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QUESTION: Do seen & heard emotions interact to 
influence perception and the stress response?

METHODS

CONCLUSIONS
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PREDICTIONS FOR PERCEPTION

PERCEPTUAL RESULTS  CORTISOL RESULTS 

Participants viewed a series of morphed faces and rated faces as happy or angry in a 2-AFC button-press paradigm. 
Based on responses, we established each participant’s baseline point of subjective equality (PSE), where they perceived 
the face equally happy and angry. Then participants were adapted to a series of either 100% happy or 100% angry faces 
with a concurrent sound that was positive or negative, matching the emotional valence of the face (congruent) or the 
opposite emotional valence (incongruent). Following adaptation, participants viewed and rated the same morphed faces 
and we quantified the change in PSE. These methods were adapted from previous work (Ng, Ciaramitaro et. al., 2006).

Face stimuli were selected from the NimStim database (Tottenham et al., 2009). Adaptation included 30 unique faces (15 
female) either 100% happy or angry. Probe images included a subset of the adaptation faces, 8 unique faces (4 female), 
morphed along an emotional continuum of angry to neutral to happy (80%, 40%, 20% 10% or 0% of a given emotion). 
Auditory stimuli were non-linguistic crowd sounds, containing male and female voices.

Probe Stimuli 

PREDICTIONS FOR CORTISOL

PERCEPTUAL PHYSIOLOGICAL CORRELATIONS 
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R = .14
p = .29

Adapt Happy Adapt Angry

Cortisol Change 
(logPost - logPre)/logPre

PS
E 

C
ha

ng
e 

(%
)

R = -.36
p = .004***

Cortisol Change
(logPost - logPre)/logPre

A
ng

ry
H

ap
py

Less Aroused More Aroused Less Aroused More Aroused

A
ng

ry
H

ap
py

At baseline PSE is a 0% morph.Post-adapt 
happy the same morph appears 25% angrier.

At baseline PSE is a 0% morph.Post-adapt 
angry the same morph appears 25% happier.

Cortisol levels were determined  by 
measuring the intensity of transmitted
light via spectroscopy. Color develop-
ment was a by-product of an enzymatic
reaction, with higher color intensity 
reflecting lower cortisol levels.

To quantify salivary cortisol:
1) 7 known standards were measured and 
fit with a 4-parameter logistic fuction.
2) Unknown concentrations were determined
by interpolation given known measures.
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Adapt faces: 
1/sec; 30 identities
15 females
(180 + 504 samples)

Probe faces:
1/sec; 8 identities
4 females
(64 samples)
8 reps 40, 20, 10% morphs 
8 reps neutral
4 reps 80% morph
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Faces convey important information, such as gender, identity or emotional state.
Much of this social information is provided in the exquisite detail of the visual features of a 
face. However, our other senses also convey important emotional information.

We used face adaptation to examine how the emotion seen in a face is influenced by concur-
rent heard emotions, when visual and auditory information is congruent (angry faces & nega-
tive sounds or happy faces & positive sounds) versus incongruent (angry faces and positive 
sounds or happy faces & negative sounds), as well as controls (only visual or only auditory 
information). We quantified how emotional valence across vision and audition alters (1) per-
ception of the face judged neutral and (2) the corresponding salivary cortisol response.

We predicted auditory emotional information would have the strongest effects on percieved 
emotion when congruent, and weaker effects when incongruent, with auditory alone having 
the weakest effect and visual alone being in between. We also predicted the strongest de-
crease in cortisol from the strongest positive emotions and the weakest decrease in cortisol 
from the strongest negative emotions.

In a total of 163 participants, we assessed how
seen & heard emotional information can alter the per-
ception of seen emotional faces and alter the corre-
sponding cortisol response, a proxy for participant 
arousal or stress.

1) Adaptation yielded perceptual aftereffects in the pre-
dicted direction, positive biases after exposure to 
angry faces and negative biases after exposure to 
happy faces. Perceptual effects differed significantly 
from 0 except following exposure to emotional sounds 
alone, where perceptual effects were weakest. 

2) Contrary to predictions, we found no significant dif-
ferences in perceptual aftereffects from exposure to 
congruent vs incongruent emotional information.

3) Cortisol levels decreased on average, although in-
creases were seen on an individual basis. Contrary to 
predictions, we found no significant differences in corti-
sol with emotional condition. 

4) We found a significant correlation between percep-
tual changes and cortisol changes. Following exposure 
to negative emotional information, larger decreases in 
cortisol (indicative of less stress), were correlated with 
more positive perceptual aftereffects (indicative of 
stronger biases to see a neutral face as happy).  

CONCLUSIONS:


