
A few questions on the content of the 
previous lecture
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Audience Q&A Session

ⓘ Start presenting to display the audience questions on this slide.
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The visual word form area (VWFA) becomes selective 
for written words as a result of ....

ⓘ Start presenting to display the poll results on this slide.
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Subitizing refers to our ability to...

ⓘ Start presenting to display the poll results on this slide.
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The difficulty acquiring reading skills is called ...., while the 
difficulty acquiring arithmetic skills is called ....

ⓘ Start presenting to display the poll results on this slide.
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Dr. Lavinia Carmen Uscătescu

Emotions

April 22nd   , 2024
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Outline

1. Theoretical foundations

2. The neural substrates of emotion processing

3. Psychophysiological measures of emotion processing

4. Emotion regulation

5. Alexithymia
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Theoretical foundations
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Charles Darwin
(1809 – 1882)

expressions

external motor outcomes 

in the face and body associated 

with emotional states 

Proposed that emotional expressions were innate (i.e., 

instinctual, not learned) and described how many expressions 

(e.g., anger) are preserved across species.                             

Charles Darwin

He inspired the work of Paul 

Ekman who proposed that there 

are 6 universal  (cross-cultural) 

emotional expressions: fear, 

anger, joy, sadness, disgust, 

and surprise. 

https://www.paulekman.com/ 
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https://www.paulekman.com/


https://www.nature.com/articles/s41598-023-36201-5 
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https://www.nature.com/articles/s41598-023-36201-5


https://pubmed.ncbi.nlm.nih.gov/31682141/ 
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https://pubmed.ncbi.nlm.nih.gov/31682141/


https://psycnet.apa.org/record/2018-23811-001 
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https://psycnet.apa.org/record/2018-23811-001


https://pubmed.ncbi.nlm.nih.gov/31259590/ 

13

https://pubmed.ncbi.nlm.nih.gov/31259590/


Lisa Feldman Barrett => dimensional approach (2006) ; pleasant–unpleasant and high–low arousal/activation 

arousal 

the level of excitement

elicited by an emotional

experience

valence

the positive or negative

aspect of an emotional

experience
Ward, (2020), p. 421

https://pubmed.ncbi.nlm.nih.gov/26151184/ 
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https://pubmed.ncbi.nlm.nih.gov/26151184/


Edmund Rolls (2005) => emotions are elicited by reinforcers (i.e., rewards and punishments)

15https://psycnet.apa.org/record/2005-03475-005 

https://psycnet.apa.org/record/2005-03475-005


William James
(1842 – 1910)

Carl Georg Lange
(1934 – 1900)

1890

Published “The Principles of Psychology”,

in which he laid out his theory of emotions 

1885

James-Lange Theory Of Emotion

Published “Emotions” 

(above in original, in Danish) 

Posits that bodily 

states precede the 

conscious experience 

of emotions, e.g., we 

feel sad because we 

cry, not vice-versa; in 

other words, it was the 

physiological response 

to stimuli that elicited 

subjective feelings.
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“My thesis on the contrary is that the bodily changes follow directly the Perception of the exciting fact, and that 

our feeling of the same changes as they occur IS the emotion. Common sense says, we lose our fortune, are sorry, 

and weep; we meet a bear, are frightened and run; we are insulted by a rival, are angry and strike.

The hypothesis here to be defended says that this order of sequence is incorrect, that the one mental state is not 

immediately induced by the other, that the bodily manifestation must first be interposed between, and that the 

more rational statement is that we feel sorry because we cry, angry because we strike, afraid because we 

tremble, and not that we cry, strike, or tremble because we are sorry, angry, or fearful as the case may be.

Without the bodily states following on the perception the latter would be purely cognitive in form, pale, 

colourless, destitute of emotional warmth. We might then see the bear and judge it best to run, receive the insult 

and deem it right to strike, but we would not actually feel afraid or angry.”

https://www.jstor.org/stable/2246769?seq=1 
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https://www.jstor.org/stable/2246769?seq=1


1928 1949

Induced “sham rage” in cats

following brain lesions => caudal

hypothalamus essential for eliciting

this rage response in lesioned cats.

Elicited rage in cats by electrically

stimulating their hypothalamus. 

Philip Bard
(1898–1977)
doctoral student of 
Walter Cannon Walter Hess

(1881 – 1973)

1987

Walter Cannon
(1871 – 1945)

Published a critique to the James-Lange

theory. Also coined the term 

“homeostasis” and described the 

“fight or flight”  response.

Cannon-Bard Theory Of Emotion

https://www.nobelprize.org/prizes/medicine/1949/summary/
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Cannon-Bard Theory Of Emotion => contradicts the James-Lange theory and posits that bodily sensations occur 

after the conscious emotional experience.

Ward, (2020), p. 418
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Stanley Schachter & Jerome Singer (1962) => the Two-factor theory of emotion 

Step 1: a stimulus elicits an undifferentiated state of arousal => emotional intensity;

Step 2: the arousal is interpreted => type of emotional experience. 

Moors, (2009)
https://psycnet.apa.org/record/2009-11142-001 
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https://psycnet.apa.org/record/2009-11142-001


Posits that bodily sensations elicited by emotions inform 

our decision-making process.

Within the brain, somatic markers are thought to be 

processed in the ventromedial prefrontal cortex and 

the amygdala.

somatic markers 

bodily sensations that are associated 

with emotions (e.g., the association of 

rapid heartbeat with anxiety or of nausea 

with disgust)

https://www.sciencedirect.com/science/article/pii/S0899825604001034 

Antoine Bechara & Antonio Damasio (2005) => The somatic marker hypothesis

The Iowa Gambling Task

https://www.pbs.org/video/brain-david-eagleman-episode-4-clip-4/ 
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https://www.sciencedirect.com/science/article/pii/S0899825604001034
https://www.pbs.org/video/brain-david-eagleman-episode-4-clip-4/


The neural substrates of emotion processing

22



Bear et al., (2016), pp. 533 - 534 

The autonomic nervous system (ANS)
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The Papez circuit and the limbic brain

James Papez
(1883 – 1958)

https://tinyurl.com/3vrdfjpr 

Bear et al., (2016), p. 623
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https://tinyurl.com/3vrdfjpr


In the Papez circuit, the hypothalamus governs the behavioural expression of emotion. 

The hypothalamus and neocortex are arranged so that each can influence the other, 

thus linking the expression and experience of emotion. 

In the circuit, the cingulate cortex affects the hypothalamus via the hippocampus and 

fornix (the large bundle of axons leaving the hippocampus), whereas the hypothalamus 

affects the cingulate cortex via the anterior thalamus. 

The fact that communication between the cortex and hypothalamus is bidirectional 

means that the Papez circuit is compatible with both the James–Lange and the Cannon–

Bard theories of emotion.

It was Paul Broca who, in the 1850s, used the name limbic lobe to refer to the cingulate gyrus and the  parahippocampal

gyrus. He thought however that these were involved in olfaction. Papez later identified the role of these structures in 

emotion processing. Later, Paul MacLean (1949) extended this idea to incorporate regions such as the amygdala and 

the orbitofrontal cortex, which he termed the limbic brain. 

Bear et al., (2016), p. 623

More on the conceptual evolution of the limbic brain here: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4591172/ 
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4591172/


The amygdala: fear (and more)

In monkeys, bilateral lesions of the amygdala 

=> Kluver–Bucy syndrome (Kluver & Bucy, 1939; 

Weiskrantz, 1956):

- oral exploration of objects;

- lack of appropriate fear and anger response;

- inappropriate sexual behaviour.

