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It is unclear how elementary musical preferences are shaped by experience, in part due to the difficulty of
measuring the presumptively relevant aspects of human experience. Previous work with an indigenous small-
scale society in the Bolivian Amazon — Tsimane’ — has failed to find evidence of the preference for canonically
consonant to dissonant music intervals that is widespread in Western listeners. Leveraging changing conditions in
the Amazon, we tested whether consonance preferences would be evident in Tsimane’ who have more contact
with global culture. We developed a survey to quantify integration with global and Bolivian markets and culture.
Tsimane’ participants with greater integration showed a small but significant preference for consonance,
whereas those with less integration did not. We also tested Bolivians living in a small rural town and in a large
city, and US non-musicians, observing increasing consonance preference across these groups (with group dif-
ferences that exceeded those between the two groups of Tsimane’). Other preferences measured with the same
task did not vary across groups. The results support the conclusion that consonance preferences change with
exposure to globalized culture, and indicate that globalization is inducing measurable changes in music

perception in small-scale societies.

1. Introduction

In Western music, some note combinations are considered pleasant,
or ‘consonant,” and others unpleasant, or ‘dissonant.” Note combinations
considered consonant by Western listeners tend to be related by low-
integer frequency ratios (though see Parncutt and Hair (2018)). The
underlying causes of the perceptual contrast between consonance and
dissonance have been of longstanding interest (Stumpf, 1890; von
Helmholtz, 1863). For example, developmental findings have been
interpreted as evidence for consonance preferences at birth (Trainor,
Tsang, and Cheung, 2002; Zentner and Kagan, 1996), but more recent
studies indicate that observed effects in infants can be altered by
exposure to music (Plantinga and Trehub, 2014). Moreover, consonance

preferences increase in Western listeners from childhood to adulthood
(Weiss, Cirelli, McDermott, and Trehub, 2019), and with musical
experience (Arthurs, Beeston, and Timmers, 2018; Dellacherie, Roy,
Hugueville, Peretz, and Samson, 2010; McDermott, Lehr, and Oxenham,
2010), and vary with familiarity with different Western musical styles
(Lahdelma and Eerola, 2020; Popescu et al., 2019).

Previous results have also indicated that consonance preferences
have strong cultural influences. For instance, Tsimane’, an indigenous
population in the Bolivian Amazon who historically have had limited
exposure to Western culture and music, appear to lack a preference for
consonant over dissonant note combinations (McDermott, Schultz,
Undurraga, and Godoy, 2016; McPherson et al., 2020), consistent with
the idea that the preference depends on exposure to particular types of
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music. Tsimane’ nonetheless showed an aversive response to “rough”
tones formed by pairs of frequencies that produce audible beating,
suggesting some cross-cultural consistency that could influence re-
sponses to chords (Eerola and Lahdelma, 2021). Analogous results have
since been reported in other groups: the Kalash and Khow indigenous
groups in Northwest Pakistan (Lahdelma, Athanasopoulos, and Eerola,
2021), and non-Western Arab listeners (Granot and Maimon, 2023).

Such cross-cultural differences are plausibly explained by the idea
that preferences for consonance develop with experience with particular
types of music. However, thus far, evidence for this idea has been cir-
cumstantial, based on intuitive notions of the degree of exposure to
Western music for different groups of people who exhibit varying de-
grees of consonance preference (McDermott et al., 2016). More defini-
tive evidence might be obtained by measuring the experiences of
members of a small-scale society and assessing whether differences in
experience predict consonance preferences.

In recent years, during our visits to Tsimane’ communities, we
observed rapid development due to efforts by the Bolivian government
to expand public health services, schools, and roads among indigenous
groups (Godoy, 2025; Huanca & Reyes-Garcia, 2015; Leonard et al.,
2015). The villages close to the main town in the region are now on the
electrical grid, some villages have a solar panel that can be used to
charge electronic devices, and the cellular telephone network is gradu-
ally expanding to cover more villages. We sought to leverage the rapid
changes happening in this part of the Bolivian Amazon to probe for ef-
fects of exposure to global culture on consonance preferences.

We quantified such exposure in Tsimane’ participants using an index
formed from variables chosen to quantify exposure of individual par-
ticipants to global technology and culture, Christian music, and
marketplace transactions. We then tested whether consonance prefer-
ences varied in Tsimane’ as a function of this index. We hypothesized
that Tsimane’ participants with greater exposure to global culture would
prefer consonance over dissonance, while those with less exposure
would show the previously observed indifference to consonance vs.
dissonance. We also tested three additional populations in Bolivian
towns and cities to assess how any effects of globalization on Tsimane’
would compare to differences between other groups within the country.

We conducted an initial version of these experiments in 2018,
observing a consonance preference in more but not less globally inte-
grated Tsimane’. We then adjusted the integration index based on our
evolving understanding of the region, pre-registered the variables and
the analysis, and conducted a second experiment that we report here in
the main text. We describe the original experiments in Appendix B as
they further support the general conclusions of this article.

2. Methods
2.1. Overview of study

We ran identical sets of experiments on five participant groups: US
non-musicians in the Boston metropolitan area, Bolivian non-musicians
in the city of Santa Cruz de la Sierra (hereafter Santa Cruz, the largest
city in Bolivia), residents of a small Bolivian town (San Borja, Fig. 1a),
Tsimane’ residents of this town, and Tsimane’ who live in traditional
communities (in the region surrounding San Borja, Fig. 1a). San Borja
residents had electricity in their homes and access to television and
cellular telephone service. US and Santa Cruz participants were mainly
college-educated, and all had smartphones.

