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Figure S1. Scores of the recorded Mafa music played with the instruments depicted above and in Figure 1, with each pattern presented twice
(Mafa players perform these patterns repetitively). Making flute music is usually mandatorily associated with rituals, and the music performed at
these occasions does not have a designation, but is closely associated with the corresponding ritual. The playing of the flute is accompanied by
dancing or running of the players during strenuous flute playing involving rapid exhalation, and a good physical fitness is regarded as a precondition to engaging in this activity which can last for several hours. The culturally imprinted formal and structural dispositions to music perception, as established in many Western concert settings do not apply to the Mafa listeners, as they are not familiar with the concept of professional musicianship and the musical rituals that they engage in demand general active participation.
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Figure S2. The figure shows z-values of the ratings from Experiment 2, which were standardized in relation to the mean value and the standard
deviation of each individual to exclude individual assessment tendencies (see Supplementary Table 4 for statistical evaluation, Supplementary
Figure 3 for non-standardized values). Mean values are depicted for each entire stimulus category (o, s, o-r, s-r), and each stimulus duration (2,
10, 30 sec) respectively. Error bars indicate SEM (for values see Supplementary Table 1).
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Figure S3. The figure shows non-transformed values of the ratings conducted in Experiment 2. Mean values are depicted for each entire stimulus
category (o, s, o-r, s-r), and each stimulus duration (2, 10, 30 sec) respectively. Error bars indicate SEM.
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Figure S4. Experiment 2. Mean values of valence ratings for the
main effects of direction (error bars indicate SEM), separately
for Mafas (light red panel) and Westerners (light blue panel).
Each panel shows the mean ratings for excerpts played in a
forward direction (f; pieces with original and manipulated spectrum pooled) and pieces played backwards (r; pieces with original and manipulated spectrum pooled). Ratings for Mafa music
are connected by red lines, ratings for Western music by blue
lines.

Figure S6. The figure shows the Self-Assessment-Smileys at the
poles of the valence dimension as depicted on the left (unpleasant)
and right (pleasant) of the slider on the rating interface. During the
familiarization with their task the depictions of the smileys were paired
with a corresponding smile or frown of the experimenter. The Mafa
easily understood these associations.

Figure S5. Mafa error rates (i.e. non-target choices) in percentage for
the recognition of each emotional expression. The table shows mean
differences in percentages of choices of non-target categories (M),
standard error (SEM), t-values, and p-values. Note that the error rates
of the Mafa participants show that for none of the three categories
‘happy’, ‘sad’ and ‘scared’ a significant error tendency for another
emotional expression was observed (the error rate of the Western
listeners was too low to reveal significant error tendencies due to a
floor effect). Instead, the expression was attributed to another emotion
on a random basis. This speaks against the possibility that the Mafa
were conceptually confusing certain emotional expressions, which
would have resulted in a more systematic pattern of errors, such as
confusing sad and scared if they made their decisions based on major/minor or tempo.

Figure S7. Depiction of two mechanisms by which emotional expression recognition may occur.
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Table S1. Z-values depicted in Supplementary Figure 2.

Table S2. Overview of the results from the MANOVA calculated with z-values for Mafa and Western music; significant main
effects are printed in black.

Table S3. Overview of the results from the MANOVA calculated with non-transformed values for Mafa and Western music; significant
main effects are printed in black.
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Table S4. MANOVAs with the within-subject factors direction (forward vs. reversed), spectrum (original vs. spectrally manipulated) and length
(2, 10, and 30 sec) that were computed separately for each subgroup and each musical culture; standardized values, significant main effects
are printed in black.

Table S5. Confusion matrix with the percentage of responses for
each category, separately for Mafa (upper part) and for Western
listeners (bottom part). The classification of the pieces as happy,
sad, or scared is given in the columns, and the actual responses
of the particpants in the rows. For the sad and the scared pieces
the ranking of the misclassifications is similar. That is in both
groups sad pieces are misclassified as scared rather than as
happy; and scared pieces are misclassified as happy rather than
as sad.

Table S6. Percentage of responses for each category according to the
mode of the piece (major, indefinite tonality or minor; first columns) and
correlations of the piece’s tempo with the number of responses for each
category (last column). Values are given separately for Mafa (upper
part) and for Western listeners (bottom part). The emotional category
that received the most responses (first columns) as well as the significant correlations with the tempo of the pieces (last column) are written
in bold.
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- Supplemental Results and Discussion

