses, as 

the situation demands (Sieb,2004,2007,2011).  Various degree, 

composition, and type of emotion may be created, depending on 

the situation.  Hence we have a high capacity to produce 

adaptive behavior based on our emotions.  Emotion may be 

especially important in the production of the adaptive behavior 

known as social behavior.  The ability to create a variety of 

emotions is necessary for successful social interaction and for 

competition and survival in our complex societies.       

 

CONCLUSIONS 

 

Emotion is explicit, functional, and conscious.  It is the 

affective aspect of consciousness.  Emotion has all the same 

properties as conscious experience and is defined as conscious 

experience.  Emotion therefore is conscious experience.  Emotion 

is also produced in the same way as conscious experience.  Hence 

emotion is conscious per se.  Conscious experience, including 

emotion, represents the content of consciousness (what is in 

consciousness).  Emotion may have evolved for the production of 

adaptive behavior, especially social behavior.  

 

Emotions are complex reaction patterns arising to sensory 

stimulation and consist of three components: a physiological 

component, a behavioral component, and an experiential 

(conscious) component.  Emotions arise from processes within the 

brain and are not directly caused by external sensory stimuli 

(hence they are subjective).  The reactions making up an emotion 

determine what the emotion will be recognized as.   

 

Three processes are involved in producing emotion: (1) 

identification of the emotional significance of a sensory 



stimulus, (2) production of an affective state (emotion), and 

(3) regulation of the affective state.  Process (1) consists of 

the development of an affective value or valence (stimulus-

reinforcement association) for sensory stimulation.  Affective 

valence is developed through the relative activation of two 

opposing systems in the brain by sensory stimulation: the reward 

and punishment systems.  The development of affective valence 

begins early in sensory processing, long before the sensory 

stimulus is recognized cognitively and consciously in the 

cerebral cortex.  The development of affective valence is 

important as it regulates further stimulus processing 

(facilitating or inhibiting stimulus processing), regulates 

arousal, attention, and consciousness (through activation of the 

reticular activating system), and is the basis for the 

evaluative, expressive, and experiential aspects of emotion, 

conditioned emotion learning acquisition and expression (in the 

amygdala), memory consolidation (via the amygdala and 

hippocampus), reinforcement-expectancies for decision-making and 

coping responses (via the amygdala, OFC, and ACC), adaptive 

behavior (via the dorsal ACC and DLPFC), and social behavior 

(via the dorsal ACC, OFC, and DLPFC).  The effects of affective 

valence are relatively primitive or reflexive at subcortical 

levels but may be refined into emotional reactions at higher 

limbic and neocortical levels.  The reward system appears to 

produce its effects through the modulation of dopamine, 

acetycholine, noradrenaline, and serotonin neurotransmitter 

actions in the brain.  The punishment system appears to produce 

its effects via inhibitory limbic structures.  All emotions have 

an affective valence (are seen as positive or negative emotions) 

and appear to develop from affective valence.   

 

The amygdala is critical for the representation of stimulus-

reinforcement (affective valence) associations (both reward and 

punishment-based) needed for emotion processing and expression 

(process 2), positive and negative conditioned emotion learning 

acquisition and expression, memory consolidation, reinforcement-

expectancies for decision-making and coping responses, and 

social behavior.  Stimulus-reinforcement associations are passed 

from the amygdala to the ventromedial prefrontal cortex (OFC, 

ventral ACC) for emotion expression and regulation, 

reinforcement-expectancy for decision making, and social 

behavior.  Increased amygdala activity due to emotional arousal 

increases the strength and retention of long-term memories via 

connection of the amygdala with the hippocampus and 

parahippocampus.  Amygdala projection to the ventral ACC is 

utilized for the automatic regulation of emotion.  The dorsal 

ACC suppresses the amygdala and may be involved in the cognitive 



regulation of emotion.  Differences in the size and connections 

of the amygdalae may account for some of the differences in 

emotion and social behavior seen in men and women.  People with 

larger amygdalae are better able to interpret emotions, have 

larger and more complex social networks, are better able to make 

social judgments, and may have better emotional intelligence 

than people with smaller amygdalae.   

 

The prefrontal cortex appears to be essential for the regulation 

of emotion (process 3).  The prefrontal cortex may be separated 

into three distinct and separate architectural and functional 

areas.  The DLPFC is known as the central executive for 

cognitive and intentional control.  It is the highest cortex for 

motor planning, preparation, and execution (voluntary new or 

novel intentional actions).  Explicit functional conscious 

states (including emotions) may participate in the preparation 

of cognitive functions and voluntary intentional (adaptive) 

actions (including social behavior and coping responses) by 

acting on the DLPFC.  The OFC is known as the central executive 

for emotion and social control.  The OFC is primary for the 

production of emotion, social behavior, and reinforcement-

expectancies for decision-making.  Affective valence information 

from the amygdala is essential for this function.  The ventral 

ACC may assess affective valence information from the amygdala 

for the automatic regulation of emotion and works with the OFC 

in the implementation of reinforcement-expectancies for 

decision-making.  The activity of the dorsal ACC is correlated 

with consciousness and appears to be involved in the cognitive 

regulation of emotion and motivation.           

 

A positive feedback interaction between the prefrontal cortex 

(DLPFC, OFC, and ACC) and the IPC (perception) appears to give 

rise to the conscious experience of emotion.  Positive feedback 

and nonlinear emergence in prefrontal-IPC connections may 

represent a type of working memory or focal attention by which 

perception is reorganized and rerepresented, becoming explicit, 

functional, and conscious.  Explicit functional conscious states 

(including emotions) arising from this mechanism may be utilized 

for the preparation of cognitive functions (planning, reasoning, 

calculating, problem-solving, decision-making, logic, grammar, 

language comprehension and production), voluntary new or novel 

intentional (adaptive) actions, social behavior, and motivation.   

 

Emotion has an intimate relationship with social behavior.  

Disruption at any stage in the development of emotion (affective 

valence, regulation of attention and consciousness by the 

reticular activating system, amygdala, OFC, ACC, DLPFC, IPC, 



prefrontal-IPC connections) results in disordered social 

behavior.  Emotion appears to control social behavior (our 

emotions determine how we respond to others).  Study of the 

various structures and interconnections involved in the 

production of emotion is very important for the understanding, 

diagnosis, and treatment of various mood and emotional disorders 

and social dysfunctions.                   

 

Essentially, the whole brain is involved in the production of 

emotion.  Affective valence must be developed for sensory input 

via the reward and punishment systems.  The reticular activating 

system regulates the level of attention and consciousness.  

Affective valence is represented in the amygdala.  Affective 

valence information is passed from the amygdala to the 

prefrontal cortex.  Sensory input is integrated in the sensory 

areas of the cerebral cortex and converges for perception in the 

IPC.  A positive feedback interaction between the prefrontal 

cortex and the IPC results in the nonlinear emergence of an 

explicit functional emotion.         

 

REFERENCES 

 

Afifi, A.K., & Bergman, R.A. (1986). Basic Neuroscience.  

   Baltimore/Munich:Urban & Schwarzenberg. 

 

Alexander, G.E., Crutcher, M.D., & DeLong, M.K. (1990). Basal  

   ganglia-thalamocortical circuits: Parallel substrates for 

   motor, oculomotor, “prefrontal” and “limbic” functions.  

   In: H.B.M.Uylings, C.G.Van Eden, J.P.E.DeBruin, M.A.Corner,  

   & M.G.P.Feenstra (Eds.), The prefrontal cortex, Progress In  

   Brain Research, 85, 119-146. 

    

Alexander, G.E., DeLong, M.R., & Strick, P.L. (1986). Parallel  

   organization of functionally segregated circuits linking  

   basal ganglia and cortex. Annual Review Of Neuroscience, 9, 

   357-381.  

 

Allman, J.M., Hakeem, A., Nimchinsky, E., & Hof, P. (2006). The  

   anterior cingulate cortex. Annals Of The New York Academy Of 

   Sciences, 935, 107-117. 

 

Allman, J.M., Hakeem, A., Erwin, J.M., Nimchinsky, E., & Hof, P. 

   (2001). The anterior cingulate cortex: The evolution of an  

   interface between emotion and cognition. Annals New York  

   Academy Of Sciences, 935(1), 107-117. 

 

Alter, T. (2002). Nagel on imagination and physicalism. Journal  



   Of Philosophical Research, 27, 143-158. 

 

Amunts, K., Kedo, O., Kindler, M., Pieperhoff, P., Mohlberg, H., 

   Shah, N., Habel, U., Schneider, F., & Zilles, K. (2005).  

   Cytoarchitectonic mapping of the human amygdala, hippocampal 

   region and entorhinal cortex: Intersubject variability and  

   probability maps. Anatomy And Embryology (Berlin), 210(5-6),  

   343-352. 

 

Anand, B.K., & Dua, S. (1956). Electrical stimulation of the  

   limbic system of brain (“visceral brain”) in the waking  

   animal. Indian Journal Of Medical Research, 44, 107-119. 

 

Appleton, S.P., & Passingham, R.E. (1981). Syndrome produced by 

   lesions of the amygdala in monkeys (Macaca mulata). Journal 

   Of Comparative And Physiological Psychology, 95(6), 961-977. 

