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Abstract
For over 5,000 years, chanting has been practiced across many Western and Eastern traditions. However, there is hardly any empirical research on 1) whether chants from across the globe share common acoustic properties, 2) whether these acoustic features make them distinct from other human vocalizations, and 3) the extent to which they may positively impact listeners’ well-being. Here we collected 242 chants belonging to seven distinct traditions and associated with a wide range of language families, and compared them acoustically to a large corpus of song (n=126) and speech (n=616) samples from across 14 linguistic and 12 geographical regions. We show that, irrespective of language and geographical origin, chants share distinctive acoustic traits, namely relatively flat and slow-changing intonation and steady, unbroken voicing in a comfortable, rather low pitch range with a prevalence of mid-central vowels. Thus, chants are produced in a relaxed vocal tract configuration with minimal articulation. Additionally, playback experiments involving original chants (with a participant pool of 61 listeners), resynthesized chants (with 114 listeners), and fully synthetic chants (with 80 listeners) demonstrate that these acoustic characteristics enhance listeners' perceived sensations of relaxation. Specifically, relatively flat and slow-changing intonation,  combined with vowel production in a relatively relaxed vocal tract configuration, resulted in higher overall relaxation ratings. Together these results hint at a specific function of chants’ acoustic commonalities: the enhancement of well-being through relaxation. 

Significance statement
This research presents the first evidence that chants possess distinct acoustic characteristics compared to speech and other genres of singing. Across different cultures, chants share common characteristics such as predominantly flat and slow--changing intonation, consistent and uninterrupted voicing in a comfortably low pitch range, minimal vibrato-like inflections, and a high proportion of mid-central vowels. Furthermore, this study demonstrates the impact of these acoustic features on subjective well-being, particularly in terms of promoting relaxation, implying that the acoustic form of chants has evolved culturally to optimize listener relaxation.



Main Text
Introduction
The acoustic form of vocal signals in the animal world, including various forms of human vocal signals, tends to be aligned with the function of these signals (1, 2). As part of the human vocal repertoire, singing noticeably exhibits universal form-function relationships that transcend cultural boundaries (3). For instance, lullabies, with their slow tempos and soft dynamics, soothe infants and reinforce caregiver bonds (4) while dance songs, driven by rhythmic regularity and strong beats, promote movement and social coordination (5). Chanting is another deeply rooted vocal practice found across cultures and religions, including Tibetan Buddhism (ngak), Hinduism (mantras), Paganism (Wiccan chants), and Sufism (Dhikr) (6-9). Characterised by the rhythmic repetition of words, sounds, or phrases (10), chanting is defined as a meditative vocal practice aimed at soothing, healing, and inducing altered states of consciousness (10-12). Despite being so widespread, chanting has received surprisingly little scientific scrutiny. Crucially, it remains unknown whether chants from different traditions share specific acoustic properties, or how these might contribute to their reported effects on emotional regulation and well-being. Here, to fill this gap and identify the acoustic signature of chanting, we first compared the acoustics of chants from seven major traditions with that of speech modes and singing genres. Then, to investigate the function of these acoustic features, we conducted three perceptual experiments to test their effect on subjective well-being.
	 One of the prominent social functions of chanting is to promote self-healing. Correspondingly, clinical research indicates that chanting reduces stress and enhances positive affect for various populations, including HIV patients (e.g., “Om Mani Padme Hum” from Buddhism, “Rama, Rama” from Hinduism, Lord have mercy from Christianity, “Shalom” from Judaism, “Allah” from Islam, and “O Wakan Tanka” from Native American spiritual traditions (4)), elderly individuals with hypertension (“OM” chant (13)), and those suffering from depression and anxiety (“OM” chant (13,14)). Non-clinical populations, including practitioners of Transcendental Meditation (15) and “OM” chanting (16), have also reported enhanced well-being through chanting practices. Physiological studies further support these findings. Chanting has been associated with improved respiratory function (e.g., “OM” chanting (17), “Ave Maria” rosary repetitions (18)), while neuroimaging research suggests that specific chants (e.g., “OM” and “Amitabha” mantras (19-21)) can induce mental calmness, enhance emotional balance, deactivate stress-related brain regions (e.g., amygdala), and increase activity in areas associated with emotion regulation (e.g., dorsal medial frontal cortex) and attentional control (e.g., dorsal attentional network). 
[bookmark: _Hlk191969068]While these findings indicate that chanting has measurable psychological and physiological effects, it remains unclear whether these effects are driven by shared acoustic properties. Music psychology research has traditionally focused on how melody, harmony, and rhythm shape cognition, including enhancements in memory, attention, and neuroplasticity (22). Additionally, engaging with music has been associated with improved well-being, reduced depression and anxiety symptoms, and enhanced quality of life (23). Studies link music listening to emotional well-being through mechanisms such as rhythmic entrainment, evaluative conditioning, changes in physiological arousal, and contagion (23, 24). Additionally, neuroimaging research suggests that music processing involves multiple brain areas, including the limbic system and prefrontal cortex, underscoring its role in emotion regulation and cognitive enhancement (22). Preliminary acoustic studies (25,26) indicate that chanting may exhibit systematic structural characteristics, such as slow tempo, across diverse traditions, including Eastern (OM chanting) and Western (Gregorian chanting) practices. Low-pitched, slow, and steady vocalizations are typically associated with relaxation and parasympathetic nervous system activation, while vocalizations with high and variable pitch signal urgency or arousal due to their connection with heightened autonomic activity (24). If chanting aligns with these established acoustic-arousal mappings, it may have evolved as a vocal behaviour that facilitates stress reduction and emotional stability. Despite these insights, research on chanting remains sparse, primarily focusing on a narrow range of chants and a limited set of acoustic characteristics (e.g., see 25-27) overlooking a more comprehensive analysis of how multiple parameters contribute to its effects on listeners. Beyond its psychological effects, chanting’s acoustic structure may explain its enduring role in collective rituals, meditation, and transcendental experiences across cultures (10). 
This gap calls for a systematic investigation into chanting as a regulatory vocal behavior. By examining its acoustic and psychological mechanisms, this research contributes to understanding its cross-cultural persistence, psychological impact, and broader theoretical significance within evolutionary psychology, music psychology, and cultural studies. Moreover, chanting holds practical value as a simple, cost-effective tool for emotional regulation. Unlike pharmacological or technology-based interventions, it requires no specialized equipment or training, making it accessible across diverse populations and settings.
[bookmark: _Hlk192851502]Research Objectives. The present study integrates comprehensive acoustic analyses of chants with playback studies of re-synthesized and synthesized chants from a diverse range of traditions. The term “tradition” here encompasses both structured and loosely defined systems, serving as a broad classification for different chant categories rather than a strictly religious or institutional definition. Specifically, this study aims to: (1) test the hypothesis that chants from different cultural and religious traditions across the globe share acoustic characteristics, distinguishing chanting from other forms of human verbal vocalizations, such as speech and singing (Study 1); (2) assess the influence that chanting has on listeners’ self-reported well-being, compared to listening to songs or speech (Study 2); (3) explore the acoustic features by which chants may impact listeners’ affective well-being  (Studies 3 and 4). 

