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“Automaticity” of emotion and the need for 
emotion regulation

• Independent processing – not affected by intentions, 
strategies, conscious processing 
– Even if resources are not available 

• Why?
– Freudian notions of defense 
– Management of stressful situations
– Cognitive concept of self-regulation (broadly)

Chatper 15



Cognitive control of emotion
Attentional control
• Selective aspect of information 

processing
• Permits focus on goal-relevant 

information

Cognitive change
• Higher-order cognitive abilities: Working 

memory, long-term memory, and mental 
imagery 

• Supports learning, judgment and 
reasoning of information

Ochsner & Gross, 2005

Emotion generation
Emotion regulation



Cognitive control of emotion

Ochsner & Gross, 2005

Irrespective 
of goal:

Decrease: Lateral 
PFC, OFC Increase: Medial PFC 



Emotional stimuli elicit attentional blinks

• Feature integration theory: Treisman & Gelade, 1980
– Pre-attentive à Attentive stage

• “Blink”: Difficulty identifying targets when presented 
rapidly after another
– Due to limited cognitive processing resources
– Thought that AMY modulates visual cortex
– Neutral>>Emotion a little easier

Chatper 15 https://www.youtube.com/watch?v=vsmMABMkqYk



Attentional blink paradigm
Affective
Neutral

1st visual target

2nd visual target: MORE DIFFICULT

Pessoa 2010; see Chapter 15

fMRI captures the TOTAL of both 
slow and fast processing



Cognitive control of emotion

Ochsner & Gross, 2005

Dorsal PFC: Re-describe emotional 
associations

Ventral PFC: Alter emotion via choice 
and learning



Schindler & Bublatzky, 2020

Green: Emo > Neut
Orange: No diff to Neut
Red: Neutral > Emo

• Lack of evidence for P1 
• N170 responsive to emotions (Fear, anger, sad, disgust, happiness)
• Mixed evidence for P3 (fear, sad? happy?)
• Authors also examined passive viewing, explicit attention to faces, explicit attention task w/ emotion 



Schindler & Bublatzky, 2020

Temporal model of attention to emotions



From perception to regulation intervention

https://ucaststudios.com/re-training-your-brain-with-neurofeedback-therapy/



Biofeedback – stimulation methodology
• Transcranial magnetic stimulation (TMS)
• Transcranial electrical stimulation (tES) 

– Transcranial current stimulation (tCS)
– Transcranial direct current stimulation (tDCS)
– Transcranial alternating current stimulation (tACS)
– Transcranial random noise stimulation (tRNS)

https://www.healthrising.org/blog/2020/07/20/tms-magnetic-
stimulation-fibromyalgia-lasting-relief/

https://neuromodec.com/what-is-transcranial-direct-current-stimulation-tdcs/



Biofeedback – stimulation methodology

Stocco et al., 2015

TMS, 
tES

Stimulate

Suppress

Confirm brain function à Basic science
OR

Correct brain function à Treatment



Biofeedback – stimulation methodology

https://artsci.washington.edu/news/2016-08/mind-games



Biofeedback – stimulation methodology
Current density can be impacted 
by:
• Individual factors: age, sex, tissue 

composition
• Electrode placement
• Current intensity
• Current phase / frequency
• Active vs. sham  

Safety, tolerability, ethical 
considerations
• Side effects: Skin burning/irritation, 

headaches, fatigue
– But both active & sham?

• Pediatric populations – phase, freq
• Unknown long-term consequences

– Efficacy, but also ongoing side effects
• Limited regulation: 

– Approved by FDA in 2008
– Technicians: do-it-yourself?

Reed & Kadosh, 2018



Considerations for affective neuroscience
• Implemented in basic science
• Effective stimulation of emotional regions (e.g., limbic: 

AMY, insula)?
– TMS/tES depth and location
– Duration of stimulation

• Pediatric and special populations



Example: tES of limbic cortex during sleep
• Premise: Impaired sleep à mild cognitive impairment 

(MCI) à Alzheimer’s disease (AD)
– Slow-wave sleep oscillations (SO; non-REM stage 3, N3) clears 

glial-lymph metabolic toxins

Hathaway et al., 2021

SO originate in PFC and travel across cortexà
unpublished work indicates anterior limbic, which 
can be captured at frontopolar/inferior frontal

Goal 1: Stimulate ant.limbic à Enhance N3 sleep
Goal 2: Lower tES current levels from usual 1-2 
mA to 0.5 mA 



Example: Subjects, design

• 10 adults (age 20-67 years)

• 3 overnight sessions w/EEG + TMS

– 1st adaptation night

– 2nd sham or active (CB)

– 3rd sham or active (CB)

Hathaway et al., 2021

This modeling and source localization were 
computed with a head conductivity model 
constructed for each subject.