 

Asari, T. Konishi, S., Jimura, K., Chikazoe, J., Nakamura, N., 

   & Miyashita, Y. (2010). Amygdala enlargement associated with 

   unique perception. Cortex, 46(1), 94-99. 

 

Avidan, M.S., et al (2001). Prevention of intraoperative  

   awareness in a high-risk surgical population. The New  

   England Journal Of Medicine, 865, 591-600. 

 

Baars, B. (1988). A Cognitive Theory Of Consciousness, 

   Cambridge:Cambridge University Press. 

 

Baird, A., Dewar, B.K., Critchley, H., Gilbert, S.J., Dolan,  

   R.J., & Cipolloti, L. (2006). Cognitive functioning after  

   medial frontal lobe damage including the anterior cingulate 

   cortex: A preliminary investigation. Brain And Cognition, 

   60(2), 166-175. 

 

Bakin, J.S., & Weinberger, N.M. (1996). Induction of a  

   physiological memory in the cerebral cortex by stimulation of 

   the nucleus basalis. Proceedings Of The National Academy Of 

   Sciences, 93(20), 11219-11224. 

 

Baleydier, C., & Maguiere, F. (1980). The duality of the  

   cingulate gyrus of the monkey. Brain, 103, 525-554. 

 

Barrett, L.F. (2006). Are emotions natural kinds? Perspective In  

   Psychological Science, 1, 28-58. 

 

Bartolomeo, P., Thiebaut de Schotten, M., & Doricchi, F. (2007). 

   Left unilateral neglect as a disconnection syndrome. Cerebral 



   Cortex, 17, 2479-2490. 

 

Beauregard, M., Levesque, J., & Bourgouin, P. (2001). Neural  

   correlates of conscious self regulation of emotion. Journal 

   Of Neuroscience, 21, 1-6. 

 

Bechara, A., Damasio, A.R., Damasio, H., & Anderson, S.W. 

(1994). Insensitivity to future consequences following damage 

to human prefrontal cortex. Cognition, 50, 7-15. 

 

Benson, D.F., & Geschwind, N. (1971). Psychiatric conditions 

   associated with focal lesions of the central nervous system. 

   In: S.Arieti & M.Reiser (Eds.), American Handbook Of  

   Psychiatry, 4, 208-243, New York:Basic Books. 

 

Benson, D.F., Sheremata, W.A., Bouchard, R., Seggarram, J.,  

   Price, D., & Geschwind, N. (1973). Conduction aphasia.  

   Archives Of Neurobiology, 28, 339-346. 

 

Berti, A., & Rizzolatti, G (1992). Visual processing without  

   awareness: Evidence from unilateral neglect. Journal Of  

   Cognitive Neuroscience, 4, 345-351. 

 

Bertolucci-Angio, M., Serrano, A., Driscoll, P., & Scatton, B. 

(1990). Involvement of mesocorticolimbic dopaminergic systems 

in emotional states. In: H.B.M.Uylings, C.G.Van Eden, J.P.E.De 

Bruin, M.A.Corner, & M.G.P.Feenstra (Eds.), Progress In Brain 

Research, The Prefrontal Cortex, 85, 405-518. 

 

Best, B. (2004). The amygdala and the emotions. Anatomical Basis 

   Of Mind, Chapter 9, website. 

 

Best, B. (2010). Brain Neurotransmitters, Chapter 10, website. 

 

Bickart, K.C., Wright, C.I., Dantoff, R.J., Dikerson, B.C., & 

   Barrett, L.F. (2010). Amygdala volume and social network size 

   in humans. Nature Neuroscience, 14(2), 163-164. 

 

Blair, R.J.R. (2008). The amygdala and ventromedial prefrontal  

   cortex: Functional contribution and dysfunction in  

   psychopathy. Philosophical Transactions Of The Royal Society, 

   363(1503), 2557-2565. 

 

Blair, H.T., Schafe, G.E., Bauer, E.P., Rodrigues, S.M., &  

   Ledoux, J.E. (2001). Synaptic plasticity in the lateral  

   amygdala: A cellular hypothesis for fear conditioning.  

   Learning And Memory, 8, 229-242. 



 

Blumberg, H.P., Haufman, J., Martin, A., Whiteman, R., Hongyuan, 

   Z.J., Gore, J.C., Chorney, D.S., Krystal, J.H., & Peterson,  

   B.C. (2003). Amygdala and hippocampal volumes in adolescents  

   and adults with bipolar disorder. Archives General  

   Psychiatry, 60(12), 1201-1208. 

 

Blumer, D., & Benson, D.F. (1975). Psychiatric manifestations of 

epilepsy. In: D.F.Benson & D.Blumer (Eds.), Psychiatric 

Aspects Of Neurologic Disease, 25-48, Orlando:Grune and 

Stratton. 

 

Boehler, C.N., Schoenfeld, M.A., Heinze, H.J., & Hopf, J.M. 

   (2008). Rapid recurrent processing gates awareness in  

   primary visual cortex. Proceedings Of National Academy Of 

   Science USA, 105, 8742-8747. 

 

Bogarts, B. (1997). The temporolimbic system theory of positive 

   schizophrenic symptoms. Schizophrenia Bulletin, 23, 423-435. 

 

Botvinik, M., Nystrom, L.E., Fissel, K., Carter, C.S., & Cohen, 

J.D. (1999). Conflict monitoring versus selection-for-action 

in anterior cingulate cortex, Nature, 402(6758), 179-181. 

 

Brink, T.L. (2008). Psychology: A student friendly approach. 

   The Nervous System, Unit 4, 61. 

 

Brooks, V.B. (1986). The Neural Basis Of Motor Control, New  

   York:Oxford University Press. 

 

Brown, J.W., & Braver, T.S. (2005). Learned prediction of error 

   likelihood in the anterior cingulate cortex. Science, 307,  

   1118-1121. 

 

Brown, S., & Shafer, E. (1888). An investigation into the  

   functions of the occipital and temporal lobes of the monkey 

   brain. Philosophical Transactions Of The Royal Society Of 

   London:Biological Sciences, 179, 303-327. 

 

Bruce, C.J., Desimone, R., & Gross, C.G. (1982). Visual 

properties of neurons in a polysensory area in superior 

temporal sulcus of the macaque. Journal Of Neurophysiology, 

46, 369-384. 

 

Bruce, C.J., Desimone, R., & Gross, C.G. (1986). Both striate 

and superior colliculus contribute to visual properties of 

neurons in superior polysensory area of macaque monkey. 



Journal Of Neurophysiology, 58, 1057-1076. 

 

Bruno, S.O., Barter, G.J., Cercignani, M., Symms, M., & Ron, M. 

A. (2004). A study of bipolar disorder using magnetization 
transfer imaging and voxel-basic morphometry. Brain, 127, 

2433-2440. 

 

Buchanan, T.W., Tranel, D., & Adolphs, R. (2009). In: The Human  

   Amygdala, P.J.Whalen & E.A.Phelps (Eds.), 289-318, New York: 

   Guilford Press. 

 

Budhani, S., Marsh, A.A., Pine, D.S., & Blair, R.J. (2007). 

   Neural correlates of response reversal: Considering  

   acquisition. Neuroimage, 34(4), 1754-1755. 

 

Bunnell, B.N. (1966). Amygdaloid lesions and social dominance in 

   the hooded rat. Psychonomic Science, 6, 93-94. 

 

Burlet, S., Tyler, C.J., & Leonard, C.S. (2002). Direct and  

   indirect excitation of laterodorsal tegmental neurons by  

   hypocretin/orexin peptides: Implication for wakefulness and 

   narcolepsy. Journal Of Neuroscience, 22(7), 2862-2872. 

 

Burton, H., & Jones, E.G. (1976). The posterior thalamic region  

   and its cortical projection in New World and Old World  

   Monkeys. Journal Of Comparative Neurology, 168, 249-302. 

 

Bush, G., Frazier, J.A. Rauch, S.E., et al (1999). Anterior 

cingulate cortex dysfunction in attention-deficit/ 

hyperactivity disorder revealed by fMRI and the Counting 

Stroop. Biological Psychiatry, 45(12), 1542-1552. 

 

Bush, G., Luu, P., & Posner, M.I. (2000). Cognitive and 

emotional influences in anterior cingulate cortex. Trends In 

Cognitive Science, 4(6), 215-222. 

 

Bush, G., Vogt, B.A., Holmes, J., et al (2002). Dorsal anterior 

cingulate cortex: A role in reward-based decision making. 

Proceedings Of The National Academy Of Sciences USA, 99(1), 

523-528. 

 

Butter, C.M., Snyder, D.R., & McDonald, J.A. (1970). Effects of 

orbital frontal lesions on aversive and aggressive behaviors 

in rhesus monkeys. Journal Of Comparative And Physiological 

Psychology, 72, 132-144. 

 

Buttner-Ennever, J., & Holstege, G. (1986). Anatomy of premotor 



centers in the reticular formation controlling oculomotor, 

skeletomotor, and autonomic motor systems, In: H.J.Freund, 

U.Buttner, B.Cohen, & J.Noth (Eds.), The oculomotor and 

skeletal motor systems: Differences and similarities, Progress 

In Brain Research, 64, 89-98, Elsevier:Amsterdam,. 