Results
Is chanting acoustically different from other human verbal vocalizations, such as speech and singing? 
In Study 1, we conducted acoustic analyses of chants from seven traditions across the world (Fig. 1) obtained from our own recordings of individuals with chanting experience or from published recordings, focusing on pitch-related, formant-related and temporal features. We compared these acoustic features with values from our acoustic analyses of a large corpus of song and speech samples from across 14 linguistic and 12 geographical regions (28) (Details of recordings are in Table S1,dataset: https://osf.io/ajqvr). 
Differences in pitch-related features. We tested whether chants (N = 242) across seven traditions share pitch-related characteristics that differentiate them from singing (N = 153) and speech (N = 615). A Random Forest classifier using 15 pitch descriptives (see Materials and Methods) correctly distinguished chanting from speech and singing 91% of the time (chance level = 33%). Notably, classification accuracy was highest for speech (96%) and chanting (88%), whereas singing was less distinct (78% correct). To reduce our set of 15 correlated acoustic variables to a smaller number of uncorrelated dimensions, we performed a principal component analysis (PCA) by speaker sex with varimax rotation on all aforementioned acoustic variables (see Fig. S1). Components with Eigenvalues greater than 1 were retained. The PCA identified two latent dimensions which accounted for the majority of the total variance. The first dimension (Dim1) contributed to 30.9% (for males) and 28.9% (for females) of the variance, and was characterized primarily by overall pitch (max, mean, start and end). The second dimension (Dim2) contributed in additional 22.4% (for males) and 23% (for females) to the overall variance and was characterised primarily by pitch modulation (mean absolute slope, SD, range and maximum absolute slope). Chants exhibited lower values in the first dimension (overall pitch measures). Additionally, they generally displayed lower values in the second dimension, except in males for the mean absolute slope, which was higher for singing compared to chanting. The PCA results confirm that chants possess a distinct intonation profile when compared to singing and speech.
[bookmark: _Hlk184627105]To further nuance this finding, we ran a multivariate mixed model (see Materials and Methods) to identify the key acoustic differences in all 15 pitch-related features among the three categories (Fig. 2a), while controlling for the language of origin, geographical location, and sex. The model revealed that the absolute slope – or rate of pitch change regardless of its direction – was dramatically lower in chanting (0.38 oct/s averaging across males and females, 95% CI [0.13, 0.61]) compared to singing (0.85 oct/s [0.61, 1.09]) and especially to speech (1.55 oct/s [1.29, 1.81]). Rapid, vibrato-like pitch inflections were also less common in chants (3.5 per second, 95% CI [2.7, 4.3]) compared to singing (5.3 [4.5, 6.1]) and speech (4.4 [3.5, 5.3]). Chanting was also slightly lower than speech and singing on most of the overall pitch measures, particularly on mean pitch (0.55 [0.04, 1.03]) octaves lower than singing and 0.39 [-0.08, 0.87] octaves lower than speech). We also specifically compared chanting to lullabies (N = 40 recordings). Even though this is a very special and potentially “chant-like” singing genre, chants had noticeably flatter intonation, with a lower absolute slope (-0.45 [-0.71, -0.19] oct/s), narrower pitch range (-0.42 [-0.64, -0.22] oct), less pronounced vibrato (-0.91 [-1.79, -0.01] rapid inflections/s), and fewer slow pitch inflections (-0.12 [-0.24, -0.01]; see Fig. S2).
Whereas chanting was found to be acoustically distinct from singing and speech, different chanting traditions were not so easy to distinguish. A supervised Random Forest model classified chanting into seven traditions with an overall out-of-sample accuracy of ~39% using 14 pitch descriptive variables. This is far below the accuracy of recognizing chanting as a single category (88%), but still better than chance level with seven response categories (100/7 = 14%). In sum, while chants from different cultural traditions do have their distinct “flavors”, chanting as a category remains highly distinct vis-a-vis both speech and singing thanks to its universal acoustic signatures such as low voice pitch and flat intonation.

[bookmark: _Hlk201145947][bookmark: _Hlk201144599][bookmark: _Hlk200210170]Differences in F1-F2 vowel space. In order to describe the typical range of vowels found in chants, normalized formant frequencies were extracted from individual frames (N = 113,306) in the chant recordings and normalized by the speaker’s estimated vocal tract length (see Materials and Methods). The overall density of vowels and their distribution are shown in Fig. 2b. The results show that mid-central and mid-back vowels are most common in chants, clustering around “schwa” and [ʌ]. Previous research comparing the acoustic vowel spaces of speech and songs (ballads) has shown that the acoustic vowel space used in singing deviates from that which occurs in speech, resulting in a singing vowel space which is shifted towards high and back vowels due to a lowering of the first and second formants, respectively; further, the variance of formant frequencies has been reported to be lower in singing than in speech (29). We note that, overall, the effect of chanting is a general compression of the acoustic vowel space and a shift towards mid-central and mid-back vowels. These vowels are produced with a slightly open mouth, the tongue at a low position in the mouth, and generally relaxed articulators (as illustrated in Fig. 2c). Emphasis is placed on cultivating a sensation of vibration in the oral cavity, on the lips, and in the facial region, while eliminating perceived constriction or sense of “work” from the throat region.

