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Summary of key statements: 
 

• Emotion episodes can be broken up into three interacting processes: 
affect generation, affective response representation, and conscious 
access. 

• Affect generation may involve interactions between ventral prefrontal 
cortices and subcortical nuclei 

• Affect response representation may involve somatomotor and default 
network regions. 

• Conscious access may involve frontoparietal network regions 
• Individual differences in these processes, due to innate, developmental, 

or social learning-related factors, may account for psychosocial and 
brain-body interactions within the biopsychosocial model. 

• Low emotional awareness (or high alexithymia) may result from a 
combination of deficits across these three processes and influence 
physical health outcomes via a biopsychosocial process involving a 
chronic failure to understand and regulate negative affect and its effect 
on peripheral physiology. 
 
 

Introduction 
 
The project of trying to understand the neurobiology of emotions can be broken up 
into multiple steps. The first step involves decomposing the broad category of 
“emotions” into a set of more basic, interacting processes. The second step involves 
empirically mapping each of these more basic processes onto neural processes. The 
third step involves investigating how these neural processes interact. Finally, the 
fourth step involves determining whether the resulting neural model is able to 1) 
account for currently known aspects of emotion, and 2) predict new, previously 
unknown aspects of emotion. While described here in terms of a linear order, in 
practice this process is iterative, and progress on any given step is often capable of 
aiding in progress on each of the others. In this chapter we will briefly review 
current progress on each of these steps, and the neural model of emotion that 
results. With regard to the final step described above, we will also focus specifically 
on the trait variable of alexithymia (which includes “affective agnosia” or “very low 
emotional awareness”), as one important emotion-related variable that this neural 
model may be capable of accounting for. 
 
Emotion-Related Processes 



 
Affect Generation 
 
One way of thinking about the category of emotion involves its decomposition into 
the following three processes: affect generation, affect representation, and selection 
for conscious access (See Figure 1)(Smith, Killgore, & Lane, 2018; Smith & Lane, 
2015) (Smith, 2020). Affect generation is a process in which a characteristic set of 
modulatory influences are engaged, leading to changes in 1) the state of the body 
(e.g., heart rate, respiration, muscle tension, facial expression, circulating hormone 
levels, etc.; see Friedman, 2010; Kreibig, 2010), and 2) the state of other systems in 
the brain (e.g., modulatory influences on perception, attention, memory, motivation, 
decision-making, action selection, etc.; see Shiota & Kalat, 2012, Ch. 14). These 
changes are typically initiated in response to either 1) the detection of particular 
stimuli or 2) activation of a cognitive representation (e.g., a thought, memory, or 
interpretation of one’s current situation). More specifically, an “appraisal” process is 
believed to occur, in which the meaning of such stimuli/representations is assessed 
along a range of dimensions, such as (for example) novelty, concern relevance, goal-
congruence, compatibility with norms/values, and agency/control (e.g., see Scherer, 
2009). Different appraisals across these dimensions then lead to the generation of 
different affective responses. For example, an appraisal of a stimulus as “novel,” 
“concern-irrelevant,” and “goal-congruent” might promote one type of affective 
response, whereas an appraisal of “concern-relevant,” “goal-incongruent,” and “out 
of my control” would lead to another. In either case, the initiated changes to the 
state of the brain and body would reflect mobilization of the predicted resources 
required to manage the situation at hand.  
 
Affect Representation 
 
 
Affect representation is a further process, which occurs in response to affect 
generation. More specifically, this process involves the subsequent 
perception/recognition of the changes in the brain/body that are initiated during 
affect generation. For example, when an increase in heart rate occurs following the 
visual detection of a snake, afferent signals from the body will then convey 
information about this change in heart rate – leading to an internal perceptual 
representation of that change (Khalsa, Rudrauf, Feinstein, & Tranel, 2009). At a 
more abstract level, and in conjunction with the modulation of other neurocognitive 
systems that occurs as part of an affective response, a cognitive representation of 
the conceptual meaning of that change will also be activated (e.g., “this increase in 
heart rate means that I am afraid”). The perceptual and conceptual representations 
arrived at during this process will also be influenced by other factors (Barrett, 
Mesquita, & Gendron, 2011; Reisenzein, 1983), such as learned expectations 
regarding what is most probable in a given context (e.g., one may be more likely to 
conclude they feel sad vs. afraid while at a funeral). 
 