 

Carter, C.S., Braver, T.S., Barch, D.M., Botvinik, M.M., Noll,  

   D., & Cohen, J.D. (1998). Anterior cingulate cortex, error 

   detection, and the online monitoring of performance. Science, 

   280(5364), 747-749. 

 

Cavada, C. (1984). Transcortical sensory pathways to the  

   prefrontal cortex with special attention to the olfactory and 

   visual modalities. In: F.Reinoso-Suarez & Ajmone-Marsan  

   (Eds.), Cortical Integration, 317-328, New York:Raven Press. 

  

Caviness, V.S., Kennedy, D.N., Richelme, C., et al (1996). The  

   human brain age 7-11 years: A volumetric analysis based upon 

   magnetic resonance images. Cerebral Cortex, 6, 726-736. 

 

Coe, B., Tomahara, K., Matsuzawa, M., & Hikosaka, O (2002). 

Visual and anticipatory bias in three cortical eye fields of 

the monkey during an adaptive decision-making task. Journal Of 

Neuroscience, 22, 5081-5090.  

 

Compton, R.J., Tobinson, M.D., Ode, S.I., Quandt, L.C., Fineman, 

   S.L., & Carp, J. (2008). Error-monitoring ability predicts  

   daily stress regulation. Psychological Science, 19, 702-708. 

 

Crick, F., & Koch, C. (1995). Are we aware of neural activity 

   in primary visual cortex? Nature, 375, 121-123. 

 

Crick, F., & Koch, C. (2003). A framework for consciousness. 

   Nature Neuroscience, 6(2), 119-126. 

 

Critchley, H.D. (2005). Neural mechanisms of autonomic,  

   affective, and cognitive integration. Journal Of Comparative 

   Neurology, 493(1), 154-166. 

 

Critchley, H.D., Mathiaz, C.J., Josephs, O., O’Doherty, J., 

   Zanini, S., Dewar, B.K., Cipolotti, L., Shallice, T., &  

   Dolan, R.J. (2003). Human cingulate cortex and autonomic 

   control: Converging neuroimaging and clinical evidence. 

   Brain, 126(10), 2139-2152. 

 

Daltrozzo, J., Wioland, N., Mutschler, V., Lutun, P., Jaeger,  

   A., Calon, B., Meyer, A., Pottecher, T., Lang, S., &  



   Kotchoubey, B. (2009). Cortical information processing in  

   coma. Cognitive And Behavioral Neurology, 22(1), 53-62. 

 

Daltrozzo, J., Wioland, N., Mutschler, V., Lutun, P., Jaeger,  

   A., Calon, B., Meyer, A., Pottecher, T., Lang, S., &  

   Kotchoubey, B. (2010). Electrodermal response in coma and  

   other low response patients. Neuroscience Letters, 475(1), 

   44-47. 

  

Damasio, A.R. (1995). Descartes Error: Emotion, Reason And The 

   Human Brain. New York,NY:G.P.Putnam’s Sons. 

 

Damasio, A.R., & Van Hoesen, G.W. (1980). Structure and function 

   of the supplementary motor area. Neurology (New York), 30, 

   359. 

 

Davidson, R.J., Irwin, W., Anderle, M.J., & Kalin, N.H. (2003). 

   The neural substrates of affective processing in depressed  

   patients treated with venlafaxine. American Journal Of  

   Psychiatry, 160, 64-75. 

 

Davis, M., Hitchcock, J.M., & Rosen, J.B. (1991). Neural  

   mechanisms of fear conditioning measured with the acoustic 

   startle reflex. In: J.Madden IV (Ed.), Learning Biology Of  

   Learning, Emotion And Affect, 67-96, New York:Raven Press. 

 

Decety, J., & Jackson, P.L. (2004). The functional architecture 

   of human empathy. Behavioral And Cognitive Neuroscience  

   Reviews, 3, 71-100. 

 

Demertzi, A., Soddu, A., & Laureys, S. (2013). Consciousness  

   supporting networks. Current Opinion In Neurobiology, 23(2), 

   239-244. 

 

Desmedt, J.E. (1977). Active touch exploration of extrapersonal 

   space elicits specific electrogenesis in the right cerebral 

   hemisphere of intact right handed man. Proceedings Of The 

   National Academy Of Sciences, 74, 4037-4040. 

 

Deutch, A.Y., &  Roth, R.I. (1990). The determinants of stress-

induced activation of the prefrontal cortical dopamine system. 

In: N.B.M.Uylings, C.G.Van Eden, J.P.E.De Bruin, M.A.Corner, & 

M.G.P.Feenstra (Eds.), Progress In Brain Research, The 

Prefrontal Cortex, 85, 367-404. 

 

Dimond, S.J. (1976). Depletion of attentional capacity after  

   total commissurotomy in man. Brain, 99, 347-356. 



 

Dimond, S.J. (1979). Tactual and auditory vigilance in split- 

   brain man. Journal Of Neurology, Neurosurgery And Psychiatry, 

   42, 70-74. 

 

Dolan, R.J., Fletcher, P.C., McKenna, P., Friston, K.J., & 

   Frith, C.D. (1999). Abnormal neural integration related to 

   cognition in schizophrenia. Acta Psychiatry Scandinavia  

   Supplement, 395, 58-67. 

 

Donegan, N.H., et al (2003). Amygdala hyperactivity in  

   borderline personality disorder: Implications for emotional  

   dysregulation. Biological Psychiatry, 54(11), 1284-1293. 

 

Drevets, W.C., Ongur, D., & Price, J.L. (1998). Neuroimaging  

   abnormalities in the subgenual prefrontal cortex:  

   Implications for the pathophysiology of familial mood  

   disorders. Molecular Psychiatry, 3, 220-226, 190-191. 

 

Drevets, W.C., Price, J.L., Simpson, J.R. Jr, Todd, R.D.,  

   Reich, T., Vannier, M., & Raichle, M.E. (1997). Subgenual  

   prefrontal cortex abnormalities in mood disorders. Nature, 

   386(6627), 824-827. 

 

Drevets, W.C., Savitz, J., & Trimble, M. (2008). The subgenial 

anterior cingulate cortex in mood disorders. CNS Spectr., 

13(8), 663-681. 

 

Duffy, J.D., & Campbell III, J.J. (Eds.)(2001). Regional 

   Prefrontal Syndromes: A Theoretical And Clinical Review,  

   1st Ed., Washington,DC:American Psychiatric Publishing Inc. 

 

Egger, M.D., & Flynn, J.P. (1963). Effect of electrical  

   stimulation of the amygdala on hypothalamically elicited 

   attack behavior. Journal Of Neurophysiology, 26, 705-720. 

  

Elliott, R., Rubinsztein, J.S., Sahakian, B.J., & Dolan, R.J.  

   (2000). Selective attention to emotional stimuli in a verbal 

   go/no-go task: An fMRI study. Neuroreport, 11, 1739-1744. 

  

Etkin, A., Egner, T., Peraza, D.M., Kandel, E.A., & Hirsch, J. 

   (2006). Resolving emotional conflict: A role for the rostral 

   anterior cingulate cortex in modulating activity in the  

   amygdala. Neuron, 51(6), 871-882. 

 

Evans, B.M. (2003). Sleep, consciousness and the spontaneous and 

   evoked electrical activity of the brain. Is there a cortical 



   integrating mechanism? Neurophysiologie Clinique, 33, 1-10. 

 

Fahrenfort, J.J., Scholte, H.S., & Lamme, V.A. (2007). Masking 

   disrupts reentrant processing in human visual cortex.  

   Journal Of Cognitive Neuroscience, 19, 1488-1497. 

 

Frank, M.J., Seeberger, L.C., & O’Reilly, R.C. (2004). By carrot 

or by stick: Cognitive reinforcement learning in Parkinsonism. 

Science, 306(5703), 1940-1943. 

 

Fuster, J.M. (1989). The Prefrontal Cortex, New York:Raven  

   Press. 

  

Fuster, J.M. (1990a). Behavioral electrophysiology of the  

   prefrontal cortex of the primate. In: H.B.M.Uylings, C.G.Van 

   Eden, J.P.E.DeBruin, M.A.Corner, & G.P.Feenstra (Eds.),  

   Progress In Brain Research: The Prefrontal Cortex, 85, 313- 

   324, Amsterdam:Elsevier. 

 

Fuster, J.M. (1990b). Neuronal discrimination and short-term  

   memory in association cortex. In: A.B.Scheibel & A.F.Wechsler 

   (Eds.), Neurobiology Of Higher Cognitive Function, 85-102, 

   New York:The Guilford Press. 

 

Fuster, J.M. (1997). The Prefrontal Cortex. Anatomy, Physiology, 

and Neuropsychology of the Frontal Lobe, 3rd ed, New 

York:Lippincott-Raven. 

 

Fuster, J.M. (2000). Cross-modal and cross-temporal association 

in neurons of frontal cortex. Nature, 405, 347-351. 

 

Fuster, J.M. (2008). The Prefrontal Cortex, 45th ed, London: 

   Academic Press. 

 

Ganguli, I. (2007). Watching the brain lie: Can fMRI replace the 

   polygraph? The Scientist, 21, 40. 

 

Ganong, W.F. (1988). Review Of Medical Physiology, Los Altos, 

   California:Lange. 

 

Garavan, H., Ross, T.J., Murphy, K., Roche, R.A.P., & Stein,  

   E.A. (2002). Dissociable executive functions in the dynamic 

   control of behavior: Inhibition, error detection, and  

   correction. Neurolimage, 17, 1820-1829. 

 

Garcia-Rill, E. (1997). Disorders of the reticular activating 

   system. Medical Hypotheses, 49(5), 379-387. 



 

Garcia-Rill, E., Heister, D.S., Ye, M., Charlesworth, A., & 

   Hayar, P. (2007). Electrical coupling: Novel mechanism for  

   sleep-wake control. Sleep, 30(11), 1405-1414. 

 

Gasbarri, A., & Tomaz, C. (2012). Memory and motivational/ 

   emotional processes. Frontiers Of Behavioral Neuroscience, 6, 

   71. 

 

Gehring, W.J., Goss, B., Coles, M.G.H., Meyer, D.E., & Donchin, 

   E. (1993). A neural system for error-detection and  

   compensation. Psychological Science, 4(6), 385-390. 

 

George, M.S., Ketter, T.A., Parekh, P.I., Horwitz, B.,  

   Hirscovitch, R., & Post, R.M. (1995). Brain activity during  

   transient sadness and happiness in healthy women. American  

   Journal Of Psychiatry, 152, 341-351. 

 

Gershenson, C., & Heylighen, F. (2004). How can we think the  

   Complex. In K.Richardson (Ed.), Managing The Complex Volume 

   One: Philosophy, Theory And Application, Image Age Publishers 

   http://cogprints.ecs.soton.ac.uk/archive/00003439/ 

 

Gillath, O., Bunge, S.A., Shaver, P.R., Wendelken, C., &  

   Mikulincer, M. (2005). Attachment-style differences in the  

   ability to suppress negative thoughts: Exploring the neural 

   correlates. Neuroimage, 28, 835-847. 

 

Gloor, P. (1960). Amygdala. In: J.Field (Ed.), Handbook Of  

   Physiology, Washington,DC:American Physiological Society,  

   300-370. 

 

Goldberg, G. (1985). Supplementary motor area structure and  

   function: Review and hypothesis. The Behavioral And Brain 

   Sciences, 8, 567-616. 

 

Goldman-Rakic, P.S. (1990). Cellular and circuit basis of  

   working memory in prefrontal cortex of nonhuman primates. In 

   H.B.M.Uylings, C.G.Van Eden, J.P.E.DeBruin, M.A.Corner, &  

   M.G.P.Feenstra (Eds.), The prefrontal cortex, Progress In  

   Brain Research, 85, 325-336. 

 

Goldstein, J.M., et al (2001). Normal sexual dimorphism of the  

   adult human brain assessed by in vivo magnetic resonance  

   imaging. Cerebral Cortex, 11, 490-499. 

 

Gray, J.A. (1991). Neural systems, emotion and personality: In: 

http://cogprints.ecs.soton.ac.uk/archive/00003439/


   J.Madden IV (Ed.), Neurobiology Of Learning, Emotion And  

   Affect, 273-306, New York:Raven Press. 

 

Groenewegen, H.J., Berendse, H.W., Walters, J.G., & Lohman, A.H. 

   M. (1990). The anatomical relationship of the prefrontal  

   cortex with the striatopallidal system, the thalamus and the 

   amygdala: Evidence for a parallel organization. In: H.B.M.  

   Uylings, C.G.Van Eden, J.P.E.DeBruin, M.A.Corner, & M.G.P.  

   Feenstra (Eds.), The Prefrontal Cortex, Progress In Brain  

   Research, 85, 95-118. 

 

Gunne, L.M., & Lewander, T. (1966). Monoamine in brain and  

   adrenal glands of cats after electrically induced defense 

   reactions. Acta Physiologica Scandinavica, 67, 405-410. 

 

Hale, J.B., & Fiorello, C.A. (2004). School Neuropsychology: A 

   Practitioner’s Handbook, New York:Guilford Press. 

 

Hannaman, R.A. (2005). Medstudy Internal Medicine Review Core 

   Curriculum: Neurology 11th Ed. Medstudy, (11-1)-(11-2). 

 

Hecaen, H., & Albert, M.L. (1978). Human Neuropsychology. New 

   York:John Wiley & Sons. 

 

Heilman, K.M. (1973). Ideational apraxia. Brain, 96, 861-864. 

 

Heilman, K.M., & Van Den Abell, T. (1979). Right hemispheric  

   dominance for mediating cerebral activation.  

   Neuropsychologia, 17, 315-322. 

 

Heilman, K.M., & Van Den Abell, T. (1980). Right hemisphere 

   dominance for attention. The mechanism underlying hemispheric 

   asymmetries of inattention (neglect). Neurology (New York), 

   30, 327-330. 

 

Helmuth, L. (2003). Fear and trembling in the amygdala. Science, 

   300, 568-569. 

 

Hier, D.B., Mondlock, J., & Caplan, L.R. (1983). Behavioral  

   abnormalities after right hemisphere stroke. Neurology (New 

   York), 33, 337-344. 

 

Hillis, A.E., Newhart, M., Kessler, J., Barker, P.B.,  

   Herskovits, E.H., & Degaonkar, M. (2005). Anatomy of spatial 

   attention: Insights from perfusion imaging and hemispatial 

   neglect in acute stroke. Journal Of Neuroscience, 25, 3161- 

   3167. 



 

Hillis, A.E., Wityk, R.J., Barker, P.B., Beauchamp, N.J.,  

   Gailloud, P., Murphy, K., Cooper, O., & Mitter, E.J. (2002). 

   Subcortical aphasia and neglect in acute stroke: The role of 

   cortical hypoperfusion. Brain, 125, 1094-1104. 

 

Holroyd, C.B., Nieuwenhuis, S., Mars, R.B., & Coles M.G.H. 

(2004). Anterior cingulate cortex, selection for action, and 

error processing. In: M.I.Posner (Ed.), Cognitive Neuroscience 

Of Attention, 219-231, New York:Guilford Publication Inc. 

 

Hudetz, A.G. (2006). Suppressing consciousness: Mechanisms of 

general anesthesia. Perioperative Medicine And Pain, 25(4), 

196-204. 

 

Husain, M. (2008). Hemineglect. Scholarpedia, 3(2), 3681. 

 

Husain, M., & Kennard, C. (1996). Visual neglect associated with 

   frontal lobe infarction. Journal Of Neurology, 243, 652-657. 

 

Hutcherson, C.A., Seppala, E.M., & Gross, J.J. (2008). Loving- 

   kindness meditation increases social-connectedness. Emotion, 

   8(5), 720-724. 

 

Hyland, B., Chen, D.R., Maier, V., Palmeri, A., & Wiesendanger, 

   M. (1989). What is the role of the supplementary motor area  

   in movement initiation? In: J.H.J.Allum & M.Hulliger (Eds.), 

   Afferent control of posture and locomotion, Progress In  

   Brain Research, 80, 431-436. 

 

Hyvarinen, J., & Shelepin, Y. (1979). Distribution of visual and 

somatic functions in the parietal association cortex of the 

monkey. Brain Research, 169, 561-564. 

 

Imas, O.A., Ropella, K.M., Ward, B.D., Wood, J.D., & Hudetz, 

A.G. (2005). Volatile anesthetics disrupt frontal-posterior 

recurrent information transfer at gamma frequencies in rats. 

Neuroscience Letters, 387(3), 145-150. 

 

Jackson, P.L., Brunet, E., Meltzoff, A.N., & Decety, J. (2006). 

   Empathy examined through the neural nechanisms involved in  

   imagining how I feel versus how you feel pain: An event- 

   related fMRI study. Neuropsychologia, 44, 752-761. 

 

John, P.J. (2009). Frontal-temporal dysfunction in  

   schizophrenia: A selective review. Indian Journal Of  

   Psychiatry, 51(3), 180-190. 



 

Johnson, T.N., Rosvold, H.E., & Mishkin, M. (1968). Projections 

   of behaviorally defined sectors of the prefrontal cortex to 

   the basal ganglia, septum, and diencephalon of the monkey. 

   Experimental Neurology, 21, 20-34. 

 

Jones, E.G., & Powell, T.P.S. (1970). An anatomical study of 

converging sensory pathways within the cerebral cortex of the 

monkey. Brain, 93, 793-820. 

 

Joseph, R. (1982). The neuropsychology of development:  

   Hemispheric laterality, limbic language, and the origin of  

   thought. Journal Of Clinical Psychology, 44, 3-33. 

 

Joseph, R. (1986). Confabulation and delusional denial: Frontal 

   lobe and lateralized influences. Journal Of Clinical  

   Psychology, 42, 845-860. 

 

Joseph, R. (1988a). The right cerebral hemisphere: Emotion, 

music, visual-spatial skills, body-image, dreams, and 

awareness. Journal Of Clinical Psychology, 44, 630-673. 

 

Joseph, R. (1988b). Dual mental functioning in a “split-brain” 

patient. Journal Of Clinical Psychology, 44, 770-779. 

 

Joseph, R. (1990). Neuropsychology, Neuropsychiatry, and 

Behavioral Neurology, New York:Plenum Press. 

 

Joseph, R. (2000). Neuropsychiatry, Neuropsychology, Clinical  

   Neuroscience, New York:Academic Press. 