Tsimane’ have historically lived in small villages without electricity
or running water, with contact with the rest of Bolivia largely limited to
occasional trips to local towns to trade, visits from travelling traders,
and occasional rural wage labor. Many only speak the Tsimane’ lan-
guage. Additionally, rain makes local roads unusable for much of the
year, further isolating villages. However, villages near the town of San
Borja have recently gained electricity and cellular telephone reception.
Moreover, over the past two decades, some Tsimane’ have relocated to
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San Borja for work and easier access to commercial goods. Most of these
Tsimane’ speak Spanish. These changes are recent. For example, one
village (Mara) that we featured in previous publications (Jacoby et al.,
2019; Jacoby et al., 2024; McPherson et al., 2020), and that was a data
collection site for this study, obtained solar panels and cellular service
between 2019 and 2021.

2.2. Global Integration index

We split Tsimane’ participants into two groups based on a measure of
their degree of integration with Bolivian and global culture and markets,
which we will term a "Global Integration" index, inspired by the idea of
“market integration” used in anthropology to refer to lifestyle influences
on Indigenous People arising from outside their culture (Lu, 2007). The
factors assessed for our index were determined from longitudinal sur-
veys and ethnographic data on the Tsimane’ (Godoy, 2025; Leonard

Table 1

List of questions used to Assess Global Integration. Re: question 2, San Borja and
Yucumo are the largest towns in the region around the Tsimane’ villages visited
for this study; Trinidad is the capital of the Beni department that contains this
region. Re: question 3, responses were based on whether the participant’s
household owned a motorized vehicle. Re: question 4, we used a standardized
distance for each community derived from discussions with villagers. Question 7

was assessed by Spanish-speaking experimenters and translators.

Question

Possible answers

Have you ever lived in any town
outside your community for more
than six months?

0=no, 1 =yes

2 How often do you visit San Borja, 0 = never, 1 = once a year, 2 = once a
Yucumo, Trinidad, or other larger month, 3 = every week or more
cities?

3 Do you own a motorcycle, car, or 0 = never, 0.5 = used to, 1 = yes
motorized canoe?

4 How far is your home community to 0 = 2 days by canoe, 4+ hours by car,
the towns of San Borja or Yucumo 1 =1 day by canoe or 2+ hours by
(whichever is closest)? car, 2 = Less than 2 h by car, 3 = less

than an hour by car

5 Have you worked for a company in 0 = never, 1 = occasionally, 2 = often
the area in the last year (cattle,
logging, trader)?

6 How often do you buy, sell, or trade 0 =never, 1 = once a year, 2 =once a
goods? month, 3 = every week or more

7 Do you speak Spanish? 0 = no; 0.5 = little; 1 = fluent

8 What is the highest grade of 0-12 for none to 12th grade
schooling you have completed?

9 Do you have electricity in your home 0 = never, 0.5 = used to, 1 = yes
(i.e., is your home connected to the
electrical grid), a solar panel, or a
generator?

10 Do you have a working television in 0 = never, 0.5 = used to, 1 = yes
your home?

11 Do you own a working cell phone? 0 = never, 1 = used to, 2 = yes, not a
What type? smartphone, 3 = yes, a smartphone

12 Do you have a working radio in your 0 = never, 0.5 = used to, 1 = yes
home?

13 How often do you attend church? 0 = never, 1 = once a year, 2 =

sometimes, 3 = every Sunday or more

14  How many Christian hymns do you 0 = None, 0.5 = Some, 1 = Many
know how to sing (either in Tsimane
or Spanish)?

15 Do you sing? If yes, where do you 0 = never, 1 = once per year, 2 =
sing? (at home, at church, with between 1 and 3 times per month, 3
friends) If yes, how often do you = once a week, 4 = more than once a
sing? week
Note: for questions 15 and 16, we
found that asking participants where
they sang or played instruments helped
to elicit accurate estimates of
frequency.

16 Do you play a musical instrument? If 0 = never, 1 = once per year, 2 =

yes, where do you play? (At home, at
church, with friends). If yes, how
often?

between 1 and 3 times per month, 3
= once a week, 4 = more than once a
week
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Fig. 1. Stimuli and experimental setup. a. Map of the region in Bolivia where most Tsimane’ live, showing the villages where Tsimane’ were tested (Manguito, Mara,
Moseruna and Nuevo Mundo). b. Photos of experimental setup and testing locations, clockwise from top left: Experimental conditions in a Tsimane’ village, showing
a participant listening to sounds over closed headphones, and experimenter entering data on a laptop. The experimenter was blind to the stimulus condition. The
village of Mara. An experimental testing site in the school in Moseruna. The road to Nuevo Mundo in the dry season; there was no vehicle access in the rainy season.
Central San Borja. A hearing test being administered in a Tsimane’ village. The participant raised their hand each time they heard a tone. c. Consonant and dissonant
intervals used in interval preference experiment. d. Consonant and dissonant chords used in chord preference experiment.
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et al., 2015), along with our first-hand knowledge of how the region has
changed in the last decade.

We assembled as many variables as we could think of that might
correlate with exposure to globalized culture, encompassing two main
types of changes in Tsimane’ lifestyle. The first set of variables captured
efforts by the Bolivian government to bring electricity, commercial
technology, and formal schooling to Indigenous populations, which has
resulted in some Tsimane’ having more interactions with the global
economy and culture than in previous decades. The second set of vari-
ables captured exposure to Christian religious activities in the region,
which has led to increased church attendance and related musical ac-
tivities. We opted for a broader approach to assess exposure to global-
ized culture, rather than asking specifically about experience with
Western music, because we were not confident that the extent and na-
ture of musical exposure of Tsimane’ could be accurately assessed with
survey questions about exposure to Western music.