More on Kluver-Bucy in humans:

https://www.ncbi.nlm.nih.gov/books/NBK544221/ 

https://www.e-arm.org/journal/view.php?number=713 
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https://www.ncbi.nlm.nih.gov/books/NBK544221/
https://www.e-arm.org/journal/view.php?number=713


Patient S.M., bilateral amygdala lesions and impaired fear response

https://www.nature.com/articles/372669a0 
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https://www.nature.com/articles/372669a0


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3030206/#R4 

https://www.youtube.com/watch?v=2Hi3JO1rqYw 

The case of SM, the fearless woman
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3030206/#R4
https://www.youtube.com/watch?v=2Hi3JO1rqYw


https://amygdaloids.com/https://www.youtube.com/@theamygdaloids 

Slower, but carries more 

information about the 

stimulus and enables 

conscious awareness 

and assessment.
https://ajp.psychiatryonline.org/doi/full/10.1176/appi.ajp.2016.16030353 

Joseph LeDoux and the study of the amygdala’s response to fear

“quick and 
dirty” 

route/”low 
road”

“high road”

Two routes via which a stimulus reaches the amygdala

Stimuli reach the amygdala 

fast, via the thalamus.

Information from the 

thalamus is not directly 

passed onto the amygdala, 

but first goes to the cortex.

Enables rapid and 

unconscious responses.
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https://amygdaloids.com/https:/www.youtube.com/@theamygdaloids
https://ajp.psychiatryonline.org/doi/full/10.1176/appi.ajp.2016.16030353


The insula: disgust and interoception

FIGURE 16.12: The insula is an island of cortex lying, 

bilaterally, underneath the temporal lobes. It is implicated in 

the creation of bodily feelings associated with emotions, and 

in the perception of disgust in particular.

Ward, (2020), p. 429
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https://pubmed.ncbi.nlm.nih.gov/17583995/ https://link.springer.com/chapter/10.1007/978-3-030-10620-1_4 
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https://pubmed.ncbi.nlm.nih.gov/17583995/
https://link.springer.com/chapter/10.1007/978-3-030-10620-1_4


The orbitofrontal cortex: contextualized emotions
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Egas Moniz 
(1874 – 1955)

Some animals became calmer and showed less frustration when reward was not given 

Egas Moniz concluded that perhaps anxiety, 

irrational fears, and emotional hyperexcitability 

in humans might be treated by damage to the 

frontal lobes. He created the lobotomy/leucotomy 

procedure. 

https://psycnet.apa.org/record/1937-02587-001 
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https://psycnet.apa.org/record/1937-02587-001


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5541252/ 
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5541252/


The OFC => assessing the rewarding value 

of a stimulus & monitoring  whether the 

outcome of an action is met.

For example, Small et al. (2001) asked 

participants to eat chocolate  in between 

scans, and noticed that with satiety, 

participants self-reported pleasure for 

eating the chocolate decreased and at the 

same time there was a shift in activity from 

the medial to the lateral parts of the OFC.

The OFC also seems to be involved in 

hedonic experiences. This has implications 

for affective disorders.

https://pubmed.ncbi.nlm.nih.gov/25950633/ 

https://pubmed.ncbi.nlm.nih.gov/11522575/ 
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https://pubmed.ncbi.nlm.nih.gov/25950633/
https://pubmed.ncbi.nlm.nih.gov/11522575/


The anterior cingulate

The anterior cingulate cortex, like the 

insula, is involved in processing bodily 

signals that characterize emotions but, 

whereas the insula is more concerned 

with the input (and awareness) of these 

signals, the anterior cingulate is more 

concerned with the output of bodily 

responses. Lesions in this area disrupt 

the skin conductance response (Tranel 

& Damasio, 1995) and changes in heart 

rate and blood pressure (Critchley et 

al., 2003) to emotional stimuli. 

Ward, (2020), p. 431
Also involved in perception of pain and empathy to observed pain.
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The ventral striatum and reward

Innervated with dopaminergic neurons, involved in 

tracking the reward value of stimuli and encoding

prediction errors. 