 

Kaada, B.R. (1951). Somato-motor, autonomic and electrocortical 

   responses to electrical stimulation of “rhinencephalon” and 

   other structures in primates, cat, and dog. Acta Physiologica 

   Scandinavica (Supplement), 24, 1-170. 

 

Kaada, B.R. (1972). Cingulate, posterior orbital, anterior  

   insular and temporal pole cortex. In: J.Field, H.W.Magoun, & 

   V.A.Hall (Eds.), Handbook Of Physiology, 2, 1345-1372,  

   Washington,DC:American Physiological Society. 

 

Kalisch, R., Wiech, K., Critchley, H.D., Seymour, B., O’Doherty, 

   J.P., Oakley, D.A., et al (2005). Anxiety reduction through 

   detachment: Subjective, physiological, and neural effects. 

   Journal Of Cognitive Neuroscience, 17, 874-883. 

 

Kapp, B.S., Wilson, A., Pascoe, J.P., Supple, W., & Whalen, P.J. 



   (1990). A neuroanatomical systems analysis of conditioned 

   bradycardia in the rabbit. In: M.Gabriel & J.Moore (Eds.), 

   Learning And Computational Neuroscience: Foundations of  

   adaptive networks, 53-90, Cambridge Massachusetts:The MIT  

   Press. 

 

Kim, M., Na, D.L., Kim, G.M., Adair, J.C., Lee, K.H., & Heilman,  

   K.M. (1999). Ipsilesional neglect: Behavioral and anatomical 

   features. Journal Of Neurology, Neurosurgery & Psychiatry,  

   67, 35-38. 

 

Kinomura, S., Larsson, J., Gulyas, B., & Roland, P.E. (1996). 

   Activation by attention of the human reticular formation  

   and thalamic intralaminar nuclei. Science, 271(5248),  

   512-515. 

 

Kissin, B. (1986). Conscious And Unconscious Programs In The 

   Brain, New York:Plenum Press. 

 

Kling, A., & Steklis, H.D. (1976). A neural substrate for 

   affiliative behavior in nonhuman primates. Brain Behavior  

   And Evolution, 13, 216-238. 

 

Kluver, H., & Bucy, P. (1939). Preliminary analysis of function  

   Of the temporal lobe in monkeys. Archives Of Neurology, 42,  

   979-1000. 

 

Koch, C. (1998). The neuroanatomy of visual consciousness. In:  

   H.H.Jasper, L.Descarries, V.F.Costelluchi, & S.Rossignol  

   (Eds.), Advances In Neurology, Consciousness At The  

   Frontiers Of Neuroscience, 77, 229-239, New York:Lippincott- 

   Raven. 

 

Kolb, B. (1990). Animal models for human PFC-related disorders.  

   In: H.B.M.Uylings, C.G.Van Eden, J.P.C.DeBruin, M.A.Corner, & 

   M.G.P.Feenstra (Eds.), Progress In Brain Research:The  

   prefrontal cortex, 85, 501-538, Amsterdam:Elsevier. 

 

Kolb, B., Nonneman, A.J., & Singh, A.R. (1974). Double 

   dissociation of spatial impairments and perseveration  

   following selective prefrontal lesions in rats. Journal Of 

   Comparative And Physiological Psychology, 87, 772-780. 

 

Kringlebach, M.L. (2005). The orbitofrontal cortex: Linking  

   reward to hedonic experience. Nature Reviews Neuroscience, 6,  

   691-702. 

 



Kringelbach, M.L., & Rolls, E.T. (2004). The functional  

   neuroanatomy of the human orbitofrontal cortex: Evidence  

   from neuroimaging and neuropsychology. Progress In 

   Neurobiology, 72(5), 341-372. 

 

Ku, S., Lee, U., Noh, G., Jun, I., & Mashour, G.A. (2011). 

   Preferential inhibition of frontal-to-parietal feedback  

   connectivity is a neurophysiologic correlate of general  

   anesthesia in surgical patients. PLoS/One, 6(10). 

 

Lamme, V.A., & Roelfsema, P.R. (2000). The distinct modes of  

   vision offered by feedforward and recurrent processing. 

   Trends Of Neuroscience, 23, 571-579. 

 

Lane, R.D., Reiman, E.M., Axelrod, B., Yun, L.S., Holmes, A., & 

   Schwartz, G.E. (1998). Neural correlates of levels of  

   emotional awareness: Evidence of an interaction between 

   emotion and attention in the anterior cingulate cortex. 

   Journal Of Cognitive Neuroscience, 10(4), 525-535. 

 

Lanteaume, L., Khalfa, S., Regis, J., Marquis, P., Chauvel, P., 

   & Bartolomei, F. (2007). Emotion induction after direct  

   intracerebral stimulation of human amygdala. Cerebral Cortex, 

   17(6), 1307-1313. 

 

Lapitskaya, N., Gosseries, O., De Pasqua, V., Pederson, A.R.,  

   Nielsen, J.F., de Noordhout, A.M., & Laureys, S. (2013).  

   Abnormal corticospinal excitability in patients with  

   disorders of consciousness. Brain Stimulation, preprint. 

 

Laplante, F., Morin, Y., Quirion, R., & Vaucher, E. (2005). 

   Acetylcholine release is elicited in the visual cortex, but 

   not in the prefrontal cortex, by patterned visual  

   stimulation: A dual in vivo microdialysis study with  

   functional correlates in the rat. Neuroscience, 132(2), 501- 

   510. 

 

LeDoux, J.C. (1990). Information flow from sensation to emotion: 

   Plasticity in the neural computation of stimulus value. In: 

   M.Gabriel & J.Moore (Eds.), Learning And Computational 

   Neuroscience:Foundations Of Adaptive Networks, 3-52,  

   Cambridge Massachusetts:The MIT Press. 

 

Lee, U., Kim, S., Nok, G., Choi, B., Hwang, E., & Mashour, G.A. 

   (2009). The directionality and functional organization of  

   frontalparietal connectivity during consciousness and  

   anesthesia in humans. Consciousness And Cognition, 18(4), 



   1069-1078. 

 

Licter, D.G., & Cummings, J.L. (2001). Frontal-subcortical 

   circuits in psychiatric and neurological disorders. New York: 

   Guilford Press. 

    

Lishman, W.A. (1973). The psychiatric sequelae of head injury: A 

   review. Psychological Medicine, 3, 304-318. 

 

Liversedge, T., & Hirsch, N. (2010). Coma. Anesthesia &  

   Intensive Case Medicine, 11(9), 337-339. 

 

Luck, S.J., & Vogel, E.K. (1997). The capacity of visual working  

   memory for features and conjunctions. Nature, 390, 279-281. 

 

Luria, A.R. (1980). Higher Cognitive Functions In Man, New York: 

Basic Books. 

 

Luu, P., & Pederson, S.M. (2004). The anterior cingulate cortex: 

Regulating actions in context. In: M.I.Posner (Ed.), Cognitive 

Neuroscience Of Attention, New York:Guilford Publication Inc. 

 

Maclean, P.D. (1969). The hypothalamus and emotional behavior. 

In: W.Haymaker (Ed.), The Hypothalamus, 127-167, Springfield, 

IL.:Charles C. Thomas. 

 

Maier, S.F. (1991). Stressor controllability, control and fear. 

   In: J.Madden IV (Ed.), Neurobiology Of Learning, Emotion And 

   Affect, 155-194, New York:Raven Press. 

 

Mann, S.E., Thau, R., & Schiller, P.H. (1988). Conditional task- 

   related responses in monkey dorsomedial frontal cortex.  

   Experimental Brain Research, 69, 460-468. 

 

Maren, S. (1999). Long-term potentiation in the amygdale: A  

   mechanism for emotional learning and memory. Trends In  

   Neuroscience, 22(12), 561-567. 

  

Marshall, J.R., & Teitelbaum, P. (1974). Further analysis of  

   sensory inattention following lateral hypothalamic damage in 

   rats. Journal Of Comparative And Physiological Psychology,  

   86, 375-395. 

 

Mattingley, J.B. (1999). Attention, consciousness, and the  

   damaged brain: Insights from parietal neglect and extinction. 

   Psyche, 5, 14. 

 



Mauss, I.B., & Robinson, M.D. (2009). Measures of emotion: A  

   review. Cognition And Emotion, 23, 209-237. 

 

Mayberg, H.S., Liotti, M., Brannan, S.K., et al (1999).  

   Reciprocal limbic-cortical function and negative mood:  

   Converging PFJ findings in depression and normal sadness. 

   American Journal Of Psychiatry, 156, 675-682. 

 

Mayberg, H.S., Lozano, A.M., Voon, V., et al (2005). Deep brain 

   stimulation for treatment-resistant depression. Neuron,  

   45(5), 651-660. 

 

McClamrock, R. (1992). Irreducibility and subjectivity.  

   Philosophical Studies, 67, 177-192. 

 

McCrone, J. (2001). Subjective systems-how complexity science  

   gives a new way of looking at the mind/body problem. 

   http://www.btinternet.com/-neuronaut/webtwo_features- 

   complexity.htm 

 

Mehta, Z., Newcombe, F., & Damasio, H. (1987). A left hemisphere 

   contribution to visiospatial processing. Cortex, 23, 447-451. 

 

Meyer, C., MacElhaney, M., Martin, W., & MacGraw, C.P. (1973). 