Conscious Access 



 
At any given time, it appears the brain represents a much larger amount of 
information than can simultaneously be present within consciousness. According to 
leading models (Dehaene, 2014), this problem is solved via a selection process, in 
which the many different activated representations compete for conscious 
accessibility. Therefore, a further aspect of emotion involves whether or not the 
various representations of an affective response (and associated appraisals) 
discussed above become consciously accessible. If such representations win this 
competition, they will be consciously experienced as percepts, thoughts, 
motivations, and so forth. If they do not win this competition, such representation 
will remain outside of awareness, but may still have influences on some aspects of 
behavior. Crucially, some represented aspects of an affective response could win 
this competition even if others do not. Thus, an individual might consciously 
recognize their strong motivation to punch someone, even if they don’t consciously 
recognize that they are angry; or an individual might consciously perceive a change 
in heart rate, even if they don’t consciously recognize that they are afraid. In 
principle, any combination of conscious/unconscious representations of the 
different aspects of an affective response is possible. In practice, gaining conscious 
access to some representations might facilitate gaining conscious access to others, 
and a range of factors appear to play a role in determining which representations 
are selected for conscious access in a given context. Some of these factors (often 
associated with “executive control”) include the availability of attentional resources, 
the goal-relevance of the content of a given representation, and its estimated 
probability of accuracy based on previous experience (Dehaene, 2014). 
 
Neural Processes  
 
At present, the neural basis of affect generation appears to involve a distributed set 
of brain regions and interactive processes. First, states of neural activity within the 
brain’s various perceptual processing systems (e.g., visual cortex) appear to play an 
important role in detecting sensory stimuli, and representing their various 
perceptual features (Gazzaniga, Ivry, & Mangun, 2014, Ch. 5-6). These same 
representational neural states – in conjunction with other temporal and frontal lobe 
structures – also appear to be re-used during the processes of remembering, 
imagining, or otherwise thinking about those same stimulus features (Barsalou, 
2009; Danker & Anderson, 2010; Pobric, Jefferies, & Lambon Ralph, 2010). Once 
such representations are activated, they provide an internal description that can be 
evaluated along the various appraisal dimensions described above – most likely via 
interactions between perceptual processing systems and regions linked to more 
abstract cognitive processing. According to recent reviews (Brosch & Sander, 2013; 
Smith & Lane, 2015), some regions suggested to play a role in specific appraisals 
include the medial temporal lobe (novelty), the amygdala (novelty and concern-
relevance), the dorsal anterior cingulate (goal-congruence), the nucleus accumbens 
(goal-congruence), lateral temporal cortex (norm/value compatibility), and 
sensorimotor cortices (agency/control). A distributed “limbic network” of 
orbitofrontal, ventromedial frontal, and anterior temporal cortical structures, as 



well as related subcortical nuclei, has also been identified as playing an important 
role in generating and representing the visceromotor responses associated with 
emotions (Barrett & Satpute, 2013; Lindquist & Barrett, 2012; Yeo et al., 2011), and 
to allow memory systems to interact with affect generation (Gupta, Koscik, Bechara, 
& Tranel, 2011). However, while these regions appear to be involved, none of them 
should be understood as specialized for such appraisal functions. More generally, as 
many appraisals represent fairly abstract, conceptual evaluations, it is expected that 
distributed patterns of cortical activation across many brain regions will be engaged 
– forming connected webs of the perceptual, motor, and more abstract cognitive 
representational elements that ground the content of those conceptual evaluations 
(Kiefer & Barsalou, 2013; Wilson-Mendenhall, Barrett, Simmons, & Barsalou, 2011). 
As discussed further below, conceptual evaluation is also known to involve the 
brain’s “default” network (Barrett & Satpute, 2013) (see Figure 2).  
 
To then generate an affective response, the neural states that represent appraisals 
are expected to interact with multiple subcortical structures. This includes the 
amygdala, basal forebrain, hypothalamic nuclei, midbrain nuclei, and brainstem 
nuclei. These structures exhibit a pattern of connectivity with the autonomic 
nervous system, skeletomotor system, endocrine system, immune system, and with 
cortex – which allows them to simultaneously trigger broad changes in the state of 
brain and body (Pessoa, 2013, Ch. 9). This includes the changes in muscle tension, 
sympathetic tone, parasympathetic tone, and circulating hormone and cytokine 
levels that modulate bodily state. It also includes changes in the modulatory 
influence of several neuromodulators (e.g., dopamine, norepinephrine, serotonin, 
acetylcholine) over cortical processing, leading to emotion-related changes in 
motivation, vigilance, attention, memory, cognitive interpretation, decision-making, 
and so forth (e.g., see Cools, Nakamura, & Daw, 2011; Mather, Clewett, Sakaki, & 
Harley, 2015; Pessoa, 2013). 
 
After the processes discussed above alter the state of the body, information about 
that altered state is conveyed back to the brain via afferent autonomic and spinal 
axonal pathways. When these afferent signals reach the brain, they appear to alter 
internally represented estimates at various locations and levels of abstraction 
(Smith & Lane, 2015;  Smith, Thayer, et al., 2017). First, many brainstem nuclei 
appear to alter their activity levels in a manner that tracks changes in specific body 
state variables (e.g., changes in blood pressure). Via multiple pathways, such 
subcortical nuclei then convey such information for further cortical processing 
(Craig, 2002). Multiple networks of cortical regions, including areas of the insula, 
cingulate cortex, and postcentral gyrus (among others) – often referred to as the 
“somatomotor” and “ventral attention” (or “salience”) networks - appear to 
subsequently represent more integrated estimates of the updated state of the body 
(Barrett & Satpute, 2013; Barrett & Simmons, 2015). A distinct network of regions 
(often referred to as the default network), including regions of the medial prefrontal 
cortex, cingulate gyrus, medial and lateral temporal lobe (among others), appears to 
represent higher-level conceptual interpretations of those updated body state 
estimates – including the application of emotion concept terms (Barrett & Satpute, 



2013; Wilson-Mendenhall et al., 2011). Modulatory influences over basal ganglia, 
prefrontal, cingulate, and motor system regions may also strengthen 
representations of some potential actions over others – potentially leading to strong 
felt motivations to act in emotion-congruent ways (Berns & Sejnowski, 1996; Cisek, 
2007; Niv, Daw, Joel, & Dayan, 2007; Pereira et al., 2010). 
 
Once these many representations are activated, the selection process discussed 
above – that determines which representations become consciously accessible and 
which do not – is believed to draw heavily on another distributed cortical network 
(often called the “frontoparietal network” or “executive control network”), which 
includes regions of lateral prefrontal cortex, parietal cortex, and cingulate cortex 
(among others; see Barrett & Satpute, 2013; Dehaene, Charles, King, & Marti, 2014). 
When a given representational neural state is strengthened sufficiently to win the 
competition for selection, it is believed that a top-down signal emanating from the 
frontoparietal network is engaged (Dehaene, Changeux, Naccache, Sackur, & 
Sergent, 2006). This top-down signal both 1) amplifies/maintains the strength of 
the selected representation, allowing its content signal to be “globally broadcast” 
throughout the brain (and therefore become accessible to a broad range of 
neurocognitive systems), and 2) suppresses the strength of competing 
representations that would interfere with processing and/or which are goal-
irrelevant. Any represented aspect of an affective response will only be consciously 
experienced if it is globally broadcast as a result of selective amplification by this 
top-down signal (Panksepp, Lane, Solms, & Smith, 2017). 
 
Alexithymia 
 
The first author to describe the clinically relevant phenomenon of alexithymia, 
Jürgen Ruesch, named it “infantile personality” and characterized it as follows 
(Ruesch, 1948): “In the psychoneuroses, we deal with a pathological development, 
while in psychosomatic conditions one meets primarily arrested development. Some 
of these infantile patients have persisted since childhood in expressing themselves 
in somatic terms.“ Ruesch spoke of a “somatic language”(“They feel with their 
bodies”) and an underrepresentation of symbolic functions such as vivid phantasies 
and dreams in these patients (Ruesch, 1957). In psychodynamic thinking, this 
“pensée opératoire“ (Marty & de M’uzan, 1963) could mean that negative, especially 
aggressive, impulses would have “no way out” (de M’uzan, 1977)and could have 
direct negative effects on biological functions (Fain, 1966). Or, as Paul McLean 
hypothesized, "emotional feelings, instead of finding expression and discharge in the 
symbolic use of words and appropriate behavior, might be conceived as being 
translated into a kind of 'organ language’" (Maclean, 1949; MacLean, 1970). 
 
