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Background

* Music and social bonding hypothesis: playing music together can induce physiological synchrony (PS), fostering social bonding and group cohesion [1-4

—> Research question: Does PS during passive music listening produce comparable social outcomes, and how does it relate to distinct autonomic pathways?
* Heart rate variability (HRV): marker of autonomic nervous system adaptability [>-¢l: HRV-synchronization: autonomic coupling; temporal alignment [347]

—> HRV frequencies: Decomposed into the following frequency bands to study the contribution of different autonomic processes:

Upper high frequency (UHF, 2-4 s): fast oscillations indicative of immediate (‘moment-to-moment’) vagal reactivity, strongly tied to respiration
Lower high frequency (LHF, 4-8 s): intermediate, predominantly vagally-mediated oscillations and short-term regulatory modulation

Upper low frequency (ULF, 8-16 s): slower, tonic oscillations associated with baroreflex activity and longer autonomic regulation processes
Lower low frequency (LLF, 16—-24 s): very slow oscillations connected to long-term autonomic adjustments and blood vessel regulation

Methods

* Classical live concert audience (N =24, M, = 24.1, 71% female)
* Criteria: v 18-35 years, C1 German; X cardiovascular disease, pregnant

continuous recording of the heart rate
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* Key measures: HRV-synchronization via cross-wavelet power analyses [8/;

) welcome | B| base 1 || break 1 || concertpt.1 || break 2 || concertpt. 2 || break 3 || base 2 debriefing
perceived closeness (Overlap of Self, Ingroup, and Outgroup Scale; pre-
post; self-audience-orchestra) 1°!: donation to orchestra; audience 5.30 6.15 7.00 -7.35 7.58 -8.59 9.06 time (pm)
variables (mUSical absorption, musical expertise, Seating distance) Fig. 1. Timetable and experiment procedure. Interactions and movement allowed during break 1 + 2, seated
during break 3. Concert pt. 2 = analyzed piece (= event 1-10; 7.58-8.48 pm), applause, choir performance.
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Observations

Fig. 3. HRV synchronization over time and frequency bands. Standardized cross-wavelet power (z-CWP) of dyads
(N=276) was calculated for 60 one-minute-intervals consisting of the pre- and postbaseline (5 min each) and the
last concert piece (50 min, split into 10 events) for the four frequency bands: upper high (UHF), lower high (LHF),

Fig. 2. Cross wavelet power analysis of HRV-synchronization of an exemplary dyad over time. Warmer colors
indicate higher coherence, white lines contour significance (p < .05), and arrows show phase relationships (right =

in-phase, left = anti-phase). Baselines (B1, B2), concert halves (pt. 1/2), and frequency bands are marked. upper low (ULF) and lower low frequency (LLF). Higher values indicate stronger physiological synchronization.
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Summary and conclusion
-®- Self-audience
T Pudereeoeente Except for UHF, baseline und break seemed to generate highest PS, while
: 3 UHF seemed to be sensitive to music exposure.
) ©B  Audience variables: No consistent main effects, dynamic modulation;
: < consistent trend of increased PS with reduced seating distance
M * Perceived closeness: to the orchestra increased robustly pre- to post-
z ; S : : S — concert, not the audience; PS predicted increased orchestra closeness
ime poin .
across all frequency bands (R? = .04), especially UHF (R? =.09), whereas
Fig. 4. (a) Individual perceived audience and orchestra closeness pre- and post-concert (N=24). Points below the onIy LF-PS predicted audience closeness (ULFZ R? = .07, LLF: R? =05)
dotted line indicate decrease and points above increase over time (scale: 1-7). (b) Dyadic perceived closeness to e Prosocial behavior (donation)' UHF-PS showed substa ntia”y h|gher %
audience and orchestra over time (N=276). Perceived closeness values were averaged within dyads. Significant | R2= 14 h LHE-PS d LLE-PS (R2 = 02
interaction effect (F; ,;5=110.11, p <.001, n?,=.29) and simple effect for orchestra (t=-17.51, p <.001, d=-1.03), explanatory power ( — - ) than - an - ( — ) //:j

but not audience closeness (t=-2.42, p =.10, d=-.19). Error bars indicate the 95%-confidence intervals.

* Limitations: lower control in naturalistic setting; no causal inference of
underlying mechanisms; baseline may be affected by preceding social
interaction, movement and paced breathing
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— Music-induced PS operates in a frequency-specific manner, translating
into socially meaningful outcomes. Distinct autonomic pathways may
support different aspects of social alighment, warranting further
investigation. Underlying mechanisms and multimodal hyperscanning
including respiration should be explored. By linking time- and frequency-
resolved HRV synchronization to autonomic function, audience variables,
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Ei . 5. Regression plots. Average concert PS (UHF/ULF) on (a) chan§e in perceived closeness to audience (B =.27, and social bOnding in a naturalistic concert Setting; this StUdV h|ghllght5

=.07, p<.001) and (b) orchestra (B = .30, R*=.09, p <.001), and (c) mean donations (B =.37, R*= .14, p <.001). how shared physiological responses to music can facilitate social cohesion.
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