Our hypothesis was that Tsimane’ participants with high levels of
Global Integration would exhibit a preference for consonance over
dissonance, while those with lower levels would show the previously
observed indifference to consonance vs. dissonance. We pre-registered
this Global Integration index and possible analyses (https://aspredicte
d.org/vwhf-xggs.pdf). Each variable in our index was scaled to range
from O to 1 (by dividing by the maximum possible value) and summed to
yield a score from O to 16 for each participant. We split participants into
two groups using a (pre-registered) median split of the index. The 16
variables were assessed with the questions in Table 1. These questions
were part of a brief survey that all Tsimane’ participants completed in
conjunction with the experiments.

Questions 1-4 assessed access to and time spent in local towns,
questions 5-8 assessed activity in and ability to communicate with the
broader Bolivian economy, questions 9-12 assessed access to modern
communication technology, and questions 13-16 assessed contact with
local missionaries and Christian music specifically. Sub-indices formed
from each of these four subsets were modestly correlated: r ranged from
0.11 to 0.45, depending on the pair of subsets; these correlations were
individually statistically significant for all but one pair. Although the
main analysis used the index described here that pooled all 16 variables,
we also pre-registered an analysis in which participants were instead
divided based on indices using either only the economic variables
(questions 1-11) or the music-related variables (questions 12-16).

The survey was only conducted with Tsimane’ participants as the
variables were not relevant to the other participant groups.

2.3. Participants

Participant information and study timeline are summarized in Ap-
pendix A.

2.3.1. Tsimane’ in villages

145 Tsimane’ participants living in traditional villages were
enrolled. 19 were removed by experimenters for non-compliance (not
answering questions with the allowable responses), had childcare or
other obligations arise during testing, or were otherwise unable to
complete the experiment. An additional 19 participants were removed
because their hearing thresholds (see below) were, on average, within
25 dB of the presentation level in the critical frequency range for the
experiments (approximately 250-3500 Hz). This left 107 Participants,
two of whom did not complete hearing tests. These two participants
were not excluded.

Tsimane’ participants were recruited in four villages, chosen to vary
in access to electricity, proximity to roads and towns, and cellular
telephone service, to sample Tsimane’ participants who were likely to
vary in exposure to globalized culture (Fig. 1a, b). Participants were
recruited by word of mouth following a village meeting in which
compensation and consent were explained to study participants. One
village (Manguito) was accessible by a one-hour car ride along a paved
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road from San Borja. Two villages (Mara and Moseruna) were a two-day
walk or a three-hour drive from the town of San Borja along a dirt road
only accessible to high-clearance vehicles and motorcycles if recent
weather had been dry. The final village, Nuevo Mundo, was located an
additional 15 km past Moseruna, on an unfinished dirt road accessible
only to high-clearance vehicles and motorcycles when weather had been
dry. The entire trip from San Borja to Nuevo Mundo took approximately
five hours in such a vehicle. Within each village, exposure to technology
and Bolivian towns varied, with some participants spending several
months of each year in a local town, and others never having been to a
town. 46 of the 107 participants reported owning or having owned a
phone, 24 of which reported that they owned or had owned a
smartphone.

A median split based on Tsimane’ Global Integration indices (me-
dian = 6.08) yielded 52 participants in the less integrated group (33
females; mean age = 31.9, S.D. = 12.5), and 55 participants in the more
integrated group (30 females; mean age = 28.4, S.D. = 10.2 years). The
average Global Integration Index for the Less Integrated group was 4.21,
S.D. = 0.99, and the average Global Integration Index for the More In-
tegrated group was 8.06, S.D. = 1.38.

2.3.2. Tsimane’ living in San Borja

Most Tsimane’ living in the town of San Borja are either on the
Tsimane’ Council (the governing body of Tsimane’ in the study region),
work in construction, are involved in teaching (they moved to town for
training and stayed), or are the spouses or children of teachers, con-
struction workers, or Tsimane’ Council members. 27 participants were
recruited through word of mouth. One participant was removed because
of poor hearing. All 26 remaining participants (12 female; mean age =
28.7, S.D. = 13.2) spoke Tsimane’ and Spanish. All but two participants
reported owning a smartphone; one did not have a phone, and one
owned a phone that was not a smartphone. We did not ask about com-
puter ownership. Tsimane’ living in San Borja completed the same de-
mographic survey as Tsimane’ living in villages, and we could therefore
compute a Global Integration index for this population as well. The
average Global Integration index for Tsimane’ living in San Borja was
10.70, S.D. = 1.39.

2.3.3. San Borja

43 participants were recruited. One was removed because of poor
hearing. Of the remaining 42 participants, 20 were female (mean age =
29.2; S.D. = 10.0 years). Participants were recruited by word of mouth.
11 reported playing musical instruments (mean number of years for
those 11 participants = 5.8, S.D. = 7.5, range = 0.5-23 years). Partici-
pants had an average of 10.2 years of schooling (S.D. = 2.1). Six par-
ticipants reported owning or having owned a computer, and all owned
smartphones.

2.3.4. Santa Cruz

Participants were recruited by online advertisement and word of
mouth. 35 participants (11 female) were initially recruited. Seven of
these participants reported over five years of formal musical training
and were removed from the analysis. No other participants were
removed. The final group analyzed contained 28 participants (10 fe-
male), mean age = 26.9, S.D. = 6.2 years). Participants had an average
of 15.1 years of schooling (S.D. = 2.9). 31 participants reported owning
or having owned a computer, and all reported owning smartphones.