Crucial for affective anticipation, showing increased 

activity when individuals anticipate either rewarding 

and aversive experiences (Jensen et al., 2003).

Densely interconnected with the amygdala and the

ventromedial prefrontal cortex, thus contributing to

fear learning and extinction.
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The cerebellum and emotional memories

https://www.pnas.org/doi/full/10.1073/pnas.2204900119 38

https://www.pnas.org/doi/full/10.1073/pnas.2204900119


Take-home messages

1. Important insight into the function of various brain areas comes from neuropsychology (i.e., the study of brain lesions);

2. Brain areas rarely play distinct and unique functions in isolation (e.g., the orbitofrontal cortex); it is the interconnectedness 

between them that gives rise to the rich palette that is the human affective experience;

3. The study of complex functions, such as emotions, requires multimodal research approaches (e.g., lesions, neuroimaging, 

psychophysiological measures, self-report);

4. Emotion processing does not exist in isolation but intersects with other areas of cognitive processing 

(e.g., decision making).

39



Psychophysiological measures of emotion 
processing
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An indirect measure of sympathetic autonomic 

activity that is associated with both emotion and 

attention. In humans, the amplitude of SCRs is related 

to the level of arousal elicited by visual stimuli, 

irrespective of emotional valence.

Heart rate

Respiration rate

More intense responses to negative 

emotions (e.g., fear, anger, anxiety) 

result in shallower, rapid breathing.

High heart rate variability (HRV) is 

associated with higher emotional 

well-being, lower levels of worry and 

rumination, lower anxiety, and generally 

better emotion regulation. 

Mather & Thayer, (2018); 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5761738/  

Laine et al., (2009);
https://pubmed.ncbi.nlm.nih.gov/19144740/

Jerath & Beveridge, (2020);
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7457013/) 

Skin conductance response (SCR)
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5761738/
https://pubmed.ncbi.nlm.nih.gov/19144740/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7457013/


Emotion regulation
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James Gross (1998; 2002) => The process model of emotion regulation

Reproduced from “Emotion Regulation: Conceptual Foundations,” by J.J. Gross and R.A. Thompson, 2007,
 in J.J. Gross (Ed.), Handbook of Emotion Regulation, p. 10, Guilford Press. Copyright 2007 by Guilford Press.

before the emotion is fully 

experienced, or during the 

emotion experience

after the emotion has 

completely developed

https://psu.pb.unizin.org/psych425/ 

43

https://psu.pb.unizin.org/psych425/


https://psu.pb.unizin.org/psych425/front-matter/introduction/ 
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https://psu.pb.unizin.org/psych425/front-matter/introduction/


Alexithymia
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Sub-clinical construct first described in the 1970s,

defined by disrupted emotional awareness, evidenced 

by difficulties in understanding and expressing emotions.

High levels of alexithymia are frequently found in

populations with e.g., psychoses, eating disorders,

substance abuse disorders and autism. It can also develop 

as a result of traumatic brain injury or degeneration 

(see Hogeveen & Grafman, 2021).

Closely linked to emotion dysregulation and higher levels of

emotional distress.

Current measures are largely self-report – conceptual and 

measurement challenges still need to be addressed!
https://pubmed.ncbi.nlm.nih.gov/34389125/ 
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https://pubmed.ncbi.nlm.nih.gov/34389125/


Figure 1.

The influence of alexithymia on emotional processing. 

DIF means Difficulty identifying feelings, DDF means 

Difficulty describing feelings and EOT means Externally 

oriented thinking. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7451369/ 
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https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7451369/


Frans de Waal
(1948 – 2024)

https://news.emory.edu/features/2024/03/er_frans_de_waal_16-03-2024/index.html 

Further resources                                                                   in memoriam
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https://news.emory.edu/features/2024/03/er_frans_de_waal_16-03-2024/index.html
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