Example: Subjects, design

Hathaway et al., 2021

Previous locations 
for tES (dlPFC)

CURRENT STUDY
Frontopolar (Fp1/2) 
and inferior lateral 
frontal (F9, F10)

Sinks 
Dissipate heat

Sources



Example: Subjects, design
• Source localization based upon each subject’s head 
• Use machine learning to detect sleep stages

– Training, validation, test
– Just as accurate (84%) as human raters (40-82%)

• Score amount of time in sleep stages (excluding any 
stimulation periods)

Hathaway et al., 2021



Example: Results

Hathaway et al., 2021

Increased time and % of total sleep in N3 stage 

Goal 1: Stimulate ant.limbic à Enhance N3 sleep: Increased time and % of total sleep in N3 stage 

Goal 2: Lower tES current levels from usual 1-2 mA to 0.5 mA à Yes, successful



Wrap-up:
Cognition and attention can 
modulate emotion perception 
and emotion regulation

Direct stimulation (or 
suppression) of the brain may 
also modulate regulation



Wednesday class
• Facilitators: Hannah, Nicole
• Increased attention to emotion (ERP) à Increased autonomic nervous 

system (RSA)
– Woody, M. L., James, K., Foster, C. E., Owens, M., Feurer, C., Kudinova, A. Y., & Gibb, B. E. 

(2019). Children’s sustained attention to emotional facial expressions and their autonomic nervous 
system reactivity during parent-child interactions. Biological psychology, 142, 37-44.

• Math interference: Understanding cognitive load
– Van Dillen, L. F., Heslenfeld, D. J., & Koole, S. L. (2009). Tuning down the emotional brain: an fMRI 

study of the effects of cognitive load on the processing of affective images. Neuroimage, 45(4), 
1212-1219.

• Does attention (mindfulness) training help emotion regulation?
– Rosenbaum, D., Kroczek, A. M., Hudak, J., Rubel, J., Maier, M. J., Sorg, T., ... & Ehlis, A. C. 

(2020). Neural correlates of mindful emotion regulation in high and low ruminators. Scientific 
reports, 10(1), 1-15.

http://weebly-file/1/2/6/9/126995094/woody_2019.pdf
http://weebly-file/1/2/6/9/126995094/van_dillen_2009.pdf
http://weebly-file/1/2/6/9/126995094/rosenbaum_2020.pdf


Extra credit option CLOSES TODAY
• Open until 3/22
• This extra credit assignment is designed to help you prepare your 

research proposal (intro/methods).
– Enter your title 
– Describe your topic
– State your anticipated methodological approach (fMRI/fNIRS, 

physiological, eye tracking, EEG/ERP, MEG). 
– Lastly, there is a space for you to ask Caitlin specific questions 

• Informal discussion board style writing is perfectly acceptable.



Upcoming schedule
Sun Mon Tues Wed Thurs Fri Sat

3/21
W11

3/22: Role of cognition/attention & 
AffNeuro as treatment

3/23 3/24 3/25 3/26 3/27

Extra credit due DB due Discussion led by Hannah & Nicole

3/28
W12

3/29: Clinical and environmental 
considerations

3/30 3/31 4/1 4/2 4/3

Week 14 paper draft due*
Giana, Josh, Shayne, Betty

DB due Discussion led by Haley & Brandon
Week 14 paper draft due* 
Kelly, Andrea, Nicole, Rebecca

4/4
W13

4/5: Love & cultural considerations 4/6 4/7 4/8 4/9 4/10

Special guest: Dr. Mengya Xia
Week 15 paper draft due*
Candice, Hannah, Haley, Sarah

DB due Discussion led by Bobby & Caitlin 
Week 15 paper draft due*
Brandon, Bobby, Liz, Kaleigh

* Pre-review/pre-grading is optional but encouraged.



Upcoming schedule
Sun Mon Tues Wed Thurs Fri Sat

4/11 4/12 4/13 4/14 4/15 4/16 4/17
W14 4 presenters: Giana, Josh, Shayne,

Betty
4 presenters: Kelly, Andrea, Nicole, Rebecca

4/18 4/19 4/20 4/21 4/22 4/23 4/24
W15 4 presenters: Candice, Hannah, 

Haley, Sarah
4 presenters: Brandon, Bobby, Liz, Kaleigh

4/25
FINAL

4/26
Due Monday: Final edits of paper 
due @ 11:59 pm



Biofeedback – stimulation methodology

https://artsci.washington.edu/news/2016-08/mind-games