2.3.5. Boston

32 non-musician participants were recruited (19 female; mean age =
33.1 years, S.D. = 9.3 years). 25 reported no formal musical training,
seven reported three or fewer years of formal musical training (mean =
2.2, S.D. = 1.0 for those seven participants). On average, participants
had 15.8 years of schooling (S.D. = 1.9). None were excluded from
analysis. All participants reported owning a computer and smartphone.
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2.3.6. Sample sizes

The sample size for Boston was chosen based on power analyses of
pilot data, which suggested that 18 participants were necessary to see
split-half reliabilities above r = 0.9, 80 % of the time on the interval
preference task. Sample sizes for Bolivia were as large as possible given
practical constraints, but were always larger than 18.

2.4. Study timeline

Experiments were conducted in July 2018 (San Borja, on the pre-
mises of CBIDSI, a non-profit organization in San Borja), August 2019
(Santa Cruz, at Fundacién Natura Bolivia, a non-profit organization in
Santa Cruz), August-November 2019 (Boston, on MIT’s campus), July-
—August 2023 (Tsimane’ in San Borja), and July—August 2023 and 2024
(Tsimane’, in villages); the break was due to the COVID-19 pandemic.
Pilot experiments with Tsimane’ participants (Appendix B) were con-
ducted in 2018.

2.5. Ethics

The study was approved by the Tsimane’ Council, and the Committee
on the Use of Humans as Experimental Subjects at MIT. Experiments
were conducted with the informed consent of participants, who were
compensated with money in the US, Santa Cruz, and San Borja, and with
a package of goods for Tsimane’ participants in villages.

2.6. Stimulus presentation

Stimuli were played by MacBook Air laptop computers using over-
ear closed headphones (Sennheiser HD 280Pro), at a presentation
level of 70 dB SPL. Audio presentation was calibrated beforehand with a
GRAS 43AG Ear & Cheek Simulator connected to a Svantek SVAN 977
audiometer, enabling tone presentation at the desired sound pressure
level.

Because Tsimane’ villages lack fully enclosed or soundproof spaces,
we optimized listening conditions by selecting testing locations that
were as distant as possible from village activities, and typically assigned
a team member to keep children and animals out of earshot from the
experimental stations (Fig. 1B). To further minimize the audibility of the
background noise, we used closed circumaural headphones that atten-
uated external sounds (Sennheiser HD-280 Pro). To help minimize dif-
ferences in testing conditions between groups, we conducted
experimental sessions for Boston participants in public areas of the MIT
campus. We chose locations where there would be consistent low
background noise from students and staff walking by or studying at
nearby tables (e.g., a public atrium). Experimental sessions in Santa Cruz
were conducted in office spaces and a coffee shop. Experimental sessions
in San Borja were conducted in open air conditions with ambient
background noise from the surrounding town activities. The same
headphones and computers were used with all groups.

2.7. Experimental protocol

All experiments were completed in a single session for each partici-
pant, ranging from 30 to 60 min. The order of experiments was ran-
domized within each session.

After the participant heard each stimulus, responses were given
verbally (‘like it a lot’, ‘like it a little’, ‘dislike it a little’ or ‘dislike it a
lot’, Fig. 2a). Instructions and responses were in English in Boston, in
Spanish for Tsimane’ in San Borja, San Borja participants and Santa Cruz
participants, and in Tsimane’ for all Tsimane’ villager participants. For
Tsimane’ participants, translators (who spoke Tsimane’ and Spanish)
delivered the instructions and interpreted the participants’ responses.
The experimenter entered the spoken response into a MATLAB interface.

We note that consonance is a multifaceted phenomenon (Parncutt
and Hair, 2011; Parncutt, Reisinger, Fuchs, and Kaiser, 2018; Tenney,
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1988) that may not be fully captured by pleasantness (Arthurs et al.,
2018). Pleasantness judgments are nonetheless correlated with the
various other traits one might in principle measure (Lahdelma and
Eerola, 2020), and have the advantage of being straightforward to
explain to untrained listeners. They were also a natural choice for these
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experiments because we were confident in their translation from English
to both Tsimane’ and Spanish based on our prior work (McDermott
et al., 2016; McPherson et al., 2020).

We originally pre-registered a screen for participant compliance in
the groups tested in 2023 and 2024. This screen involved a second
experiment measuring responses to recorded vocalizations. We subse-
quently decided it was preferable to preserve the same inclusion criteria
across all tested groups, and thus did not use this screen.

2.8. Stimuli

2.8.1. Musical intervals

Stimuli were composed of synthetic tones that were 2000 ms in
duration and contained harmonics 1-12 (in sine phase). To mimic the
acoustics of many musical instruments (Fletcher and Rossing, 2010),
harmonic amplitudes were attenuated by —14 dB/octave, and tones had
temporal envelopes that were the product of a half-Hanning window
(10 ms) at either end of the tone and a decaying exponential (decay
constant of 4 s~ 1).

Interval stimuli consisted of concurrently presented pairs of these
tones (Fig. 1c). The pitch interval between the two tones was either a
unison, major second, perfect fourth, tritone, perfect fifth, major sev-
enth, octave, or minor ninth. These intervals were chosen to include the
three canonically consonant intervals with the closest similarity to the
harmonic series (the octave, fifth, and fourth), along with a selection of
canonically dissonant intervals, chosen to alternate with the consonant
intervals when ordered according to the interval size in semitones. In-
terval size was thus dissociated from similarity to the harmonic series (i.
e., Western consonance, associated with simple integer ratios).