   Stereotaxic cingulotomy with results of acute stimulation and 

   and serial psychological testing. In: L.V.Laitinen & K.E. 

   Livingston (Eds.), Surgical Approaches To Psychiatry, 38-57,  

   Lancaster:Medical Publishing Co. 

 

Morton, B.E., & Rafto, S.E. (2010). Behavioral laterality  

   advance: Neuroanatomical evidence for the existence of  

   hemisity. Personality And Individual Differences, 49, 34-42. 

 

Murray, E.A., et al (2009). Amygdala function in positive  

   reinforcement. The Human Amygdala, New York:Guilford Press. 

 

Myers, R.E., Swett, C., & Miller, M. (1973). Loss of social 

   group affinity following prefrontal lesions in free-ranging  

   macaques. Brain Research, 64, 257-269. 

 

Nachev, P. (2006). Cognitive and medial frontal cortex in health 

   and disease. Current Opinion In Neurology, 19(6), 586-592. 

 

Nathan, P., Phan, L., Fitzgerald, D., & Tancer, M. (2006).  

   Studying brain activity could aid diagnosis of social phobia. 

   Science Daily, http://wwn.sciencedaily.com/releases/2006/01/ 

   060118205940.htm 

http://www.btinternet.com/-neuronaut/webtwo_features-
http://wwn.sciencedaily.com/releases/2006/01/


 

Newman, D.V. (1997). Chaos, emergence, and the mind-body  

   problem. Australasian Journal Of Philosophy, 79(2), 180-196. 

 

Nieuwenhuis, S., Riderinkhof, K.R., Blom, J., Band, G.P., & Kok, 

A. (2001). Error-related brain potentials are differentially 
related to awareness of response errors: Evidence from an 

antisaccade task. Psychophysiology, 38(5), 752-760. 

 

O’Brien, G., & Opie, J. (1999). A connectionist theory of  

   phenomenal experience. Behavioral Brain Science, 22, 127-148. 

 

Ochsner, K.N., Ray, R.D., Cooper, J.C., Robertson, E.R., Chopea, 

   S., Gabrieli, J.D.E., & Gross, J.J. (2004). For better or for 

   worse: Neural systems supporting the cognitive down- and up- 

   regulation of negative emotions. Neurolimage, 23, 483-499. 

 

Orgogozo, J.M., & Larsen, B. (1979). Activation of the  

   supplementary motor area during voluntary movement in man  

   suggest it works as a supramodal motor area. Science, 206, 

   847-850. 

  

Olds, J., & Milner, P. (1954). Positive reinforcement produced 

   by electrical stimulation of septal areas and other regions 

   of the rat brain. Journal Of Comparative And Physiological 

   Psychology, 47, 419-427. 

 

Olds, M.E., & Forbes, J.L. (1981). The central basis of  

   motivation: Intracranial self-stimulation studies. Annual 

   Review Of Psychology, 32, 523-574. 

 

Ongur, D., Fersy, A.T., & Price, J.L. (2003). Architectonic 

   subdivision of the human orbital and medial prefrontal  

   cortex. Journal Of Comparative Neurology, 460, 425-449. 

 

Ongur, D., Drevets, W.C., & Price, J.L. (1998). Glial reduction  

   in the subgenual prefrontal cortex in mood disorders.  

   Proceedings Of The National Academy Of Sciences USA, 95(22), 

   13290-13295. 

 

Oscar-Berman, M. (1975). The effects of dorsolateral-frontal and 

   ventrolateral orbitofrontal lesions on spatial  

   discrimination learning and delayed response in two  

   modalities. Neuropsychologia, 13, 137-146. 

 

Osuch, E.A., Ketter, T.A., Kimbrell, T.A., George, M.S., Benson, 

   B.A., Willis Peter, M.W., Herscovitch, R., & Post, M. (2000). 



   Regional cerebral metabolism associated with anxiety symptoms  

   in affective disorder patients. Biological Psychiatry, 48(1), 

   1020-1023. 

 

Pandya, D.N., & Kuypers, H.G.J.M. (1969). Corticocortical 

   connections in the rhesus monkey. Brain Research, 13, 13-36. 

 

Pandya, D.N., & Yeterian, E.M. (1990). Prefrontal cortex in  

   relation to other cortical areas in rhesus monkey:  

   Architecture and Connection. In: H.B.M.Uylings, C.G.Van  

   Eden, J.P.E.DeBruin, M.A.Corner, & M.G.P.Feenstra (Eds.), 

   The prefrontal cortex, Progress In Brain Research, 85, 63-92. 

 

Pardo, J.V., Pardo, P.J., Janer, K.W., & Raichle, M.E. (1990).  

   The anterior cingulate cortex mediates processing selection 

   in the Stroop attentional conflict paradigm. Proceedings Of 

   The National Academy Of Science USA, 87(1), 256-259. 

 

Pare, D., Collins, D.R., & Pelletier, J.G. (2002). Amygdala  

   oscillations and the consolidation of emotional memories. 

   Trends In Cognitive Sciences, 6(7), 306-314. 

 

Paton, J.J., Belova, M.A., Morrison, S.E., & Salzman, C.D.  

   (2006). The primate amygdala represents the positive and 

   negative value of visual stimuli during learning. Nature, 

   439, 865-870. 

 

Perryman, K.M., Kling, A.S., & Lloyd, R.L. (1987). Differential 

   effects of inferior temporal cortex lesions upon visual and 

   auditory-evoked potentials in the amygdala of the squirrel 

   monkey. Behavioral And Neural Biology, 47, 73-79. 

 

Petrides, M., & Pandya, D.N. (1999). Dorsolateral prefrontal  

   cortex: Comparative cytoarchitectonic analysis in the human 

   and the macaque brain and corticocortical connection  

   patterns. European Journal Of Neuroscience, 11, 1011-1036. 

 

Petrides, M., & Pandya, D.N. (2007). Efferent association  

   pathways from the rostral prefrontal cortex in the macaque 

   monkey. Journal Of Neuroscience, 27, 11573-11586. 

 

Pezawas, L., Meyer-Lindenburg, A., Dabrant, E.M., Verchinski,  

   B.A., Munoz, K.E., Kolachans, B.S., Egan, M.F., Mattay, V.S., 

   Hariri, A.R., & Weinberger, D.R. (2005). 5-HTTLPR  

   polymorphism impacts human cingulate-amygdala interactions: A  

   genetic susceptivity mechanism for depression. Nature  

   Neuroscience, 8(6), 828-834. 



 

Pfister, T., Li, X., Zhao, G., & Pietikainen, M. (2011). 

   Recognizing spontaneous facial-microexpressions, Poster  

   Presented At International Conference On Computer Vision 

   (ICCV). 

 

Phan, K.L., Wager, T.D., Taylor, S.F., & Liberzon, I (2002). 

   Functional neuroanatomy of emotion: A meta-analysis of  

   emotion activation studies in PET an fMRI. Neurolimage, 16, 

   331-348. 

 

Phelps, E.A., Delgado, M.R., Nearing, K.I., & LeDoux, J.E.  

   (2004). Extinction learning in humans: Role of the amygdala  

   and vmPLC. Neuron, 43, 697-905. 

 

Philip, D.Z., & Miller, U. (2002). Executive function in typical  

   and atypical development, In: U.Goswam (Ed.), Blackwell  

   Handbook Of Child Cognitive Development. 

 

Phillips, M.L., Drevets, W.C., Rauch, S.L., & Lane, R. (2003a). 

   Neurobiology of emotion perception I: The neural basis of 

   normal emotion perception. Biological Psychiatry, 54(5), 

   504-514. 

 

Phillips, M.L., Drevets, W.C., Rauch, S.L., & Lane, R. (2003b). 

   Neurobiology of emotion perception II: Implications for  

   major psychiatric disorders. Biological Psychiatry, 54(5), 

   515-528. 

 

Polli, F.E., Barton, J.J., Cain, M.S., Thakkar, K.N., Rauch, 

   S.L., & Manoach, D.S. (2005). Rostral and dorsal anterior 

   cingulate cortex make dissociable contributions during 

   antisaccade error commission. Proceedings Of The National 

   Academy Of Sciences USA, 102(43), 15700-15705. 

 

Posner, M.I., & Digirolamo, G.F. (1998). Executive attention: 

   Conflict, target detection, and cognitive control. In: R. 

   Parasuraman (Ed.), The Attentive Brain, Cambridge,  

   Massachusetts:MIT Press. 

 

Powell, E.W. (1978). The cingulate bridge between allocortex,  

   isocortex, and thalamus. Anatomical Records, 190, 783-794. 

 

Powell E.W., Akagi, K., & Hatton, J.B. (1974). Subcortical 

   projections of the cingulate gyrus in the cat. Journal De 

   Hirnforsch, 15, 269-278. 

 



Preston, E. (2002). Detecting deception. Observer, 15(6). 

 

Preuss, T.M., & Goldman-Rakic, P.S. (1991). Myelo- and  

   cytoarchitecture of the granular frontal cortex and  

   surrounding regions in the strepsirhine primate Galago and  

   the anthropoid primate Macaca. Journal Of Comparative  

   Neurology, 310, 429-474. 

 

Prinz, J.J. (2003). A Neurofunctional Theory Of Consciousness. 

   On his personal website. 