The subsequently developed and related constructs of alexithymia, affective 
agnosia, and low emotional awareness (EA) attempt to capture this initial 
observation that some individuals appear to have limitations to varying degrees in 
their ability to generate, represent, and/or consciously experience various aspects 
of emotion (Lane, Weihs, Herring, Hishaw, & Smith, 2015). The theoretical construct 



of affective agnosia has since been more thoroughly developed (for recent reviews 
and discussion, see (Lane & Smith, 2021; Lane et al., 2020; Lane et al., 2021)) and 
links have been proposed to chronic pain and other biopsychosocial processes 
(Lane et al., 2018; Smith, Gudleski, et al., 2020; Smith, Weihs, et al., 2019). 
Individuals with such limitations – which going forward we will refer to as having 
low EA – appear to be more at risk for various other physical and emotional health 
issues (i.e., in continuity with the first clinical impressions described above)(Kojima, 
2012; Smith & Lane, 2016; Taylor, Bagby, & Parker, 1997). There is a history of 
intense discussions about whether low EA (or alexithymic traits) may be more due 
to personality development or (repetitive) traumatic experiences (e.g., Steffen, Fiess, 
Schmidt, & Rockstroh, 2015). Current knowledge also underscores the huge variety 
of, and at least partly unknown, contributing factors that may lead to the clinical 
phenomenon of alexithymia, including its more severe expression in affective 
agnosia.  
 
A better understanding of low EA at the neural process level might therefore 
represent an important step in designing interventions to alleviate such risks. More 
generally, low EA represents one emotion-related individual difference variable that 
a successful neural model of emotions should be capable of accounting for. Toward 
this end, recent neurocomputational models of emotion concept learning and 
emotion-focused working memory have demonstrated multiple mechanisms in 
quantitative simulations that could explain various causes of low EA (Smith, Lane, et 
al., 2019; Smith, Parr, et al., 2019). This includes, for example, strong expectations 
that affective sensations indicate physical health concerns, poor emotion concept 
learning from impoverished early environments, prior expectations that 
information about emotions is unreliable or that emotional states are highly volatile, 
stress-induced reductions in working memory capacity, and reinforced patterns of 
attention that avoid cues to emotional information (e.g., because such information is 
considered of low value/relevance). Each of these mechanisms can in turn be linked 
to particular clinical assessments, measures, and therapeutic interventions (see 
Table 1 in  (Smith, Lane, et al., 2019)). 
 
In considering the neural processes discussed above, it appears that low EA could 
result from any combination of the three factors (i.e., possibly also resulting in 
different clinical manifestations). First, low EA could arise from individual 
differences in the affect generation process – where few emotions are experienced 
because few affective responses are generated. This might stem from individual 
differences in subcortical circuitry; alternatively it might stem from impoverished 
appraisals (e.g., overly “black and white” thinking), such that a low number of 
distinct affective responses could follow from a low number of the distinct appraisal 
that would initiate them. Second, low EA could arise from individual differences in 
the affect representation process – where few emotions are experienced because 
affective responses are categorized/represented in an impoverished manner. For 
example, if all unpleasant affective responses are represented as belonging to a 
single category (e.g., “bad”), then reported experiences may fail to discriminate 
between different unpleasant emotions (e.g., anger, fear, sadness, disgust, etc.). 



Alternatively, affective responses may be inappropriately categorized in non-
emotional terms (e.g., an intense increase in heart rate might be mistaken as a sign 
of an impending heart attack). Third, low EA could arise from individual differences 
in conscious access – where few emotions are experienced because representations 
of an affective response rarely win the competition for global broadcasting. This 
might occur, for example, if an individual has not learned to value or attend to 
emotion across a wide range of contexts.  
 