Two different tuning systems were used (Appendix A) in separate
blocks to test whether the small deviations from harmonicity present in
modern instrument tuning might affect aesthetic determinations.
Depending on the interval, the intervals tested differed by 0-12 cents
between the two tuning systems. Interval stimuli were presented in three
different pitch ranges, with root note fundamental frequencies either
zero or two semitones above 110, 220, and 440 Hz. This resulted in 48
trials for each block, presented in random order.

2.8.2. Musical chords

Chords were composed of three or four synthetic notes (Fig. 1d).
Each note was a complex tone generated as in the interval experiment.
The chord set was selected to contain three chords that would sound
highly consonant to Western listeners and three chords that would sound
highly dissonant despite having similar interval sizes to the consonant
chords. We sought to avoid extreme differences in roughness, as these
would be expected to yield a difference in pleasantness for all groups,
given the evidence for an aversion to roughness in Tsimane’ and other
non-Western groups (Lahdelma et al., 2021; McDermott et al., 2016;
McPherson et al., 2020), and might impair the ability to detect differ-
ences between the subsets of Tsimane’ listeners who were the focus of
the paper. In practice, this was achieved by avoiding small intervals that
produce prominent beating between the note FOs. The avoidance of
small intervals also served to make the comparison of consonant and
dissonant chords more controlled with respect to interval size and
spectral centroid. The consonant chords consisted of: 1) a perfect fifth
with the root doubled one octave above, 2) a perfect fourth with the root
doubled, and 3) the major triad with the root doubled. The dissonant
chords consisted of 1) a tritone with the root doubled, 2) a tritone and a
major seventh, and 3) the augmented triad with the root doubled
(Fig. 1d). Chords were generated using just intonation and were
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presented twice in three different pitch registers (with root fOs either
zero or two semitones above 110 Hz, 220 Hz, or 440 Hz). This resulted in
36 trials, presented in random order.

2.8.3. Harmonic and inharmonic tones

Harmonic tones contained 10 harmonics of the f0. Tones were made
inharmonic by jittering the component frequencies by pre-set amounts
(in semitones): [—0.75 0.75 0.5 -0.51 -1 0.75 -0.75 0.5 -0.5], or [0.75
-0.75-0.5 0.5 -0.1 0.1 -0.75 0.75 -0.5 0.5], used equally often. These
jitter patterns were chosen to produce low periodicity (and thus to sound
unpleasant to Western listeners) while not substantially altering beating.
The tones were otherwise identical to those in the interval and chord
experiments. Each tone was presented four times in each of two different
registers, each time generated from a different fO (1 and 3 semitones
above and below 262 and 524 Hz). For the inharmonic tones, the first
jitter pattern listed above was used when the generating fO was 3
semitones below or 1 semitone above the reference values (262 and 524
Hz), and the second pattern was used otherwise. This resulted in 16
trials, which were randomly intermixed in a single block with the
smooth and rough tone trials described below.

2.8.4. Smooth and rough tones

The smooth and rough tone stimuli were generated as in previous
studies (McDermott et al., 2010; McDermott et al., 2016), by presenting
pairs of single frequencies to either the same or different ears (diotic and
dichotic presentation, respectively). Diotic presentation of two similar
but non-identical frequencies produces the ‘rough’ sensation of beats,
typically considered unpleasant by Western listeners. In contrast, dich-
otic presentation of two such frequencies greatly attenuates perceived
beats but leaves the spectrum unchanged relative to the diotic version.
Stimuli were generated in three different frequency ranges. The fre-
quencies composing each stimulus were separated by either 0.75 or 1.5
semitones (1.5 for the low- and mid-frequency ranges, and 0.75 for the
high-frequency range, to produce beat frequencies with prominent
roughness), such that considerable beating was heard when presented
diotically. The lower of the two frequencies was one or three semitones
above or below 262, 524, or 1048 Hz. This resulted in 2x3x4 = 24 trials,
randomly intermixed in a single block with the harmonic/inharmonic
tones trials described above. The block also included 4 trials with pure
tone stimuli, the results of which are not analyzed here.

2.8.5. Vocalization stimuli

Vocalizations were the same fifteen recordings (five each of laughter,
gasps, and crying) previously used as control stimuli in two previous
papers (McDermott et al., 2016; McPherson et al., 2020). The stimuli
were presented in random order in a single block of 15 trials. The crying
sounds gave similar results to the gasps (low ratings by all groups) and
their ratings were omitted from the analysis to simplify the data pre-
sentation to two stimulus conditions per experiment.

2.8.6. Hearing test

To ensure participants could hear the stimuli, we conducted a
hearing test designed for the field (Jacoby et al., 2019). We presented
pure tones diotically at frequencies of 60, 127, 285, 605, 1358, 2155,
3229, 5126, 8137, and 11,500 Hz. Participants faced away from the
experimenter and raised their hands when they heard a tone (Fig. 1B).
Tones were initially presented at a comfortable level. The experimenter
iteratively adjusted the level to determine the faintest tone at each fre-
quency that the participant could reliably detect. The experimenter was
blind to the frequency. We removed any participant whose average
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hearing threshold was below 45 dB SPL in the 285-3229 frequency
range (all sounds were presented at 70 dB SPL). This frequency range
was the most relevant for our experiments.

2.9. Analysis

Results were averaged across stimulus exemplars within conditions,
and statistical tests were performed on these mean ratings for each
participant.