How does listening to chants affect short-term well-being? 
Results from Study 1 suggest that chants occupy a unique niche in the human vocal repertoire. As mentioned in the introduction, previous research has revealed how at least some chants appear to improve the well-being of the chanter. Little is known, however, about the effects that chants may have on listeners, or about what acoustic parameters may drive these effects. We performed three playback experiments on independent samples of a total of 255 participants who spoke English as their first language and had no self-reported hearing problems. In a first playback experiment (Study 2), we tested whether listening to chants can have short-term effects on listeners’ well-being by comparing listeners’ ratings of chants, songs and speech samples (chosen pseudo-randomly from our original corpus) on 10 affective dimensions encompassing arousal (i.e., relaxation, alertness, excitement, restlessness), pleasantness and mood states (i.e., anger, confidence, carefreeness, emotionality). Then, in two subsequent playback experiments, we explored which key acoustic cues drive chants’ ratings by modifying a subset of acoustic features in original chants (Study 3), and by varying these in synthetic chants (Study 4).

[bookmark: _Hlk155336013]Well-being ratings of original chants versus speech and songs. In Study 2, sixty-one participants (30 females, mean age = 28, 18-40, SD = 6.9) listened to 84 excerpts of chants, songs, and speech across different musical styles and languages (28 songs, 28 speech samples, and 28 chants from Study 1), with each participant evaluating 42 excerpts (14 songs, 14 speech samples, 14 chants) and providing ratings on 10 relaxation and mood scales for each excerpt (Materials and Methods for details). 
The key results of this study are summarized in Fig. 3. Listeners assigned the highest relaxation ratings when listening to chants, surpassing the ratings for both songs and speech (chants vs songs: 0.60 [0.24, 0.94], chants vs speech: 0.97 [0.58, 1.35]). In contrast, chants were rated lowest in alertness (chants vs songs: -0.70 [-0.93, -0.48]; chants vs speech: -0.62 [-0.90, -0.36]). Listeners also felt more emotional when exposed to chants compared to speech (with no significant difference observed between chants and songs) (chants vs songs: 0.18 [-0.11, 0.50]; chants vs speech: 1.26 [0.89, 1.61]). However, they reported lower levels of excitement when listening to chants in comparison to songs (with no significant contrast between chants and speech) (chants vs songs: -0.76 [-1.04, -0.48]; chants vs speech: 0.10 [-0.19, 0.38]). Songs, chants and speech samples were also rated as similarly low in anxiety, anger and restlessness. No other significant differences between speech, songs and chants were found. Overall, the results show that listening to brief excerpts of chants is sufficient to elicit feelings related to relaxation in listeners.

Relaxation and mood ratings of original chants and their manipulated versions. To explore the specific acoustic attributes contributing to the relaxing effect of chants, we undertook an additional study (Study 3) manipulating chants’ key acoustic features, as identified in Study 1. Specifically, we resynthesized 14 chants (2 per tradition, selected at random) across three values for pitch, tempo, and pitch excursion (the amount by which voice pitch varied, from flat to more strongly modulated), resulting in a total of 1,050 vocal stimuli. Subsequently, 114 participants (57 females, mean age = 36, SD = 10.4, range 18-61) individually rated 14 pseudo-randomized stimuli on 5 relaxation and mood scales used in Study 2. The results are reported in Fig. 4. The original tempo elicited the highest ratings of relaxation, emotionality, and pleasantness: chants maximally slowed down or sped up were rated as less relaxed (by 0.9 [0.5, 1.2] and by 0.9 [0.5, 1.3], respectively), less emotional (by 0.4 [0.2, 0.7] and by 0.5 [0.3, 0.8]), and less pleasant (by 1.0 [0.7, 1.3] and by 0.4 [0.1, 0.7]). Making the chants faster monotonically increased the ratings of alertness (+0.7 [0.4, 1.0] units on a scale of 1 to 5 as the tempo increased from the slowest to the fastest) and excitement (+0.3 [0.1, 0.6] from the slowest to the fastest), with the original chants being intermediate in terms of alertness and excitement ratings.
[bookmark: _Hlk106285109]While tempo manipulations had clear perceptual effects, ratings for the pitch-manipulated versions barely differed in ratings compared to the original chants. For example, the highest pitch (+4 semitones) was perceived as marginally (0.3 points, 95% CI [0.0, 0.5]) more emotional than the lowest one (-4 semitones). Finally, manipulating pitch excursion from the original level to either flat (excursion = 0) or emphasized intonation contour (excursion = original * 1.4) made the chants sound slightly less emotional (by 0.3 [0.1, 0.6] and by 0.2 [0.0, 0.4], respectively), less pleasant (by 0.5 [0.2, 0.7] and by 0.3 [0.1, 0.5]) and less relaxed (by 0.5 [0.3, 0.8] and by 0.2 [0.0, 0.4]), but they had no detectable effect on the ratings of alertness (0.1 [-0.1, 0.2] and 0.1 [-0.1, 0.3]) and excitement (0.0 [-0.2, 0.2] and 0.1 [-0.1, 0.2]). In summary, the manipulation of tempo influenced the perceived relaxation, emotionality, and pleasantness of chants, with the original (slow) tempo yielding the highest ratings, while pitch and pitch excursion manipulations had minimal effects on the ratings.

