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Discussion

• Participants in the roughness and control conditions rated positive facial expressions as more negative compared 

to the participants in the silence condition.

• We did not find any significant differences regarding the overall memory performance among the experimental 

groups, suggesting that acoustic roughness does not induce a general attention-enhancing or distractive effect 

on the long-term memory for emotional facial expressions.

• There is a general negativity bias in the long-term memory for ambiguous facial expressions even in the silence 

condition.

• There might be a small trend towards a stronger negativity bias in the roughness condition compared to the other 

conditions in the confusion matrix diagonal levels 3-6, but this trend is statistically not significant. Thus, our data 

is currently inconclusive regarding the aversiveness hypothesis for the effect of acoustic roughness on long-term 

memory for ambiguous emotional facial expressions.

• Results suggest that the control stimuli used in the experiment might have been as aversive as the rough stimuli.

Materials and Methods

Task and Procedure

• We used a recognition memory task comprising three phases: encoding, distraction, and recognition. 

• According to the group they are allocated, participants viewed facial expressions along with rough sounds 

(roughness group), non-rough sounds (control group), or no sound (silence group) in the encoding phase. 

Stimuli

• We presented participants with positive, negative, and ambiguous cues, which were morphed facial expressions 

with differing emotional content. 

• Happy facial expressions comprised positive cues, while fearful facial expressions comprised negative cues. 

• Stimuli used for morphing were obtained from the FACES Database. 

Participants

• One hundred fifteen undergraduate students took part in the study. We excluded 5 of the participants as 3 of 

them did not have significant encoding correlations and 2 of them did not have a distraction accuracy above 57%. 

• The final sample consisted of 110 participants (97 female, 13 male) with an age range of 18-26 (M=21, SD=1.5). 
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Group 1 (Control): 10 

Hz Click Sound

Group 2 (Rough): 40 

Hz Click Sound

Group 3 (Silence): 

No Sound

How positive or negative 

was the facial expression 

you just saw?

Indicate the facial expression 

you have viewed in the first 

phase of the experiment. 

Is the number you see on 

the screen now the same 

as the number you saw 2 

items ago?

Auditory Stimuli: 5 seconds

Visual Stimuli: 5 seconds

~5 minutes

No Time Limit

No Time Limit

Analyses and Results

Valence Ratings of Morphed Facial Expressions During Encoding

• We conducted a mixed ANOVA to observe 

differences between groups in valence ratings for 

each morph category. 

• Our results showed that morph category had a 

significant effect on valence ratings 

F(3.37,360.79)=837, p<.001).

• We also showed that there was a significant 

interaction between morph category and group on 

valence ratings (F(6.74,360.79)=3.51, p=.001). 

• We could not find any significant difference between 

roughness and control groups. 

• We found a significant difference between

roughness and silence groups for the two most 

positive morph categories.

• We also found a significant difference between 

control and silence groups for the same two most 

positive morph categories.

• Overall, positive morphed facial expressions are 

perceived to be more negative in control and 

roughness conditions, compared to the silence 

condition.

Distraction Task Accuracy

• To test whether there were any differences 

between the groups in distraction task 

accuracies, we conducted a one-way 

ANOVA.

• Our results showed that there were not any 

significant differences among the groups 

(p=0.19).

Retrieval Task Accuracy

• To test whether there were any differences 

between the groups in retrieval accuracy, 

we conducted a one-way ANOVA. 

• Our results showed that there were not any 

significant differences among the groups 

(p=0.56).

• Though there were not any differences between the three groups in terms of accuracy, our confusion matrices 

showed that facial expressions with less ambiguity seem to be retrieved better in comparison to ambiguous facial 

expressions. 

Negativity Bias 

• To test whether there were any 

differences in the negativity biases of

incorrect recalls between the groups, 

we grouped the upper and lower

diagonals of the confusion matrices

as 1-2, 3-4, and 5-6.

• A mixed ANOVA with diagonal levels

and groups showed that there were 

not any significant differences among

the groups (p= 0.16), though there 

might be a trend towards the

roughness group having a stronger 

negativity bias for diagonal levels 3-

4.
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Acoustic roughness is a percept induced by auditory signals with amplitude modulations within the 30-150 Hz 

frequency range (Arnal et al, 2019). 

Hypotheses

• We hold an exploratory standpoint and compare the predictions of different perspectives on the effect of acoustic

roughness on the long-term memory for ambiguous emotional facial expressions.

• If acoustic roughness induces a strong attention-enhancing effect, then the memory performance of participants in

the rough sound condition would be significantly higher than those in the control conditions.

• If acoustic roughness induces a valence-free distractive effect, then the memory performance of participants in the

rough sound condition would be significantly lower than those in the control conditions but there will be no positivity

or negativity bias in their incorrect recalls.

• If acoustic roughness induces an aversive effect, then the memory performance of participants in the rough sound

condition would be significantly lower than those in the control conditions and there will be a negativity bias in their

incorrect recalls.

• Alarming sounds such as human screams and baby cries elicit acoustic 

roughness perception (Di Stefano, 2022). 

• Despite the large space acoustic roughness occupies in the modulation 

power spectrum of acoustic communication signals, it was thought to have 

no ecological meaning until recently (Arnal et al., 2015).  

• Research conducted in the last decade indicated that acoustic roughness 

either has a general attention-grabbing effect or selectively signals 

aversiveness. 

• The literature suggests that vocalizations with greater acoustic roughness 

increase the aversiveness of the negative vocalizations and reverse the 

valence from positive to negative, exclusively when the context in which 

the sound is presented is ambiguous (Anikin et al, 2020). 

• Emotional facial expressions are one of the most prominent social cues 

that can be present in daily life along with rough sounds. Despite this daily 

coupling, the potential effect of acoustic roughness on the long-term 

memory for emotional facial expressions has not yet been investigated. 

Introduction

References: 1) Anikin, A., Pisanski, K., & Reby, D. (2020). Do nonlinear vocal phenomena signal negative valence or high emotion intensity?. Royal Society open science, 7(12), 201306. 2) Arnal, L. H., Flinker, A., Kleinschmidt, A., Giraud, A. L., & Poeppel, D. (2015). Human screams occupy a privileged niche in the communication soundscape. Current 

Biology, 25(15), 2051-2056. 3) Arnal, L. H., Kleinschmidt, A., Spinelli, L., Giraud, A. L., & Mégevand, P. (2019). The rough sound of salience enhances aversion through neural synchronisation. Nature communications, 10(1), 3671. 4) Di Stefano, N., & Spence, C. (2022). Roughness perception: A multisensory/crossmodal perspective. Attention, Perception, & 
Psychophysics, 84(7), 2087-2114.
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