2.9.1. Statistics

Paired t-tests were used to test for differences between conditions
within groups, and mixed-design ANOVAs were used to test for main
effects and interactions between the effects of stimulus condition and
participant group. Though it is not standard to run t-tests on individual
participant groups if an ANOVA on all groups does not indicate a sig-
nificant interaction, we report all individual-group t-tests that were pre-
registered, regardless of ANOVA significance. We note that finding a
significant effect in one group while not finding one in another does not
on its own provide good evidence for an interaction (Nieuwenhuis,
Forstmann, and Wagenmakers, 2011).

Data distributions of mean ratings were assumed to be normal and
were evaluated as such by eye using histograms. To be conservative, we
double-checked each ANOVA using non-parametric multi-condition
tests in which we computed F statistics and evaluated their significance
with approximate permutation tests (randomizing the assignment of the
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data points across the conditions being tested 10,000 times to obtain a
null distribution, to which the F statistic value could be compared to
obtain statistical significance). In each case, these non-parametric tests
yielded the same result (significant vs. non-significant) as the corre-
sponding parametric test.

3. Results

We first analyzed the Tsimane’ living in villages as a function of their
Global Integration index, splitting the participants into two groups
above and below the median index (Fig. 2). An ANOVA suggested that
any differences between the two groups were subtle: there was not a
significant interaction between integration index and the effect of
consonance when comparing the Less and More integrated Tsimane’ (F
(1,105) = 1.05, p = .31, np? = 0.009). As per our pre-registration, we
also separately tested for preferences in each group individually. We
found that a preference for consonant over dissonant intervals was un-
detectable in Tsimane’ with lower values of Global Integration (Fig. 2b;
p = .32, BFjp = 0.24, indicating moderate evidence for the null hy-
pothesis that there was no preference (Rouder, Speckman, Sun, Morey,
and Iverson, 2009)). This finding replicates previous studies of Tsimane’
participants (McDermott et al., 2016; McPherson et al., 2020). However,
Tsimane’ with higher Global Integration showed a significant preference
for consonance over dissonance (p = .03). The difference between
groups was independent of the tuning system: we found no interaction
between tuning and consonance vs. dissonance (F(1,105) = 0.02, p =

Participant Groups

Bos: Boston Non-musicians (N=32)

SCr: Santa Cruz Residents (N=28)

SBo: San Borja Residents (N =42)

TSB: Tsimane’ who live in San Borja (N=26)
T-M: More Globally Integrated Tsimane’ (N = 55)
T-L: Less Globally Integrated Tsimane’ (N = 52)

Effect Sizes (Cohen’s d)

Bos SCr SBo TSB T-M T-L
Intervals 1.50 1.49 0.27 0.89 0.39 0.16
Chords 1.71 1.53 0.37 0.51 0.49 0.34
Harmonic vs. | 1.28 1.31 0.32 1.30 0.84 0.20
Inharmonic
Smooth vs. 0.84 1.10 0.82 1.13 1.27 1.50
Rough
Laughs/Gasps | 3.60 3.47 2.81 4.62 2.55 1.52

Smooth vs. Rough Tones
_Smooth
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Fig. 3. Summary of results of all preference experiments in all participant groups. Error bars show standard error of the mean. Table shows effect sizes (Cohen’s d)

for all experiments and participant groups. Significance denoted by asterisks: ****

=p < .0001, *** = p < .001, ** =p < .01, * = p < .05.
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.91, np? = 0.0001; data are thus pooled across tuning systems in the
results figures); this null result for tuning system replicates a previous
study (McPherson et al., 2020).

Preferences for consonance varied across the other participant
groups (Fig. 3) as in previous work (McDermott et al., 2016). The
preference was robust in US and Santa Cruz listeners (p < .0001 and p <
.001, respectively), and weaker but statistically significant in residents
of the small Bolivian town (p < .01). We also found that the Tsimane’
who lived in the small Bolivian town had a significant preference for
consonance (p < .0001); this finding has not been previously published.
As expected, this group of Tsimane had an average Global Integration
index that was higher than those of both Less and More integrated Tsi-
mane’ villagers (10.70, 8.06, and 4.21, respectively).

We found similar results in the experiment with chords (see Fig. 1d
for chord composition). There was not a significant interaction between
integration index and consonance between More and Less integrated
Tsimane’ villagers (F(1,105) = 0.28, p = .60, np2 =0.003). However, we
observed a small but significant difference for more integrated Tsimane’
(p = .04), along with no significant difference for less integrated Tsi-
mane’ (p = .09, BF;g = 0.61, indicating anecdotal evidence for the null
hypothesis, again replicating previous studies with Tsimane’
participants).

Preferences for harmonic vs. inharmonic tones, which isolate an
acoustic property related to consonance (Bidelman and Heinz, 2011;
Bones et al., 2014; Cousineau, McDermott, and Peretz, 2012; McDermott
et al., 2010), also varied across groups. Here there was a significant
interaction between integration index and harmonicity (F(1,105) =
13.7, p = .0003, np? = 0.12) for More and Less Integrated Tsimane’. We
again observed a significant preference in Tsimane’ with higher Global
Integration (p < .001) but not in Tsimane’ with less Global Integration
(p = .19, BFjp = 0.35, indicating anecdotal evidence for the null
hypothesis).

We also pre-registered analogous analyses using sub-indices
composed of only the economic variables from the index (questions
1-11 from Table 1) or only the music-related variables (questions
12-16) (https://aspredicted.org/vwhf-xgqs.pdf). The resulting sub-
indices based on these subsets of variables were correlated (r = 0.39,
p = .0001), and splitting Tsimane’ participants using either sub-index
gave qualitatively similar results as the main Index (significant prefer-
ences in participants with indices above the median, and non-significant
preferences in participants below the median). These results are
consistent with the idea that the observed differences in preferences
between groups of Tsimane’ are driven by musical exposure induced by
integration with global and Bolivian markets and culture.