Relaxation and mood ratings of synthesized chants. To eliminate potential language-related influences on ratings and test a broader range of acoustic parameters, we conducted a further playback experiment (Study 4) with chants that were created “de novo”, each consisting of one of 5 synthesized vowels ([a], [e], [i], [o], [u]).  The synthesis included additional parameters i.e., pitch change direction and vibrato, as well as pitch excursion, average pitch, and tempo, resulting in 195 fully synthetic vocal stimuli (13 manipulations x 15 prototypes), which were then rated by 80 listeners (55 females, mean age = 25, SD = 11.4, range 18-63) on the same scales used in Study 3.
As shown in Fig. 5, synthesizing chants with either no vibrato at all or with exaggerated vibrato (0.5 semitones) decreased perceived pleasantness (-0.3 [-0.4, -0.1] and -0.2 [-0.3, 0.0], respectively) and relaxation (-0.3 [-0.5, -0.1] and -0.3 [-0.5, -0.1], respectively) compared to the baseline vibrato level of 0.15 semitones. Chants with no vibrato were also rated as more alert and excited (both by +0.3 [0.1, 0.5] points compared to baseline). Hence, the presence of slight, relaxed vibrato in chants further enhances their soothing effect.
Comparing our 5 vowels, [u] and [o] were rated as more pleasant (by 0.5 [0.4, 0.6] and 0.3 [0.2, 0.5] points, respectively) and relaxed (0.6 [0.4, 0.8] and 0.4 [0.2, 0.6]), compared to the average across the other three vowels ([aei]).
For tempo and pitch, results from the synthetic chants largely confirmed the results from the previous playback experiment with natural chants and their resynthesized versions. Once again, a relaxed tempo of 60 bpm (perceptually close to the typical tempo of many original chants) was the “sweet spot” producing the highest ratings of pleasantness and relaxation, while chants synthesized at either slow (bpm = 27) or fast (bpm = 135) tempi were rated as less pleasant (by 0.4 [0.3, 0.6] and 0.1 [0.0, 0.2], respectively) and less relaxed (by 0.5 [0.3, 0.7] and 0.5 [0.3, 0.7]). Interestingly, while the ratings of alertness and excitement increased monotonically with tempo in manipulated natural chants (Study 2 above), in synthetic chants the ratings of alertness and excitement were lowest at 60 bpm and increased both at faster (135 bpm: alert +0.7 [0.5, 0.9], excited +0.3 [0.2, 0.5] compared to 60 bpm) and, somewhat unexpectedly, at slower tempi (27 bpm: +0.2 [0.0, 0.4] and +0.4 [0.2, 0.6] compared to 60 bpm, respectively). Emotionality ratings decreased steadily with tempo (by 0.3 [0.1, 0.5] from 27 to 135 bpm).
Again, in line with the previous experiment on manipulated natural chants, the average pitch of synthetic chants had monotonic and relatively minor effects of the ratings. Comparing the highest (235 Hz) vs. lowest (93 Hz) average pitch, more high-pitched synthetic chants were rated as more alert (+0.4 [0.2, 0.6]), excited (+0.4 [0.2, 0.5]), and slightly less relaxed (-0.2 [-0.4, 0]), with little or no change in the ratings of emotionality (0.1 [-0.1, 0.3]) and pleasantness (-0.1 [-0.3, 0.1]).
[bookmark: move107496796111]Finally, chants with an upward direction of pitch change (a rising intonation) were perceived as more pleasant (0.4 [0.3, 0.6]) and relaxed (0.4 [0.3, 0.6]) compared to chants with a flat pitch contour, but we did not observe any clear effect of changing pitch excursion regardless of the direction of pitch change. It is important to emphasize that all synthetic chants had relatively flat intonation contours (low absolute pitch slope) as they were designed to mimic natural chants. In future work, a greater degree of variation in the direction and amount of pitch change would need to be created in order to test the effects of intonation on the perceptual properties of chants.  

Discussion
In this study, we demonstrate that chants across geographical and linguistic boundaries share specific and potentially universal acoustic features – namely, a flat intonation and steady, unbroken voicing in a comfortable, rather low range, as well as a reduced acoustic vowel space around mid-central and mid-back vowels. These shared acoustic characteristics set chanting clearly apart from other common human verbal vocalizations, such as singing and speech, and determine their impact on listeners, especially in relation to self-reported relaxation. In the following sections, we first discuss how the acoustic “form” of chants (in terms of tempo, pitch variation, average pitch, and vowel space) may reflect their putative “function” of promoting relaxation, and then we consider the likely cultural phylogeny of these form and function commonalities.

