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Supplementary Text S2: Pilot Study for stimulus selection

Participants: Forty-three participants (20 females, mean age = 31.35, age range 16-66), recruited by email and social media,

responded to an online survey designed to identify the emotional expression of musical excerpts. The survey took approxi-

mately 20 minutes to complete. The participants were not compensated for their participation.

Stimuli: To select the appropriate stimuli for the main experiment, we collected 15 musical pieces (eight with a heroic emo-

tional expression and seven with a sad expression) that mainly originated from film, video games and classical music. To

reduce the overall duration of the survey, each stimulus was shortened to 20-seconds, because this time is well sufficient to

identify the emotional expression of a musical piece.1

Procedure: Participants were provided with the link to the online survey and used their own computers at any time and lo-

cation of their convenience. The platform used was Google-forms (https://docs.google.com/forms/), since the music stimuli

could be implemented (by converting them into "YouTube"-clips) in the survey. The participants were informed that the sur-

vey was about musical impressions and they were instructed to listen to the music using headphones in a quiet environment.

Before the participants were exposed to the musical excerpts, they were asked to set the audio levels to a comfortable volume,

by using a provided neutral music excerpt as aid, and instructed not to adjust the loudness during music exposure.

The participants were then exposed to each of the 15 music stimuli. After each music stimulus, participants evaluated the

music’s emotional expression using 7-point Likert scales (Supplementary Table S4 provides an overview of these questions

and their translation into English). That is, the participants were asked which emotion they thought the music was supposed

to express, rather than how the music made them feel. There were 10 items assessing the emotional expression of the music.

Five of these ten items were selected from the Geneva Emotional Music Scale (GEMS),2 these items were: sadness, nostalgia,

power, inspired, and peacefulness. Four additional items assessed how strongly the music expressed (i) heroism and (ii)

courage, as well as the perceived (iii) arousal and (iv) pleasantness. Finally, participants of the pilot study (but not of the main

experiment) rated their familiarity with the pieces on a five-point scale (from 1 = "not at all, I have not heard it before" to

5 = "very well known, I have heard it before"). The presentation order of the music excerpts was randomized.

Results: The most suitable stimuli were selected based on the difference between the scores on the items assessing

expressed sadness and heroism (items #3 and #4 in Supplementary Table S4); other items were also used in case that this

difference was similar for several combinations of heroic and sad stimuli. For the sad condition, the selected music was rated

as pleasant (M = 5.34, SEM = .16), not arousing (M = 1.91, SEM = .11), sad (M = 5.52, SEM = .15), not heroic

(M = 2.34, SEM = .18), a little nostalgic (M = 4.84, SEM = .21), not powerful (M = 3.33, SEM = .19), not

inspirational (M = 3.34, SEM = .20), peaceful (M = 5.03, SEM = .17), not courageous (M = 2.71, SEM = .20), and

not familiar (M = 2.29, SEM = .13). For the heroic condition, the music selected was rated as slightly pleasant (M = 4.78,

SEM = .13), arousing (M = 5.43, SEM = .8), not sad (M = 2.23, SEM = .14), heroic (M = 6.08, SEM = .11), not

very nostalgic (M = 3.42, SEM = .17), powerful (M = 5.67, SEM = .10), inspirational (M = 4.99, SEM = .15), not

peaceful (M = 2.50, SEM = .13), courageous (M = 5.64, SEM = .11), and not very familiar (M = 2.78, SEM = .14).

After stimulus selection, the excerpts were grouped into three pairs (one sad and one heroic stimulus within each pair) with

the highest significant difference to the opposite emotional expression and that could best be matched in tempo.
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