We did not pre-register analyses based on individual variables, and
so do not report them here. However, given the number of variables and
modest effects, no such analysis would survive correction for multiple
comparisons; larger data sets would be needed to relate effects to spe-
cific variables. The data are available at the project repository for such
exploratory analysis.

Control experiments verified that the cross-cultural variation in
consonance preferences was not due to an inability to perform the task
or a misunderstanding of the instructions. Preferences were present in
all participant groups for smooth over rough synthetic tones (t-tests, p <
.0001 for all groups), and with similar magnitude (no interaction be-
tween the Global Integration index and roughness preference, F(1,105)
= 0.0002, p = .99, np2 < 0.0001). Preferences were also present across
groups for laughter over gasps (t-tests, p < .0001 for all groups). There
was a significant interaction of integration index and laugh/gasps F
(1,105) = 4.08, p = .02, T]p2 = 0.04), potentially driven by modest
cultural differences in vocal emotion expression (Sauter, Eisner, Ekman,
and Scott, 2010).
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Although the key new effect described here (consonance preferences
in more globally integrated Tsimane’) was small (see Fig. 3 for all effect
sizes), we note that it was consistently present across all three of the
experiments that were related to consonance, and that the analysis was
pre-registered. Moreover, pilot versions of the same experiments (with a
slightly different, non-pre-registered analysis) showed a similar pattern
of results (Appendix B). This consistency is very unlikely to have
occurred by chance and increases our confidence in the conclusions
despite the small effects. We also note that larger consonance prefer-
ences were evident in Tsimane’ who had relocated to the small Bolivian
town of San Borja, providing further evidence for the idea that experi-
ence with global culture induces such preferences.

4. Discussion

We measured lifestyle variables related to integration with global-
ized culture among Tsimane’, and found them to identify a subset of
Tsimane’ who showed statistically significant preferences for conso-
nance. Less integrated Tsimane’ exhibited robust preferences for some
stimulus variables, but not for consonance. The results are consistent
with the idea that recent development in the region is increasing
exposure to globalized culture among some Tsimane’, and that variation
in this experience correlates with aesthetic associations with musical
sounds. Our experiments cannot speak to the specific life experiences
that underlie the observed associations, but they are plausibly driven by
increased experience with Western-influenced music.

We view the present work as making two main contributions relative
to previous work, one methodological and one substantive. The first
contribution is to introduce a method for quantifying life experiences of
members of small-scale societies that might influence music perception.
The specific demographic and socioeconomic variables that are used for
this purpose will need to be customized for use in other small-scale so-
cieties, but the general approach should be widely applicable. The sec-
ond contribution is to provide evidence that globalization is introducing
changes in life experiences that, in turn, induce changes in music-related
perception within small-scale societies. These findings indicate that re-
sults obtained in such societies are likely to vary over time, and that the
effects of globalization could potentially cause cross-cultural studies to
overestimate the extent of universality.

The variation in Tsimane’ preferences with global integration was
nonetheless modest. Pronounced differences in preferences remained
evident between Tsimane’ with higher Global Integration and city res-
idents both in Bolivia (Santa Cruz) and Boston (who showed similar
results). Moreover, residents of the rural Bolivian town (including Tsi-
mane’ who had relocated to live in the town) showed a more modest
preference than city residents, as in previous work (McDermott et al.,
2016; McPherson et al., 2020), indicating that substantial variation
exists even among individuals who have grown up with access to elec-
tricity, cellular telephones, and television.
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Appendix A. Participant, timeline, and stimuli information

Table Al
Summary of participants and study timeline.
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Participant group Year tested Total number tested Excluded Final participant number Age Sex (F/M)
Tsimane in villages 2023-2024 145 38 107

More Integrated Tsimane 55 mean = 31.9, S.D. = 12.5 30/25

Less integrated Tsimane 52 mean = 28.4, S.D. = 10.2 33/19
Tsimane’ in San Borja 2023 27 1 26 mean = 28.7, S.D. = 13.2 12/14
San Borja 2018 43 1 42 mean = 29.2; S.D. = 10.0 20/22
Santa Cruz 2019 35 7 28 mean = 26.9, S.D. = 6.2 10/18
Boston 2019 32 0 32 mean = 33.1, S.D. = 9.3 19/13

Table A2

Interval stimuli. Table of intervals used in preference experiments, with interval ratios and interval in cents for both Just and Equal temperament to
aid comparison. These stimuli were used in the experiment described in the main text as well as in the 2018 pilot study described in Appendix B.

Interval name Just intonation

Equal temperament

Ratio Interval in cents Semitones Interval in cents

Unison 1:1 0 0 0

Major second 9:8 203 2 200

Perfect fourth 4:3 498 5 500

Tritone (Aug. 4th/Dim 5th) 43:32 590 6 600

Perfect fifth 3:2 702 7 700

Major seventh 15:8 1088 11 1100

Octave 2:1 1200 12 1200

Minor ninth 32:15 1312 13 1300

Appendix B. Summary of 2018 pilot study

In 2018, we conducted a pilot version of the experiments reported in the main text in a partially overlapping set of villages. None of these data have
been previously published. In this pilot study, we used a set of 11 demographic and socioeconomic variables (based on our understanding of the region
at that time) to characterize integration with global culture. We found a consonance preference in more but not less integrated Tsimane’, but the
survey variables and analysis were not pre-registered. Based on our evolving understanding of the region and how to assess the rapidly evolving
relevant lifestyle factors with survey questions, we subsequently adjusted the variables contributing to the Global Integration index, pre-registered the
variables and the analysis, and conducted the experiment described in the main text. We describe the original experiments here to provide further

support and context for the general conclusions of this paper.
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B.1. Methods

B.1.1. Market Integration Index used for 2018 pilot study
The 11 variables were assessed with the following questions. Asterisks indicate questions that were identical in the Global Integration index used in
the main experiment (in 2023-2024).