Potential adaptive value of key shared acoustic characteristics in chanting. One of the most robust findings in our study is that chants are characterized by simple phrases with noticeably flatter and slower intonation than other types of singing, Study 3 further supports this pattern, showing that chants at their original tempo, which was typically rather slow, elicited the highest ratings of relaxation, emotionality, and pleasantness. In contrast, chants that were either excessively slowed down or sped up were rated as significantly less relaxing. Although the altered versions may have sounded unnatural, potentially affecting perceived authenticity or musicality, Study 4, which used synthetic chants, largely confirmed these findings. In this study, a moderately slow tempo of 60 bpm emerged as the "sweet spot," producing the highest ratings of pleasantness and relaxation. These results align with research on instrumental music, which has shown that tempo plays a crucial role in inducing relaxation (30). Specifically, music with a steady but unhurried pace has been linked to reductions in physiological stress markers, including intraocular pressure, diastolic blood pressure, heart rate, and respiration rate (31,32), as well as psychological indicators such as self-reported anxiety and pain (33). 
One explanation for these relaxation benefits is that the temporal structure of chants may have evolved to slow down respiration and promote synchronized breathing and heart rate, leading to heightened relaxation. Bernardi and colleagues (18) found that reciting the rosary “Ave Maria” and the mantra “om-mani-padme-om” slows heart rate to nearly 60 bpm and enhances heart rate variability and baroflex sensitivity, which are indicators of cardiac autonomic regulation. In contrast, irregular breathing during free talking does not yield these positive effects. The authors suggested that the rhythm of simple chant phrases naturally teaches slower respiration. Exposure to chants might induce similar physiological responses, with both perception and vocal production systems acting as biofeedback mechanisms to reduce breathing rate and synchronize cardiovascular rhythms. Future studies could measure listeners’ synchronization of cardiac and respiratory patterns while listening to chants, similar to protocols used in choir singing studies (34).
Whilst less salient than temporal features, chants were also characterized by unique pitch-related parameters that contributed to listeners’ ratings of relaxation. First, chants were slightly lower in average pitch than speech and singing. Contraction of the intrinsic muscles of the larynx is primarily responsible for raising the pitch, while at the low end of a person's pitch range, the extrinsic muscles are the primary mechanism of pitch control, and contracting these muscles lowers the pitch (35). This suggests that chants were recited within the speaker’s comfortable pitch range close to their baseline pitch—the point at which both the intrinsic and extrinsic muscles are relaxed. Second, chants were uniquely characterized by a relatively flat, slow-changing intonation, with few rapid, vibrato-like pitch inflections. From a vocal production perspective, reduced tension in the vocal folds both lowers the pitch (35) and limits the extent of pitch variation (36). Thus, the relatively flat and low melodic contour of chants is consistent with complete relaxation of laryngeal muscles. Perceptually, sudden changes in intonation, particularly moving to a pitch that is a large interval away from the preceding pitch, are perceived as segregated (37), and induce higher arousal in listeners (38). Moreover, larger pitch excursions, both in music and in speech, generally correspond to more outgoing and expressive affective tone (39). Thus, chanting’s slow and relatively small pitch variations may exploit general characteristics of our auditory system, avoiding startling, jarring changes that may increase listeners’ arousal levels. Compared to the chants’ intonation, average pitch manipulations had remarkably little impact on listeners’ ratings, though more high-pitched synthetic chants (235 Hz) were rated as marginally more alert, excited, and slightly less relaxed than the lower-pitched variants. Whilst our results only partly support a positive relationship between higher pitch and arousal, previous studies have shown that high-pitched instrumental music is related to increased subjective tension arousal (i.e., tense-relaxed) (40,41). Moreover, high-pitched singing is associated with increased arousal (42), and low-pitch lullabies have been found to be more soothing for infants than high-pitch ones (43). It is possible that pitch values beyond those adopted here would have impacted relaxation ratings to a greater extent. Future studies could explore ceiling and floor effects using greater pitch manipulations in either direction than those adopted here (i.e., greater than 4 semitones). For instance, pitch may affect arousal and valence together or perhaps only one (or none) at a time, depending on the musical context. This could explain why some studies report low pitch to be related with both pleasantness and boredom (44).
[bookmark: _Hlk184632721]Compared to speech and singing, chants were also characterized by a narrower vowel space and a predominance of mid-central vowels. The specific configuration of the vocal tract in the production of these vowels is likely to be responsible for their prevalence in chants and for their possible relaxation effects. Tense vowels (i.e., [i], [e]) require greater muscular tension as, jaw, lips and tongue move away from their neutral configuration, resulting in formant frequencies further from a neutral vocal tract configuration (45). On the other hand, in mid-central vowels (i.e., ʊ,  ə, ʌ) the tongue positions are more central and both throat and jaw are relaxed. Taken together, these findings suggest that chants tend to be produced with a vocal tract that is relaxed, without effort/tightening or “constriction”, which may increase speakers’ feeling of relaxation. We also found that, in line with our acoustic analyses, listeners rated our “de novo” synthetic chants consisting of the mid-central vowels as more pleasant and more relaxing than those consisting of more fully articulated vowels. Neuroscience investigations with humans (see (46) for a review) and other primates (47) have demonstrated that observing another’s action recruits part of the neural circuits involved in preparing to execute the same action. Therefore, relaxation in listeners may occur through the internal simulation of vocal tract relaxation in premotor areas of the brain (i.e., responsible for action planning). Another possible mechanism is vibration. Although not yet rigorously tested in scientific studies, vowel sounds may offer therapeutic benefits, potentially by generating vibrations that resonate through the body. Research in vibroacoustic therapy suggests that such vibrations could have significant effects on the brain and body, promoting relaxation and healing by stimulating tissue and neural responses (48) and this capacity for the body to heal through self-generated vibrational frequencies has also been suggested in other species (e.g., cat purring) (49).  
[bookmark: _Hlk201132537]While our findings show that chants promote relaxation, particularly through tempo and intonation, this effect may reflect only the initial phase of a broader experiential trajectory. For novice listeners, relaxation likely stems from attentional stabilisation, whereby chanting reduces mind-wandering and anchors focus, as described in focused attention meditation research (50). Neuroimaging studies support this mechanism, showing that mantra recitation activates motor and language areas involved in internally sustaining focus (51) and decreases activity in the Default Mode Network (DMN) (19). As practice deepens, chanting can lead to more immersive states. A large-scale survey found that 60% of regular chanters reported mystical experiences characterised by peace, unity, and altered self-perception (10), with these outcomes linked to absorption, religiosity, and emotional engagement. A follow-up survey (52) showed that intentional chanting—emphasising sound quality, symbolic meaning, or spiritual connection—was associated with more frequent mystical and flow states, as well as cognitive benefits like enhanced mindfulness. These deeper experiences may engage distinct neural networks; for instance, Gao et al. (20) found that regular chanters exhibited increased activation in the left amygdala, a region associated with improved emotional regulation. Similarly, Hove et al. (53) found that rhythmic  practices—such as those used in shamanic trance—enhanced connectivity between the posterior cingulate cortex, dorsal anterior cingulate cortex, and left insula. This co-activation of networks linked to both internal awareness and focused attention may underlie the altered self-processing and mystical states reported by experienced practitioners. Together, these findings support a developmental view of chanting practice: from early relaxation and focus, to deeper absorption and altered consciousness, potentially supported by a dynamic interplay of cognitive, emotional, and neural mechanisms.
[bookmark: _Hlk200209672][bookmark: _Hlk200209991]Potential cultural phylogeny. Overall, our findings suggest the presence of a "sweet spot" for several key acoustic characteristics, suggesting that humans with similar problems to solve (i.e., finding cost-effective ways to relax) may have developed similar acoustic adaptations for chants regardless of phylogenetic relatedness (namely, mostly flat, slow-changing intonation, moderately low pitch and mid-central vowels). Convergent cultural evolution can still be influenced by the specific social context in which the chants were created, which might explain the (limited) presence of cultural variability. For instance, Gregorian chants’ extended durations may have evolved to mimic the relaxed human heart beat, but may have also been influenced by the need for greater intelligibility, considering the specific acoustic conditions within cathedrals where these chants were traditionally performed (high reverberation times exceeding 5 seconds, especially at low frequencies) (26). While rather unlikely given the rapid pace of cultural evolution, where even languages can undergo significant transformations in less than 100 years (54), we cannot fully discount a shared origin and the subsequent divergence and adaptation of chants across different cultural contexts. Under this rather unlikely scenario, chants may have evolved from a common “ancestral” chant and alterations in a chant have been acquired from neighboring cultures and disseminated across various societies and through time, via humans’ refined vocal imitation abilities (55). Methods developed within evolutionary biology have been successfully applied to cultural data, mainly in the field of linguistics (56-57), and they may also provide a basis for testing hypotheses related to the potential cultural evolution of chants.

