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“Where is she is looking at?”

“What is she thinking about me?”

“Does she  
love me?”

“How do I  
feel when  

she looks at  
me this 
way?”



Reinforcing 
social  
bonds

Bridging the gap  
between the brains
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Nummenmaa et al (2014 NeuroImage)



complexity of the stimuli, some stimuli evoked highly
reliable and time-locked activity in many brain areas
[4,10] (Figures 1 and 2).

In what follows, we first review the evidence that some
naturalistic stimuli (e.g. movies, TV shows and audio-
books) evoke highly reliable, time-locked and functionally

selective response time courses throughout the brain, even
in brain regions that often do not show much response
modulation with conventional experimental protocols
(Box 1 presents a brief overview of a broader set of
measurements and hypotheses related to the use of nat-
uralistic stimuli). Next, we review evidence for dissociation

Figure 1. Reliability within and between subjects. Upper panels: Responses evoked by the Sergio Leone movie, from early auditory cortex (A1+, see Glossary) in each of
four subjects. Each subject watched the movie twice. The two curves in each panel correspond to responses evoked within each subject (S1, S2, S3 and S4) by the repeated
presentations. Black numbers: correlation coefficient between the two response time courses within each subject (intra-SC). Red numbers: correlation coefficients across
subjects (inter-SC). Lower panel: Response time courses for each subject, averaged across the two repetitions, and grand mean averaged across the four subjects (black
curve). The results shown here for the Sergio Leone movie (and in subsequent figures) are from a replication of the originally published data set [4]; we repeated the
experiment in order to have a direct comparison between this and the other films (same fMRI scanner and data acquisition protocol) for Figure 2.

Figure 2. Reliability of responses to different movies. Medial and lateral views of ‘inflated’ right hemisphere depicting the inter-SC maps for four different movies. Posterior
areas (P) are toward the middle of each panel, whereas anterior areas (A) are facing the sides. The fMRI measurements for all four movies were acquired with the same
equipment and procedures. In addition, to have comparable statistical power, we matched the number of subjects (n = 8), and the length of the time courses of all stimuli by
extracting seven minutes of fMRI measurements from each of them. Inter-SC was computed by first splitting the eight subjects into two groups, averaging the response time
courses separately for each group, and then by computing the correlation coefficients between the two resulting response time courses at each cortical location. Colored regions
represent locations forwhich the correlations exceeded a threshold value (0.25, p < 0.001; chosen because it was above the highest inter-SC value exhibited by any voxel for two
different movies). The Hitchcock episode and the Leone and Chaplin movies evoked far greater and more extensive inter-SC than the real-life, unedited video. The Hitchcock
episode evoked more reliable responses in prefrontal cortex than the other three stimuli.
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Listeners (n = 16)

fMRI session!
Listen to the pre-recorded 

stories during fMRI imaging 
Total 45 min scan 

Recall & write up!
15 positive 
15 negative 
15 neutral life events 
Each lasting ~45s 

fMRI session!
Narrate the stories  
during fMRI imaging  
Recording with noise-cancelling 
microphone; off-line denoising 
Valence and arousal ratings

Speakers (n = 2)





Emotional contagion promotes speaker-listener 
neural coupling

Glerean  et al (2012 Brain Conn); Nummenmaa et al (2014 J Neurosci; 2014 NeuroImage)



Does emotional contagion promote speaker-
listener neural coupling?

Speakers Listeners

Regression with valence and arousal time series



Ar
ou

sa
l p

os
itiv

e

pSTS, TPJ Premotor cortexSomatosensory cortex
2

5
Va

le
nc

e 
ne

ga
tiv

e

Auditory cortex Medial frontal cortex Auditory cortex -2

-5



Representational similarity analysis
Representational 

similarity  
analysis

Whole brain correlation map!
where the similarity of brain activation matches  
intersubject consistency of subjective feelings
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Similar mind states are associated with similar 
brain states
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Acoustic signal

Emotional semantics 
and emotional contagion

Brain-to-brain coupling

..and I have never  
felt happier… 





PET camera Coincedence detection Reconstructed image

Positron(Emission(Tomography!allows!in!vivo!quan,fica,on!
of!the!distribu,on!of!specific!chemical!compounds.!It!can!
thus!be!used!for!studying!specific!neurotransmi<er!systems.!





51-min social touch scan 51-min baseline scan 2-hour decay break 

Order counterbalanced across participants 

…"

Nummenmaa et al (submitted)
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Small social networks

Insecure social relationships

Substance abuse

Psychological adjustment problems

Loneliness

Relationship dissatisfaction



Panksepp (2002 Science)



Manninen et al (2014 NRM)
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A) Orbitofrontal cortex B) Thalamus 

r!=!0.31! r!=!0.30!

Manninen et al (2014 NRM)



Conclusions
• Emotional contagion promotes speaker-listener neural coupling 

• Endogenous opioid system underlies maintenance of social bonds 

• Altered mu receptor tone is associated with insecure adult 
attachment 

• Mu-receptor system could be the prime neurochemical pathway 
maintaining social relationships
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