1. *Have you ever lived in any town outside your community for more than six months? (0 = no, 1 = yes)

2. *How often do you visit San Borja, Yucumo, Trinidad, or other larger cities? (0 = never, 1 = once a year, 2 = once a month, 3 = every week or
more. Note: San Borja and Yucumo are the largest towns in the immediate region where the Tsimane’ in our sample live; Trinidad is the capital
of the Department of Beni)

. Do you own a motorcycle or motorized canoe? (0 = never, 0.5 = used to, 1 = yes)

*Do you speak Spanish? (This was assessed with the aid of translators, 0 = no; 0.5 = little; 1 = fluent)

. *What is the highest grade of schooling you have completed? (0-12 for none to 12th grade)

. Do you have electricity in your home (i.e., is your home connected to the electrical grid, or to a generator)? (0 = never, 0.5 = used to, 1 = yes)

*Do you have a working television in your home? (0 = never, 0.5 = used to, 1 = yes)

. Do you own a working cell phone? (0 = never, 1 = used to, 2 = yes)

. *Do you have a working radio in your home? (0 = never, 0.5 = used to, 1 = yes)

10. How many Christian hymns do you know how to sing (either in Tsimane or Spanish)? (0 = None, 0.5 = Some, 1 = Many)

11. Do you sing in church? If so, how often? (0 = never, 1 = once per year, 2 = between 1 and 3 times per month, 3 = once a week, 4 = more than

once a week)

©C®NO U AW

We note that because the variables we surveyed are not the same as those in the main experiment, and because the phrasing of some questions
changed, we cannot analyze our new data using the old index or vice versa.

B.1.2. Participants

Only Tsimane’ participants residing in villages were run in this experiment. 99 participants (50 female) completed the experiments (mean age =
26.55, max = 47 years, S.D. = 9.10 years). An additional 13 participants began the experiments but did not complete them for various reasons (e.g.,
restless or sick children who needed attention, or noncompliance), and their data were not analyzed.

Tsimane’ participants lived and were tested in six villages, chosen to vary in access to electricity, proximity to roads and towns, and cellular
telephone service to sample a wide range of Tsimane’ participants. Participants were recruited by word of mouth within each village, following a
community meeting in which the study and participant compensation were explained. We recruited participants in Manguito, Mara, and Moseruna (as
in the experiment described in the main text), as well as three additional villages along the river Maniqui. These three villages (Anachere, Emeya, and
Inanare) were only accessible by a 2-3 day trip on a motorized canoe (and are among the more distant villages from San Borja).

B.1.3. Stimulus presentation, experimental protocol, and stimuli generation
The stimulus presentation, experimental protocol, and stimuli were identical to the experiment in the main text (except that we did not include the
experiment to assess compliance).

B.1.4. Analysis

Each socio-economic variable was scaled to range from 0 to 1 (by dividing by the maximum possible value, i.e., 3 for the visiting towns variable,
and 12 for the education variable), and summed to yield a summary Global Integration index for each participant (the score could thus range from 0 to
11). We examined the bottom two-thirds and the upper third of participants (a cutoff of 3.5/11 in that scale) when ranked according to this score. This
split was chosen to prioritize power in the less integrated group, in whom we expected to see weak or undetectable consonance preferences, while
keeping the more integrated group sufficiently powered. The more integrated Tsimane’ group contained 34 participants (9 female), mean age = 24.62,
S.D. = 7.02 years. The less integrated Tsimane’ group contained 65 participants (41 female), mean age = 27.55, S.D. = 9.91 years.

In all other respects, the analysis of the data was identical to that for the main experiment.

B.2. Results

The results are generally consistent with the results of the main experiment (Fig. B1). Replicating previous results, a consonance preference was
undetectable in less integrated Tsimane’ (p = .72), but the more integrated Tsimane’ showed a significant preference for consonance over dissonance
(p = .017). However, the interaction between group and consonance preference was not significant (F(1,97) = 2.36, p = .13, np> = 0.02). The
variations in preference replicated in the experiment featuring consonant and dissonant chords with three and four notes. As with two-note chords, we
observed a small but significant difference for more Globally Integrated Tsimane’ (p = .026), but again, replicating previous results, no significant
difference for less Globally Integrated Tsimane’ (p = .79). In the experiment measuring preferences for harmonic and inharmonic tones, there was no
significant difference for either Tsimane’ group (p > .60 in both cases). Both participant groups showed preferences for smooth over rough synthetic
tones, and for laughs over gasps (roughness: p < .0001 for both participant groups; vocalizations: p < .0001, for both participant groups).
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Smooth vs. Rough Tones
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Fig. B1. Results of pilot experiment conducted in 2018 with Tsimane’ participants. The analysis used an earlier version of the Global Integration index, described in

Appendix B. Tasks were identical to those in the main experiments.

Data availability

All data are available at https://osf.io/4tnvm/?
view_only=57dae1d3501b40c99ac6b6d71f8a326b,
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