[bookmark: _Hlk192851460]Limitations and conclusions. While this is the largest study on chanting to date, it has a number of important limitations. In order to minimize the bias of evaluating each excerpt within a different cultural framework, our listeners were all English speakers, raising the question of whether their perceptions generalize to all listeners worldwide. One obvious trait is language: would listening to chants in one’s mother tongue affect listeners’ well-being to a greater extent than listening to chants in other languages, as they are able to access chants’ linguistic content as well as super-linguistic features? Furthermore, our sample of listeners was predominantly drawn from WEIRD (Western, Educated, Industrialized, Rich, and Democratic) and Anglophone countries, with most participants coming from the UK, US, Canada, and South Africa. This demographic skew may further limit the generalizability of our findings to non-WEIRD populations and those from non-Anglophone cultural backgrounds. In addition, we did not collect detailed information about participants’ musical background or preferences, which may have influenced their perceptual judgments (58). However, our within-subjects design and randomised stimulus presentation help mitigate this concern, and our general population sample reduces the likelihood of bias from specialised musical expertise. Future studies could include measures of musical training and listening habits to explore their moderating effects on responses to chants. In addition, using pre-rated, perceptually balanced stimuli, particularly in terms of variation in tempo, rhythm, and emotional tone, could help isolate the specific acoustic features that influence listener responses.
Another limitation concerns the artificial and decontextualized listening context. Participants rated short chant excerpts presented online, divorced from the social, ritualistic, and spiritual contexts in which chants are typically performed. While this controlled design allowed us to isolate specific acoustic features, it does not reflect the full experiential, symbolic, or communal dimensions of chanting traditions. As such, findings related to relaxation should be interpreted within the limits of this secular, experimental framework.Future studies should also incorporate objective measures to assess the extent to which listeners share any kind of impact from chanting. Borrowing from similar investigations in “OM” chanting (21) and music (32,34), future studies could complement subjective measures of relaxation similar to those employed in this study with physiological indexes of relaxation such as heart-rate variability, breathing rate, and pre-frontal cortex activation patterns. Additionally, researchers should explore the longer-term impact and reversibility of these observations, specifically: Is relaxation maintained after the practice has ceased? Can the extent of this maintenance be increased or decreased (reversed) by other means? What is the optimal schedule for the practice? What is the optimal schedule of practice to maximize gains? To date, these questions remain untested and unanswered. Additionally, expanding on the present line of inquiry, follow-up studies may also consider a broader range of functions that chanting may serve. Indeed, a recent psychometric study with 456 English speaking participants who regularly chant across 32 countries and various chanting traditions found that participants reported increases in concentration and healing (52). Finally, future investigations could compare chanting with other vocalizations like infant-directed speech and lullabies, which also regulate arousal but incorporate distinct acoustic features such as pitch variation for socio-communicative purposes (59). Exploring tempo and accentuation differences may clarify how these sounds are optimized for varying levels of arousal, offering a more nuanced understanding beyond general descriptions of 'low arousal' (60).
Despite these limitations, the present study makes three key contributions. Firstly, we have provided the first comprehensive characterization of the acoustic traits shared by all chants: mostly flat intonation, steady and unbroken voicing in a comfortable, rather low pitch range, few vibrato-like inflections, and greater proportion of mid-central vowels. Secondly, we have demonstrated that, regardless of their origin, chants occupy a unique acoustic niche in the human vocal repertoire, clearly distinct from both speech and singing. Thirdly, we have provided the first evidence that chants are indeed perceived as relaxing, and that this is due to their mostly flat, slow-changing intonation and  minimal articulation with a predominance of schwa-like vowels. Taken together, our findings point at a culturally evolved form-function mapping between the acoustic structure of chants and their ability to promote relaxation.

[bookmark: _Hlk201145899]Materials and Methods
Ethical approval for all studies was obtained from the University of St Etienne (IRBN692019/CHUSTE) and the University of Chichester (2122_09). Informed consent was obtained from all participants.

Study 1.
Chant selection. We define chanting functionally, as vocal expressions used in meditative or religious contexts to achieve a trance-like or meditative state. This aligns with definitions on other musical forms found in ethnographic studies (61-62). A total of 341 recordings were initially identified across sources as meeting the criteria. After screening for audio quality and duplication, 99 recordings were excluded. The final dataset included 242 unique chants (female-led = 129, male-led = 113) were selected for analysis. A flowchart summarising the selection process is provided in Figure S3 and also below. 
Inclusion criteria. Chants were included if they met the following conditions:
1. Practitioner-led: Chants had to be performed by experienced (1 year or more) practitioners rather than laypersons or commercial artists.
2. A cappella performance: No background music or instrumental accompaniment was allowed.
3. Solo chanting: Only chants performed by a single voice were considered to ensure clarity in acoustic analysis.
4. Adult chanters: To maintain consistency in vocal characteristics, chants by children were excluded.
 Chants were drawn from seven traditions, ensuring a broad geographical, cultural, and linguistic representation: Buddhism (India and Tibet), Hinduism (India), Early Christianity (Europe and Eastern Europe), Modern Christianity (Canada, US, UK, Africa), Paganism (UK), Islam (Middle East), Indigenous Shamanic and Other Practices (North & South Americas), belonging to a wide range of language families (Afro-asiatic, Algic, Athabaskan-Eyak-Tlingit, Coachuilteco, Indo-European, Sino-Tibetan, Quechuan, Irouoian, Siouan, Zuni). We use the label "Indigenous Shamanic and Other Practices" to reflect the fact that this category encompasses diverse traditions that do not stem from a single, continuous cultural lineage in the way the other six traditions do. Rather than representing a unified tradition, these recordings share certain ritualistic and spiritual features commonly associated with shamanic practice but are drawn from distinct and unrelated cultural contexts. We did not find sufficient numbers of good quality recordings from aboriginal chants (e.g. Africa, Australia and New Zealand), so these were excluded from the final dataset. All extracts were clipped at ~30 sec. on average (~ 3 repetitions).