Currently, studies of the neural basis of low EA (based on performance measures) 
provide the most support for the second possibility discussed above – that low EA 
follows from individual differences in affect representation processes (Lane et al., 
2015). For example, two different task-based functional neuroimaging studies have 
demonstrated that lower EA scores are associated with lower activity in the dorsal 
anterior cingulate cortex (Lane et al., 1998; McRae, Reiman, Fort, Chen, & Lane, 
2008), suggesting a link between EA and either the representation or use of body 
state information. Another study has also shown that, during recall of life-
threatening experiences, lower EA scores were associated with lower activity in 
medial prefrontal cortex and rostral anterior cingulate (Frewen et al., 2008); as 
these regions are part of the default network, this suggests a link between EA and 
concept representation. More recent neuroimaging studies also bolster this 
conclusion by showing greater functional connectivity between default network 
regions in those with high EA (Smith, Alkozei, et al., 2017; Smith, Sanova, et al., 
2018), and that individuals with higher EA show greater medial prefrontal 
activation when holding emotions vs. bodily sensations in working memory (Smith, 
Lane, Sanova, et al., 2018); also see (Smith, Lane, Alkozei, et al., 2018). 
, Other studies point to the relevance of the first and third processes. A recent study 
found that lower EA predicted lower lateral prefrontal and insula activation during 
an emotion-focused working memory task, which suggests that differences in top-
down amplification/maintenance processes (associated with global broadcasting 
and conscious access) may also be involved (Smith et al., 2017). This is also 
consistent with recent theoretical and empirical work linking EA to domain-general 
reflective cognitive processes (Smith, Persich, et al., 2022; Smith, Steklis, et al., 2022; 
Smith, Steklis, et al., 2020). It is also worth highlighting that each of the cortical 
regions linked to EA discussed above could also contribute to cognitive appraisal 
processes, and therefore play a role in the affect generation process as well. 
Consistent with this, one study found that individuals with higher EA showed 
greater cortical thickness in ventral prefrontal regions linked to visceromotor 
control and autonomic response generation (Smith, Bajaj, et al., 2018), while an in-
depth case study of a woman with affective agnosia found absent or abnormal 
peripheral physiological responses to emotion-provoking images (Smith, Kaszniak, 
et al., 2019). Both of these studies therefore link low EA to abnormal affective 
response generation.  
 
Based on these findings, the three-process framework, and the findings from our 
neurocomputational models, it has been proposed that alexithymia is best 
conceptualized as a phenotype that can arise from any combination of deficits 



across the processes described above. As such, it was recently suggested that we 
have now entered a new, third era of alexithymia research in which the alexithymia 
phenotype is understood to arise from brain-body interactions mediating 
impairments in these processes (Lane, 2020).  According to this perspective the first 
era began in 1948 with Ruesch’s initial description and ended in 1976 when a 
consensus definition of alexithymia was reached at a conference in Heidelberg. The 
second era spanned 1976 to the present during which alexithymia was defined and 
measured by instruments such as the 20-item Toronto Alexithymia Scale, which 
were based on the Heidelberg definition. Just as edema is a phenotype with many 
different etiologies requiring different therapeutic interventions, the same may be 
true for alexithymia as a spectrum disorder with variations in etiology and severity. 
An implication of this perspective is that clinicians are encouraged to separately 
evaluate these different processes in individual patients thought to have alexithymia 
and adjust their interventions accordingly (see Table 1 in (Smith, Lane, et al., 
2019)). 
 
Conclusion 
 
In summary, current progress on understanding the neurobiology of emotions 
suggests that cortical-subcortical interactions – associated with affect generation – 
allow appraisals of cognitive and perceptual representations (e.g., percepts, 
thoughts, memories, etc.) to trigger changes in the state of both the body and other 
cognitive/behavioral control systems. Afferent feedback from the body, in 
combination with the influence of expectations derived from previous experience, 
then leads to changes in both subcortical and cortical representations (across many 
levels of description) of the current state of the organism. At the cortical level, 
resulting representations of body states, desired actions, emotion concepts, and 
other aspects of an affective response then compete with other represented 
information for selection to become consciously accessible. This process model has 
the resources to account for many aspects of emotion in multiple ways, including 
individual differences in emotional awareness. Alexithymia may therefore 
constitute a phenotype that results from any combination of deficits across the 
processes underlying affect generation, affective response representation, and 
conscious access. A considerable amount of research is still required, however, to 
provide a detailed characterization of the role played by each of the processes 
described above in accounting for such individual differences in actual cases. Such 
research offers the promise to aid in the development of interventions that could 
improve awareness of emotions and potentially lead to better physical and 
emotional health outcomes. 
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Figure Legends 
 
Figure 1. (A) Illustrates the various aspects of the affect generation process 
discussed in the text. (B) Illustrates the various represented aspects of an affective 
response, as well as routes by which they may consciously or unconsciously 
influence action selection. Dashed lines indicate connections that are only effective if 
a representation is selected for becoming consciously accessible. 
 
Figure 2. Illustrates different large-scale neural networks (based on Yeo et al., 
2011), and how different emotion related processes may reflect interactions 
between different network functions. (A) Illustrates affect generation processes, 
whereas (B) illustrates affect representation processes and the competition for 
conscious access. Dashed black lines indicate connections that are only effective if a 
representation is selected for becoming consciously accessible. 
 
 
 
 
 


