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Interacting Emotional and Cognitive Processes
Research Question

How and in what circumstances do 

cognitive states, like attention or 

cognitive load, top-down modulate 

emotional processing?

How do emotional stimuli affect 

cognitive processes, such as memory, 

attention, or executive functioning 

due to their salience and bottom-up 

effects? 
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Less Research in Naturalistic Environments Studying the Interaction of 

Multiple Load Levels and Emotions!



Slide 4

Interacting Emotional and Cognitive Processes
Bottom-Up and Top-Down Effects on Cognitive Resources

Emotional speech affects visuo-spatial 

attention (Dolcos & Denkova, 2014; Dolcos et al., 

2011)

Cognitive load modulates emotional 

speech processing (e.g., Zekveld et al., 2018)

If cognitive resources are available 

prefrontal control mechanisms 

prevent interference (Schweizer et al. 2019; 

Pacios et al. 2021).
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Interacting Emotional and Cognitive Processes
Neurophysiological Basis Emotional speech affects visuo-spatial 

attention (Dolcos & Denkova, 2014; Dolcos et al., 

2011)

Cognitive load modulates emotional 

speech processing (e.g., Zekveld et al., 2018)

If cognitive resources are available 

prefrontal control mechanisms 

prevent interference (Schweizer et al. 2019; 

Pacios et al. 2021).

Neuroergonomic power indices 

frontal θ / parietal α
(Gevins et al., 1995; Raufi & Longo, 2022)

lateralized α
(Ahern & Schwartz, 1985; Smith et al., 2017)
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Manipulating Multiple Cognitive Load Levels and Emotions

↓ Cognitive 

Load 

Negative
LV

Neutral
NV

Positive
HV

↑ Cognitive 

Load 
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Magnetoencephalography Study: Emotional Speech and Simulated Driving 
Within-Subject Block Design with Ntotal = 48 (Mage= 25.25 ± 4.01)
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Preprocessing and Analysis Pipeline

Define ROIs & 
Indices

Automated ICA 
ECG/EOG

Bandpass Filter IIR 
(4th order 0.1 - 42 

Hz)

Bad Channel Detection 
(Manual + Automatic)

PSD Calculation 
with Multitaper
(Bandwidth 2)

Epoching (0 – 5s)

Maxwell Filter 
(Default Settings)

Head Movement 
Correction

Stats with LME Models 
& MCS Bootstrapping

Spatial Clustering F and T Statistic

Source: https://benediktehinger.de/blog/science/statistics-cluster-permutation-test/
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Oscillatory Signatures of Emotional Stimulation
Coping Mechanisms but also Social Cognition

↑ Bilateral Frontotemporal θ

Executive Control Mechanisms 
(Lowe et al., 2018; Rajan et al., 2019) 

Reallocation of Directed Attention 
(Fellrath et al., 2016; Kam et al., 2019)

Social Cognition (Keysers & Gazzola, 2006)

↑ General & Lateralised Temporal α & β

Functional Inhibition of (Right) Temporo-

parietal Emotion-based Activation (Klimesch et 

al., 2007; Lettieri et al., 2019; Pavlov & Kotchoubey, 2022)

Emotion- but not Valence-based Right 

Alpha Lateralisation (Güntürkün et al., 2020 but cf. 

Smith et al., 2017)

Alpha α
(8- 12 Hz)

Theta θ
(4- 7 Hz)

Beta β
(15- 25 Hz)

(p < 0.001)(RH: p = 0.023)

-

(p < 0.001)

(p < 0.001)(LH: p = 0.015; 
RH: p = 0.039)

-

(p < 0.001)

-

(FAA)

𝑭Emotion(2, 205.0) = 2.90 

p < 0.042
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↓ Occipito-parietal β

Enhanced Visual Processing
(Liu et al., 2023) 

Reduced Functional Inhibition
(Liu et al., 2023)

↑ Increased Load Index 

but also 

Emotion Effect: ↑ Increased Load Index  
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Oscillatory Signatures of Cognitive Load
Increased Visual Processing to Maintain Task Performance

↓ Cognitive 

Load 

↑ Cognitive 

Load 
-

↓ Cognitive 

Load 

↑ Cognitive 

Load 

-

-
Is there an Emotion-Cognition 
Interaction?

Beta β
(15- 25 Hz)

(p < 0.001)

𝑭Load(1, 205) = 10.21, p = 0.002

𝑭Emotion(2, 205) = 2.58, p = 0.078 (n.s)

Neuroergonomic Index
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Benefit of Measuring Multimodal
Insights from Fixations on Region of Interest

↑ Dynamic Gaze Behaviour

-

↑ Cognitive 

Demand?

Sleepily 

Staring Ahead?

vs.

Fixation Duration - Windscreen Fixation Duration – Right Mirror

𝑭Emotion(2, 203.98) = 4.64, p < 0.011 𝑭Emotion(2, 199.18) = 4.84, p < 0.009
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↓ Dynamic gaze behaviour & ↑ Pupil 

Dilation indicates limited cognitive 

resources

When sufficient cognitive resources are

available negative emotional speech is

specifically processed and preferred over

neutral speech!

Social Cognition (Keysers & Gazzola, 2006)

Gathering Socio-Emotional Information 
(Rosnow, 2001; Peters et al., 2009)
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Multimodal Evidence for the Interaction
Negative Emotional Conversations Matter 

↓ Cognitive 

Load 

↑ Cognitive 

Load 

Cognitive Load Effect Emotion Effect Interaction Effect

↑ Cognitive 

Load ≈
Duration Dashboard: 𝑭Load(1, 205)= 7.00, p < 0.009

- ↑ Cognitive 

Load 

Duration Left Mirror:  𝑭Load(1, 201.21)= 13.02, p < 0.001

Count Windscreen:  𝑭Load(1, 203.94)
= 33.09, p < 0.001 𝑭Interaction(2, 205)

= 7.00, p < 0.027

Valence: 𝑭Emotion(2, 235)= 14.53, p < 0.001
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𝑭Interaction(2, 235)
= 4.26, p < 0.015
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𝑭Load(1, 235)= 16.04, p < 0.001 

Effort: 𝑭Emotion(2, 235)= 7.87, p < 0.001

 𝑭Load(1, 235)= 30.99, p < 0.001
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Take Home Message

Emotional speech trigger specific processing modes to optimize information processing and the demand on 
cognitive resources.
• α based gating mechanisms & lateralized processing
• fronto-temporal theta social cognition

When cognitive resources are available, task-irrelevant emotional speech is preferred to neutral speech 
because it may still contain potentially valuable social information. When cognitive resources are scarce, 
negative emotional conversation are more cognitively demanding compared due neutral speech.

Multimodal measures allow for coherent evidence and facilitate inference about underlying cognitive processes 
in naturalistic (less controlled) scenarios.
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