The final dataset included Field recordings (n = 57) from practitioners recruited through personal networks, as well as contemplative prayer groups, Christian communities, Kirtan groups, Buddhist and Sufi circles, yoga gatherings, Shamanic/Other traditions, and Pagan groups. To ensure high-quality recordings in a controlled environment, the first author visited these groups and arranged for participants to chant in a quiet room, replicating their usual practice. In cases where a group setting was not feasible or where practitioners preferred a more private setting, individuals were invited to chant as they would normally in their practice during one-on-one sessions. This approach ensured that the recordings were both authentic and acoustically clear, capturing the natural dynamics of each chanting tradition while minimising background noise and external interruptions. All field recordings were explicitly identified as chants by the practitioners themselves, ensuring cultural and contextual authenticity. Online platforms, (n=111) including contemplativewisdom.net, soundcloud.com, , wildmind.org, freebuddhistaudio.com, sacredmountainsangha.org, Earthspirit.com, and Weaveandspin.com, were used to obtain chants. (https://osf.io/ajqvr) These recordings were explicitly labelled as chants by the platforms, content descriptions, or practitioner-uploaders. One published research dataset (n = 19; from Anikin and colleagues, (28)) was included, containing recordings explicitly categorized as chants in the original dataset’s documentation. Commercial recordings from CDs (n = 55) including D’Angelo, Bossinger and Neubronner, Tamura, Mahasukha, Meier, AnamCaraMusic, and Houston (63-73). All recordings were identified as chants or as terms representing chanting practices within their respective traditions (e.g., mantra, dhikr) based on album descriptions, liner notes, or accompanying materials.
Speech recordings (n = 615, mean duration 5.9 s, range 0.8-33.5) were obtained from Anikin and colleagues (57). They represented 23 languages belonging to a wide range of language families (Indo-European, Sino-Tibetan, Afro-asiatic, Niger-congo, Austronesian, Dravidian, Japanonic, Arawakan, Oto-Manguean, Papuan, and Kra-Dai). Five of these languages are tonal: Burmese, Matlatzinca, Thai, Yoruba, and Zulu. Non-neutral speech (n = 199, mean duration 2.6 s, range 0.6-32.5) consisted of four categories: emotional speech (speech conveying a specific emotion: 66 samples); oratory (speech aimed at persuasive public speaking: 13 samples from publicly available speeches delivered by internationally renowned orators such as A. Hitler, M. L. King, M. Thatcher, and M. Yousafzai); gender imitation (96 recordings of 15 female and 17 male adults in their normal voice and while sounding as masculine and feminine as possible (45 and 51 samples, respectively)); and pet-directed speech (24 samples from 13 female and 11 male adults speaking to images of dog). Pet-directed speech is similar to infant-directed speech, usually characterized by higher pitch and slower tempo than adult-directed speech.
Song recordings (n = 153, from females = 88, males = 65) were taken from research datasets (50) of acapella recordings (excluding chants). The song corpus consisted of six music genres: classical (19 samples); folk (18 samples), lullabies (40 samples), pop (31 samples), rock (25 samples), unconventional (e.g., traditional throat singing, 20 samples) belonging to a wide range of language families (Indo-European, Koreanic, Mongolic-Khitan, Samoan, Sino-Tibetan, Tuplan). Beyond music genre and language diversity, the main inclusion criterion was the feasibility of manually controlled pitch tracking. 

[bookmark: _Hlk201145877][bookmark: _Hlk201145310]Acoustic Analyses. Pitch tracking was performed in Praat v. 6.1.50 (74), and then a number of summary features were calculated for each recording using R package soundgen (75). Fundamental frequency parameters were measured with a search range of 60–2000 Hz, 0.05 s window length and 0.01 s time step using a validated custom script, and extracted F0 contours were systematically verified and corrected. We obtained 15 measures, which included: fundamental frequency (F0) parameters linked to the perception of voice pitch and its variability: overall pitch levels were characterized by F0 mean, minimum, maximum, starting and ending values, time of F0 minimum and time of F0 maximum, pitch variability by F0 range, standard deviation, rate of relative and absolute F0 change (i.e., mean slope, mean absolute slope (MAS), max absolute slope), proportion of voiced frames, and, finally, pitch modulation wherein smoothing algorithms were applied to the pitch contour or measure major for modulations (inflex10) and minor vibrato-like inflections (inflex1). Formants F1-F4 were automatically extracted from each 50 ms frame in 242 chants (n = 113,306 frames) with linear predictive coding, vocal tract length was estimated using the regression method (76) and formant frequencies were speaker normalized by calculating the difference (in units of formant spacing) between the observed frequencies and those predicted for a cylindrical vocal tract of the same length (81). Because automatic formant tracking is noisy, implausible formant frequencies were excluded (F1 > 1500 Hz, F2 < 300 Hz or >4000 Hz), and the vowel space was further pruned by cropping its outlying, sparsely populated regions (kernel density under the 10th percentile. We also extracted formant features from every 25 ms voiced frame in all chants (N = 86,631 measurements) with the function soundgen::analyze. Following median smoothing of each formant frequency for reducing noise, we excluded F1 values below 1500 Hz, as well as F2 values greater than 300 and below 4000 Hz, to exclude measurement errors. Next, we performed a 2D kernel density estimation to see where most frames are in speaker-normalized F1-F2 space, and 10% (threshold selected via visual inspection) of the points that fell in the sparsest regions were discarded. 

Statistical Analyses of the audio recordings. All statistical analyses were performed using R (see scripts as markdown notebooks at https://osf.io/6bevs/). We used open-source implementation of Random Forest (77) for classification. Random Forest is a supervised machine learning algorithm that fits a number of decision tree classifiers using different combinations of predictors on various sub-samples of the dataset and uses averaging to improve the predictive accuracy and control over-fitting. To identify the most important potential acoustic predictors underlying the classification, we fit a multivariate mixed model predicting each of 14 pitch-related variables as a function of category (chanting, singing, or speech), separately for men and women and accounting for nestedness within traditions, language families, and geographical regions. All mixed model analyses were conducted in R using the brms package (78) with mildly informative conservative priors. We report the results as medians of posterior distributions and 95% credible intervals. We also performed a principal component analysis in R, including all our 15 pitch descriptives, separately for men and women. Principal components were estimated using Varimax Rotation, missing values were excluded listwise and components with eigenvalues >1 were kept for further processing.

Study 2. 
Stimuli. We selected 42 extracts (~30 sec. average duration per excerpt) from the original dataset, encompassing 14 songs (including calm classical and lullabies), 14 speech samples,and 14 chants, evenly divided between male and female voices. These extracts represented diverse musical styles, traditions, and languages.
[bookmark: _Hlk191460841]Participants and Procedure. 61 participants (30 females, mean age ± SD = 28 ± 6.9) recruited through the research participation scheme at a UK university (eligibility criteria included the absence of hearing impairments and English being their first language) were exposed to all excerpts through an online platform (https://www.labvanced.com/) in counter-balanced blocks (one block included all male speakers, while the other included all female speakers, or vice-versa). The order of the excerpts was randomized within each block, with a break every 10 excerpts (~30 s average duration per excerpt, ~20 min in total). To avoid familiarity bias, each rater was also asked whether they were familiar with the music excerpt being presented, and no-one reported familiarity. The background factors (i.e. age, gender, native language) were collected after listening experiment. Listeners rated each excerpt on 10 well-being scales specifying their level of agreement to the statement Does this excerpt make you feel Alert / Angry / Anxious? on a scale of 1 (strongly agree) to 5 (strongly disagree). Stimuli could be replayed twice through listeners’ headphones (checked via an intensity-discrimination task (79)), and there was no time limit for responding. 
Data Analysis. Because ratings were given on a Likert scale, they were analyzed with ordinal logistic regression (the “cumulative” family in brms). A single multilevel, multivariate model predicted the ratings on all 10 scales as a function of category (chant, singing, or speech); the effect of category was assumed to vary across listeners, and each unique recording was assigned a group-level intercept.