 

Raichle, M.E., Fiez, J.A., Videen, T.O., et al (1994). Practice- 

   related changes in human brain functional anatomy during  

   nonmotor learning. Cerebral Cortex, 4(1), 8-26. 

 

Rang, H.P. (2003). Pharmacology, 474,476,480,483, Edinburgh:  

   Churchill Livingstone. 

 

Rauch, S.L., & Drevets, W.C. (2008). Neuroimaging and the  

   neuroanatomy of stress-induced and fear circuitry disorders: 

   The agenda for future research. In: G.Andrews, D.S.Chaney, 

   P.J.Sirovaika, & D.A.Regier (Eds.), Stress-Induced And  

   Fear Circuitry Disorders:-Refining The Research Agenda For 

   DSM-V, Washington,DC:American Psychiatric Association,  

   235-278. 

 

Rauch, S.L., Shin, L.M., & Phelps, E.A. (2006). Review  

   neurocircuitry models of posttraumatic stress disorders and  

   extinction: Human neuroimaging research-past, present, and 

   future. Biological Psychiatry, 60(4), 376-382. 

 

Rees, G. (2001). Neuroimaging of visual awareness in patients 

   and normal subjects. Current Opinion In Neurobiology, 11, 

   150-156. 

 

Rees, G., Wojciulik, E., Clarke, K., Husain, M., Frith, C., & 

   Driver, J. (2000). Unconscious activation of visual cortex in 

   the damaged right hemisphere of a parietal patient with  

   extinction. Brain, 123(Pt 8), 1624-1633. 

 

Reiner, P.B. (1995) Are mesencephalic cholinergic neurons either 

   necessary or sufficient components of the ascending reticular  

   formation? Seminars In The Neurosciences, 7(5), 355-359. 

 

Ressler, K.J., & Mayberg, H.S. (2007). Targeting abnormal neural 

   circuits in mood and anxiety disorders: From the laboratory  

   to the clinic. Nature Neuroscience, 10(9), 1116. 



 

Ro, T., Breitmeyer, B., Burton, P., Singhal, N.S., & Lane, D. 

   (2003). Feedback contributions to visual awareness in human 

   occipital cortex. Current Biology, 13(12), 1038-1041. 

 

Robinson, B.W. (1967). Vocalizations evoked from forebrain in  

   Macaca mulatta. Physiology And Behavior, 2, 345-352. 

 

Robinson, M.D. (2007). Gassing, braking, and self-regulating:  

   Error self-regulation, well-being, and goal-related  

   processes. Journal Of Experimental Social Psychology, 43,  

   1-16. 

 

Roland, P.E., Larsen, B., Lassen, N.A., & Skinhoj, E. (1980).  

   Supplementary motor area and other cortical areas in  

   organization of voluntary movements in man. Journal Of 

   Neurophysiology, 43, 118-136. 

 

Roland, P.E., Skinhoj, E., Lassen, N.A., & Larsen, B. (1980). 

   Different cortical areas in man in organization of voluntary 

   movements in extrapersonal space. Journal Of Neurophysiology, 

   43, 137-150. 

 

Rolls, E.T., Hornak, J., Wade, D., & McGrath, J. (1994). 

   Emotion-related learning in patients with social and  

   emotional changes associated with frontal lobe damage.  

   Journal Of Neurology, Neurosurgery, & Psychiatry, 57, 1518- 

   1524. 

 

Rothwell, J., Bandar, Z., O’Shea. J., & McLean, D. (2006). 

   Silent talker: A new computer-based system for the analysis 

   of facial cues to deception. Journal Of Applied Cognitive  

   Psychology, 20(6), 757-777. 

 

Rowlands, M. (2002). Two dogmas of consciousness. Journal Of 

   Consciousness Studies, 9, 158-180. 

 

Rull, G. (2011). Delirium. Patient.co.uk. 

   Patient.co.uk/doctor/Acute-Confusional-state.htm 

 

Rushworth, M.F., Behrens, T.E., Rudebeck, P.H., & Walton, M.E. 

   (2007). Review contrasting roles for cingulate and  

   orbitofrontal cortex in decisions and social behavior. Trends 

   In Cognitive Science, 11(4), 168-176. 

 

Sanides, F. (1972). Representation in cerebral cortex. In: G.H. 

   Bourne (Ed.), The Structure And Function Of Nervous Tissue,  



   5, 329-453. Orlando:Academic Press. 

 

Sapolsky, R.M. (2003). Stress and plasticity in the limbic  

   system. Neurochemical Research, 28(11), 1735-1742. 

 

Sauerland, E.K., Nakamura, Y., & Clemente, C.D. (1967). The role 

   of the lower brainstem in cortically induced inhibition of 

   somatic reflexes in the cat. Brain Research, 6, 164-180. 

 

Sauguet, J., Benton, A.L., & Hecaen, H. (1971). Disturbances of 

   the body schema in relation to language impairment and  

   hemispheric locus of lesion. Journal Of Neurology,  

   Neurosurgery And Psychiatry, 34, 496-501. 

 

Schoenbaum, G., & Roesch, M. (2005). Review orbitofrontal  

   cortex, associative learning and expectancies. Neuron, 47(5), 

   633-636. 

 

Schultz, W. (1997). Dopamine neurons and their role in reward  

   mechanisms. Current Opinion In Neurobiology, 7, 191-197. 

 

Schutze, I., Knuepfer, M.M., Eismann, A., Stumpf, H., & Stock, 

   G. (1987). Sensory input to single neurons in the amygdala of 

   the cat. Experimental Neurology, 97, 499-515. 

 

Scott, A.C. (1996). The hierarchical emergence of consciousness.  

   In: S.R.Hameroff, A.W.Kaszniak, & A.C.Scott (Eds.), Toward A  

   Science Of Consciousness, The First Tucson Discussions And  

   Debates, 659-672, Cambridge,MA:MIT Press. 

 

Scott, A.C. (1999). Nonlinear Science: Emergence And Dynamics Of 

   Coherent Structures, Oxford:Oxford University Press. 

  

Scott, A.C. (2000). Modern Science Of The Mind, University of 

Arizona Course. 

 

Seltzer, B., & Pandya, D.N. (1978). Afferent cortical 

   connections and architectonics of the superior temporal 

   sulcus and surround cortex in the rhesus monkey. Brain 

   Research, 149, 1-24. 

 

Sheline, YI, Barch, D.M., Donnelly, J.M., Olinger, J.M., Snyder,  

   A.Z., & Mintum, M.A. (2001). Increased amygdala response to      

   masked emotional faces in depressed subjects resolves with 

   antidepressant treatment: An fMRI study. Biological  

   Psychiatry, 50(9), 651-658. 

 



Sieb, R.A. (1987). A proposed mechanism for the production of 

   skeletalmotor positioning movements by the basal ganglia. 

   Medical Hypotheses, 24, 209. 

 

Sieb, R.A. (1987). Skeletomotor subsystems. Medical Hypotheses,  

   24, 303-312. 

 

Sieb, R.A. (1989). Proposed mechanisms for cerebellar  

   coordination, stabilization, and monitoring of movements and 

   posture. Medical Hypotheses, 28, 225-232. 

      

Sieb, R.A. (1990). A brain mechanism for attention. Medical  

   Hypotheses, 33, 145-153. 

 

Sieb, R.A. (1995). Voluntary Action, 68-73, Edmonton,AB:R.A. 

   Sieb. 

 

Sieb, R.A. (2004). The emergence of consciousness. Medical 

   Hypotheses, 63(5), 900-904. 

 

Sieb, R.A. (2007). Consciousness and voluntary action. In: 

   S.K.Turrini (Ed.), Consciousness And Learning Research,  

   165-199, New York:Nova Science Publishers Inc. 

 

Sieb, R.A. (2011). Consciousness and adaptive behavior. 

   Activitas Nervosa Superior, 53(N.1-2), 21-26. 

 

Siegel, A., Fukushima, T., Meibach, R., Burke, L., Edinger, H.,  

   & Weiner, S. (1977). The origin of the afferent supply to the  

   mediodorsal thalamic nucleus: Enhanced HRP transport by  

   selective lesions. Brain Research, 135, 11-23. 

 

Siegel, J., & Wang, R.Y. (1974). Electroencephalographic, 

   behavioral, and single unit activity produced by stimulation 

   of forebrain inhibitory structures in cats. Experimental 

   Neurology, 42, 28-50. 

 

Skinner, J.E., & Yingling, C.D. (1977). Central gating  

   mechanisms that regulate event-related potentials and 

   behavior. In: J.Desmedt (Ed.), Attention, Voluntary 

   Contraction, And Event-Related Cerebral Potentials, 30-65, 

   Basel:S.Karger. 

 

Steriade, M. (1964). Development of evoked responses and self- 

   sustained activity within amygdalo-hippocampal circuits. 

   Electroencephalography And Clinical Neurophysiology, 16,  

   221-231. 



 

Steriade, M. (1995). Neuromodulatory systems of the thalamus 

   and neocortex. Seminars In The Neurosciences, 7(5), 361-370. 

 

Steriade, M. (1996). Arousal revisiting the reticular activating 

   system. Science, 272(5257), 225-226. 

 

Steriade, M., Jones, E.B., & Llinus, R.R. (1990). Thalamic  

   Oscillations And Signalling, New York:John Wiley & Sons, Inc. 

