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Introduction
Emotions can be classified from brain activity patterns measured with 
BOLD-fMRI (Kragel and LaBar 2014), suggesting that at least some 
emotions have a discrete neural basis. 

Different emotions are represented in mostly overlapping brain areas and 
the current emotional state can be decoded from the distribution of voxel 
activations in different areas (Saarimäki et al. 2016). 

However, little is known about whether the connectivity patterns between 
different emotion-related brain areas also convey information of the current 
emotional state.
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Haemodynamic brain activity was measured with 3-T functional magnetic resonance 
imaging (fMRI) from 16 female participants. 

Emotions were induced by guided mental imagery based on listening of 60 s stories that 
triggered six emotional states (anger, fear, disgust, happiness, sadness, surprise) and a 
neutral state (Figure 1a).

Haemodynamic signals were analyzed from the duration of each story and by taking the 
average time series for each emotion minus the neutral condition.

Connectivity was calculated as the Pearson correlation between average time series 
within and between 264 seeds constituting 10 functional systems (Power et al., 2014, 
Figure 1b).

Differences in functional connectivity patterns between emotions were investigated by 
training a support vector classifier with a linear kernel and leave-one-subject-out 
crossvalidation and implementing a one-vs-rest multi-class scheme (Figure 1c-d). A 
classifier was trained for each within and between system ROI separately.
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During emotional processing, connectivity within default mode, cingulo-
opercular, somatosensory, salience, and ventral attention systems increases. 
Also, connectivity increases between cingulo-opercular and salience 
systems. 

Different emotions have distinct connectivity patterns especially in 
connections within default mode system (classification accuracy 30%), and in 
connections between default mode and dorsal attention systems (23%), 
dorsal attention and motor-somatosensory systems (22%), and ventral 
attention and salience systems (22%). 

We conclude that different emotions have partly distinct connectivity patterns 
within default mode network that also show distinct activity patterns for 
different emotions (Saarimäki et al., 2016). Also, connections between dorsal 
and ventral attention systems and midline, somatomotor, and subcortical 
salience regions show distinct signatures for different emotions.
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2. Classification accuracies were highest for connections within the default 
mode system and between dorsal attention and default mode systems.

A. Classification accuracies for connectivity within and between each ROI (chance level 16.6%). 
B. Confusion matrices for within and between ROI connections thresdholded to show only above 
chance level classification.
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1. Experimental design and data analysis pipeline.

A. Experimental design. The highlighted time period was used for calculating the connectivity matrices. 
B. Left: Functional systems of interest based on Power et al. (2011). Right: Connectivity matrices were 
calculated using Pearson correlation between each pair of 264 node time series for each subject and for 
each story. C. The connectivity matrices (samples = one connectivity matrix for each of the five stories 
per category from N-1 subjects) were fed as training input for a linear suppor vector classifier. D. The 
classifier was tested with new data (five stories per category from the left-out subject). The training and 
testing procedures were repeated for each leave-one-subject-out cross-validation fold and the classifier 
accuracy was evaluated as the average over the cross-validation folds.
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3. Average connectivity matrices across participants for each emotion 
minus the neutral condition.

One-sample t test across participants in each emotions minus neutral condition separately.
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