Study 3. 
[bookmark: _Hlk201300115]Stimuli. Fourteen chants (seven by one female and seven by one male speaker, each 30 seconds in length) were resynthesized to independently manipulate key acoustic features of chanting from Study 1. Mean pitch was adjusted (unaltered or shifted by ±2 and ±4 semitones) using Praat 6.1.50 (74)’s Pitch-Synchronous Overlap and Add (PSOLA) algorithm, which enables the manipulation of pitch and duration independently from the formant frequencies, ensuring that the vocal timbre would not change. Pitch excursion was manipulated in three conditions: completely flat at the original median pitch (excursion = 0), unaltered (original variation), and strongly modulated (+140%). Tempo was modified across five levels (1–2–3–4–5), where 3 represented the original tempo (estimated at approximately 60 bpm), and was adjusted up or down to values close to 27, 40, 60, 90, and 135 bpm. These manipulations resulted in a total of 1,050 vocal stimuli (14 original chants × 75 manipulations). modulated (+140%). This resulted in a total of 1,050 vocal stimuli (14 original chants x 75 manipulations). 
[bookmark: _Hlk192839340]Participants and procedure. We recruited 114 participants (57 females, mean age ± SD = 36 ± 10.4, 64% from the UK, 16% Europe, 14% from US and Canada, 6% South Africa) on the online platform Prolific (https://prolific.co/), with the same eligibility criteria as in Study 2. None reported familiarity with the chants they were exposed to when asked after the experiment. Listeners rated all 14 chants, but for each chant, one of the manipulated versions was drawn at random, ensuring that each participant heard only one version of each chant (which took 10 min on average). We used a reduced version of the scale from Study 1, including only those five affective dimensions for which chants elicited significantly different ratings from speech and/or songs: Alert, Emotional, Excited, Pleasant, and Relaxed. We also added a description for each of the emotions to help listeners distinguish them.
Data Analysis. As in Study 2 we used a multi-level, multivariate ordinal logistic regression model. Manipulations of tempo, average pitch, and pitch excursion, being orthogonal by study design, were simply entered simultaneously as predictors. Because the effects of tempo and pitch manipulations were strongly nonlinear (U-shaped), they were fit as smooth terms. Each prototype (manipulated recording) and each listener were assigned a group-level intercept, and the effects of all manipulations were allowed to vary across prototypes.

Study 4. 
Stimuli. We used soundgen (75) to create five synthetic chants, each comprised of one of five synthesized vowels ([a], [e], [i], [ɑ], [u]) repeated three times. Original vowel recorded from an adult female speaker were used as templates for synthesis (chant average duration: 20 s). We created each of the five synthetic chants with two additional acoustic parameters identified in Study 1, namely direction of pitch change (downward, no slope, upward) and vibrato (-0.5, 0, +0.5 semitones), as well as three parameters tested in Study 2, namely pitch excursion (baseline 5 semitones, exaggerated 7 semitones, relatively flat 3 semitones), average pitch (93, 117, 148, 235 Hz), and bpm (27, 60, 135). This resulted in a total of 195 fully synthetic vocal stimuli (5 vowels * 3 direction of pitch change * 13 manipulations). Synthesis was performed with 
Participants and Procedure. Listeners (N = 80, 55 females, mean age ± SD = 25 ± 11.4, 56% UK, 8% Europe, 24% USA & Canada, 12% South Africa) recruited via Prolific  fit the same eligibility criteria as for Studies 2 and 3 and had not participated to our other studies Listeners were tasked with rating a random sample of 30 chants from the 195 synthetic vocal stimuli. 
Data Analysis. The results were analyzed with a single multivariate mixed model, as in Studies 2 and 3, but with a different set of predictors. Main effects of pitch and bpm were modeled as nonlinear with smooth terms; vibrato and vowel entered as linear main terms; and pitch excursion and intonation modeled with an interaction.

Data, Materials, and Software Availability.  Data and R scripts have been deposited at https://osf.io/6bevs/
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Figure 1. Geographical Distribution of the Chanting Traditions included in this Study. The color of each dot represents the religious origins of the chants. N = 242 chants, ~30 seconds each, equivalent to 1.25 hours of recordings, deriving from seven traditions: Buddhism (India and Tibet), Hinduism (India), Early Christianity (Europe and Eastern Europe), Modern Christianity (Canada, US, UK, Africa), Paganism (UK), Islam (Middle East), Shamanism/Other (North & South Americas). Further details are in Supplementary Materials (Table 1).
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Figure 2. Characteristics of the intonation and vowel distribution in chants compared to singing and speech. (A) Chants are performed at a low pitch and with a relatively flat and slow-changing intonation (medians of posterior distribution and 95% Cis, fitted values from a multivariate mixed model).  (B) The predominance of central vowels in chants suggests limited articulation. Density distribution of normalized F1-F2 values from vowel extracts of chants, plotted against Hillenbrand’s (80) set of vowels. The color shows the density of observations within different regions of the speaker-normalized vowel space. (C) First author chanting “OM”, showing the relaxed-open-mouth (ROM) configuration.
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Figure 3. Results of study 2: listeners’ subjective ratings (Means and CIs) for 28 chants, 28 songs and 28 speech samples across different musical styles and languages (taken from Study 1) on 10 Likert scales, 1 = totally disagree to 5 = totally agree.
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Figure 4. Results of Study 3: Effect of manipulating tempo, average pitch and its excursion on the perceptual relaxation and mood ratings of chant recordings. Lines in the first two panels and solid black points in the lowest panel show fitted values and 95% CIs from mixed models, while small light points show observed data averaged per prototype chant. Likert scales: 1 = Totally disagree to 5 = Totally agree. 
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[bookmark: _Hlk185508613]Figure 5. Results of study 4: Effect of acoustic manipulations of synthetic chants on their perceptual ratings. Fitted values and 95% credible intervals. Because this is ordinal logistic regression rather than linear regression, marginal effects of a predictor depend on the values of other predictors even if there are no interaction effects. When calculating the marginal effect of a predictor, we set all other predictors to the baseline level, intonation to “flat”, and vowel to “o”. Using other baselines for comparisons would not substantively change the results.
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