 

Strub, R.L., & Geschwind, N. (1983). Localization in Gerstmann  

   syndrome. In: A.Kertesz (Ed.), Localization In  

   Neuropsychology, 173-190, New York:Academic Press. 

 

Stuss, D.T., & Benson, F. (1984). Neuropsychological studies of 

   the frontal lobes. Psychological Bulletin, 95, 3-28. 

 

Stuss, D.T., Benson, D.F., Clermont, R., Della Molva, C.L., 

   Kaplane, E.F., & Weir, W.S. (1986). Language functioning  

   after bilateral prefrontal leucotomy. Brain Language, 28,  

   66-70. 

 

Stuss, K.T., & Levine, B. (2002). Adult clinical  

   neuropsychology: Lessons from studies of the frontal lobes. 

   Annual Review Of Psychology, 53, 401-433. 

 

Svorad, D. (1957). Reticular activating system of brainstem  

   and animal hypnosis. Science, 125(3239), 156. 

 

Swaab, D.F. (2007). Sexual differentiation of the brain and 

   behavior. Best Practice And Research Clinical Endocrinology 

   And Metabolism, 21(3), 431-444. 

 

Swaab, D.F. (2008). Sexual orientation and its basis in brain  

   structure and function. PNAS(USA), 105(30), 10273-10274. 

 

Szalavitz, M. (2010). How to win friends: Have a big amygdala. 

   Time. 

 

Tanji, J., Okano, K., & Sato, K.C. (1988). Neuronal activity in 

   cortical motor areas related to ipsilateral, contralateral 

   and bilateral digit movements of the monkey. Journal of  

   Neurophysiology, 60, 325-343. 

 

Taylor, S.F., Martis, B., Fitzgerald, K.D., et al (2006). Medial 

   frontal cortex activity and loss-related responses to errors. 

   Journal Of Neuroscience, 26(15), 4063-4070. 



 

Terzian, H., & Ore, G.D. (1955).  Syndrome of Kluver and Bucy in 

   man by bilateral removal of temporal lobes. Neurology (New 

   York), 5, 373-380. 

 

Thiebaut de Schotten, M., Urbanski, M., Duffau, H., Volla, E., 

   Levi, R., Dubois, B., & Bartolomeo, P. (2005). Direct  

   evidence for a parietal-frontal pathway subserving spatial  

   awareness in humans. Science, 309, 2226-2228. 

 

Theirry, A.M., Godbout, R., Mantz, J., & Glowinski, J. (1990). 

   Influence of the ascending monaminergic systems on the  

   activity of the rat prefrontal cortex. In: H.B.M.Uylings, C. 

   G.Van Eden, J.P.C.DeBruin, M.A.Corner, & M.G.P.Feenstra  

   (Eds.), The Prefrontal Cortex, Progress In Brain Research, 

   85, 357-366. 

 

Tononi, G., & Edelman, G. (1998). Consciousness and the  

   integration of information in the brain. In: H.H.Jasper,  

   L.Descarries, V.F.Costelluchi, & S.Rossignol (Eds.), Advances 

   In Neurology, Consciousness At The Frontiers Of Neuroscience,  

   77, 245-280. New York:Lippincott-Raven. 

 

Todd, J.J., & Marois, R. (2004). Capacity limit of visual short- 

   term memory in human posterior parietal cortex. Nature, 428, 

   751-754. 

 

Tononi, G., & Koch, C. (2008). The neural correlates of  

   consciousness: An update. Annals Of The New York Academy 

   Of Science, 1124, 239-261. 

 

Tsuchiya, N., Moradi, F., Felsen, C., Yamazaki, M., & Adolphs,  

   R. (2009). Intact rapid detection of fearful faces in the  

   absence of the amygdala. Nature Neuroscience, 12(10), 1224- 

   1225. 

 

Tucker, D.M. (1981). Lateral brain, function, emotion, and  

   conceptualization. Psychological Bulletin, 89, 19-46. 

 

Turner, B.H., Mishkin, M., & Knapp, M. (1980). Organization of 

   the amygdalopetal projections from modality-specific  

   cortical association areas in the monkey. Journal Of  

   Comparative Neurology, 191, 515-543. 

 

Unsworth, C.A. (2007). Cognitive and perceptual dysfunction. In: 

   T.J.Schmitz & S.B.O’Sullivan (Eds.), Physical Rehabilitation, 

   1149-1185. Philadelphia,FA:Davis Company. 



 

Ursin, H., & Kaada, B.R. (1960). Functional localization within  

   the amygdaloid complex in the cat. Electroencephalography And 

   Clinical Neurophysiology, 12, 1-20. 

 

Uylings, H.B.M., & Van Eden, C.G. (1990). Qualitative and 

   quantitative comparison of the prefrontal cortex in rat and 

   primates, including humans. In: H.B.M.Uylings, C.G.Van Eden, 

   J.P.C.DeBruin, M.A.Corner, & M.G.P.Feenstra (Eds.), Progress 

   In Brain Research:The prefrontal cortex, 85, 31-62,  

   Amsterdam:Elsevier. 

 

Vallar, G., & Perani, D. (1986). The anatomy of unilateral  

   neglect after right-hemisphere stroke lesions. A clinical/CT- 

   scan correlation study in man. Neuropsychologia, 24, 609-624. 

 

Van Hoesen, G.W. (1981). The differential distribution, 

   diversity and sprouting of cortical projections to the  

   amygdala in the rhesus monkey. In: Y.Ben-Ari (Ed.), The  

   Amygdala Complex, 77-90, Amsterdam:Elsevier. 

 

Van Hoesen, G.W., Pandya, D.N., & Butters, N. (1972). Cortical 

   afferents to the entorhinal cortex of the rhesus monkey. 

   Science, 145, 1471-1473. 

 

Velmans, M. (1999). When perception becomes conscious. British 

   Journal Of Psychology, 90(4), 543-566. 

 

Vertes, R.P. (1990). Fundamentals of brainstem anatomy: A  

   behavioral perspective. In: W.P.Klemm & R.P.Vertes (Eds.), 

   Brainstem Mechanisms Of Behavior, 33-104, New York:John  

   Wiley & Sons, Inc. 

 

Vignolo, L.A. (1983). Modality-specific disorders of written 

   language. In: A.Kertesz (Ed.), Localization In  

   Neuropsychology, New York:Academic Press. 

 

Vogel, E.K., & Machizawa, M.G. (2004). Neural activity predicts 

   individual differences in visual working memory capacity. 

   Nature, 428, 748-751. 

 

Volz, K.G., Rubsamen, R., & Von Cramon, D.Y. (2008). Cortical 

   regions activated by the subjective sense of perceptual 

   coherence of environmental sounds: A proposal for a  

   neuroscience of intuition. Cognitive Affective Behavioral  

   Neuroscience, 8(3), 318-328. 

 



Waraczynski, M., & Stellar, J.R. (1978). Reward saturation in 

   medial forebrain bundle self-stimulation. Physiology And 

   Behavior, 41, 585-593. 

 

Weinberger, N.W., Ashe, J.H., Metherate, R., McKenna, T.M., 

   Diamond, D.M., Bakin, J.S., Lennartz, R.C., & Cassady, J.M. 

   (1990). Neural adaptive information processing: A preliminary 

   model of receptive-field plasticity in auditory cortex during 

   Pavlovian conditioning. In: M.Gabriel & J.Moore (Eds.),  

   Learning And Computational Neuroscience: Foundations of  

   Adaptive Networks, 91-137, Cambridge,Massachusetts:The MIT  

   Press. 

    

Weissman, D.H., Gopalakrishman, A., Hazlett, C.J., & Woldorff, 

   M.G. (2005). Dorsal anterior cingulate cortex resolves  

   conflict from distracting stimuli by boosting attention  

   toward relevant events. Cerebral Cortex, 15(2), 229-237. 

 

Wiesendanger, M., Hummelsheim, H., & Bianchetti, M. (1985).  

   Sensory input to the motor fields of the agranular frontal  

   cortex: A comparison of the precentral, supplementary motor 

   and premotor cortex. Behavioral Brain Research, 18, 89. 

 

Williams, L.M., Liddell, B.J., Kemp, A.H., Bryant, R.A.,  

   Meares, R.A., Peluto, A.S., & Gordon, E. (2006). Amygdala- 

   prefrontal dissociation of subliminal and supraliminal fear. 

   Human Brain Mapping, 27(8), 652-661. 

 

Yingling, C.D., & Skinner, J.E. (1977). Gating of thalamic input 

   to cerebral cortex by nucleus reticular is thalamic. In: J. 

   Desmedt (Ed.), Attention, Voluntary Contraction, And Event- 

   Related Cerebral Potentials, 70-96, Basel:S.Karger. 

 

Young, G.M. (2009). Coma. Annals Of The New York Academy Of  

   Sciences, 1157, 32-47. 

 

Zeki, S.M. (1974). Functional organization of a visual area in 

   the posterior bank of the superior temporal sulcus of the 

   Rhesus monkey. Journal Of Physiology, 236, 549-573. 

 

Zybrozyna, A.W. (1963). The anatomical basis of patterns of  

   autonomic and behavior responses effected via the amygdala. 

   In: W.Bargmann & J.P.Schade (Eds.), The rhinencephalon and 

   related structures, Progress In Brain Research, 3, 50-70. 

 

    