Intercultural comparisons and globalization
Unfortunately, opportunities for intercultural comparisons between individuals exposed to completely
incongruent music cultures are becoming increasingly rare, due to globalization. Western music culture
mainly spreads with electricity supply (and thus the possibility to operate radios) and Christianization
(through Western Christian song). Since the efforts of early pioneers such as Erich M. von Hornbostel at
the beginning of the last century, the present study is the first to empirically investigate human individuals who were completely naïve to Western music.
The study of musical universals in infants
Besides ethnomusicological investigation, developmental study is another important means for the investigation of music universals. Similar to ethnomusicological investigation this methodology employs strategic participant selection. By monitoring orienting reactions to musical stimuli varying in their consonance/dissonance, several researchers have accumulated evidence that may suggest a preference for consonance over dissonance in Western infants [1-4]. However, these studies have the methodological constraint that the fetus is sensitive to music stimulation (given that music perception begins in utero during
the third trimester of pregnancy) [5]. Hence, preference in infants could have thus been influenced by
mere exposure [6, 7] or a form of evaluative conditioning in the womb where the infant associates its
auditory perception with bodily states of the mother [8]. Insights about music universals can also arise
from comparative animal research [9], but evidence is as of yet sparse because methodological constraints
are a great challenge, and it remains elusive how these results are applicable to humans [7].
Experiment 1: Distribution of variables
In the data from Experiment 1 (the emotional expression recognition experiment) all (but two) variables
conformed to a standard normal distribution (as tested by means of Kolmogorov-Smirnov tests). The deviations resulted from ceiling effects: Western listeners recognized happy and sad pieces in almost all
cases (98.93 and 92.50 percent correct recognition).
Experiment 1: Performance differences between groups
In this experiment, Western listeners recognized the intended emotional expressions of the music more
accurately (Figure 1A). This corresponds to previous data showing that music listeners perform better on
same-culture than on other-culture materials [10, 11]. Thse results could either reflect the fact that the
Westerners discerned a set of culturally determined cues not perceived by the Mafa listeners or simply the
unfamiliarity of Mafas with the abstract nature of the face and music presentations without a social context of music production and perception (e.g. headphones) which is not customary in Mafa culture.
Experiment 1: Acoustic and musical analysis of stimuli
To understand whether the excerpts in Experiment 1 may have been systematically classified based on
their acoustic features, we calculated correlation and contingency analyses. Actual tempo values were
used for the correlation with the acoustic features. In the Mafa we observed that pieces with higher tempo
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are more likely to be classified as happy by a large number of participants (rh = 0.570, p = 0.003) and
scared/fearful with lower tempo (rf = -0.625, p < 0.001), whereas for sad pieces no correlation with
tempo was observed (rs = -0.076, p = 0.368). Interestingly, the Westerners showed the same profile with
slightly stronger correlations (rh = 0.675, p < 0.001; rs = 0.076, p = 0.375; rf = -0.800, p < 0.001). Hence,
both groups seem to have used tempo cues in a similar manner to determine the emotional content of a
piece.
Similarly, we explored the influence of the mode on the classification of the emotional connotation of a
particular piece. We observed that the majority of major pieces are classified as happy, the majority of
pieces with indefinite mode as sad and most of the pieces in minor as scared/fearful (see Supplementary
Table 6). Again, in both groups the general response pattern was found to be similar. To test whether the
mode has a significant influence on the classification of the pieces, we used a chi-square-test (calculated
with the total number of pieces in major, indefinite, or minor mode that were rated either as happy, sad or
scared, separately for Mafa and Western listeners). It revealed that the frequency with which the participants classified a piece into a category varied significantly with the mode of the piece in both groups,
even though this response pattern was more marked in the Western listeners (χ2(4) = 794.781, p < 0.001)
compared to the Mafa listeners (χ2(4) = 142.467, p < 0.001).
Experiment 1: Discussion of mechanisms underlying the recognition of emotional expression in music
Two possible processes may account for the successful recognition of an emotional expression in music
(see Supplementary Figure 7). One process by which a listener can recognize an emotional expression
from the music appears to occur at the level of the acoustic features of the musical phrase, such as tempo
and loudness (depicted as process 1 in the model in Supplementary Figure 7). A second process by which
a listener may recognize an emotional expression in the music is by a process of emotional contagion, by
which for example a musical phrase expressing sadness makes the listener feel sad, and a musical phrase
expressing happiness makes the listener feel happy. The listener then categorizes the emotional expression of the music in relation to his own emotional experience.
Both processes can be labelled emotional expression recognition, whereas the recognition process involving emotional contagion involves a stronger engagement of the listener during the recognition process.
The correlation analyses performed show that in both Mafa and Western listeners, tempo and mode influence the emotional expression categorization. However, our data does not show how much the second
process comes into play (this is due to the fact that the methodology to gain experimental evidence of
internal emotional states has not yet been developed).
Experiment 1: An argument against music as a universal language of emotions
Although some of the data aquired in Experiment 1 may be interpreted as corroborating the idea of music
as a medium to universally mediate emotion, a possible absence of a variety of emotional expressions in
Mafa music (as reported in the section Experimental Procedures, Stimuli) suggests a different interpretation. If music were in its essence indeed a universal language of emotions, why does Mafa music seems to
not express a comparable variety of emotions as Western music? The appropriate answer to this is that
although emotional expressions in music are perceived universally, this may not be the principal function
of music (as already pointed out by Hanslick in his 1854 essay [12]). Despite the observed universals of
emotional expression recognition one should thus be cautious to conjure the idea of music as a universal
language of emotion, which is partly a legacy of the period of romanticism.

9

Current Biology, Volume 19

Experiment 2: Sensory and musical dissonance
In the literature two types of dissonance are distinguished: the first, sensory or psychoacoustical, arising
from inharmonicity in the frequency spectrum of the acoustic signal (deriving from multiple frequency
components interacting within critical bandwidths; [13-19]), and thus bearing a principled relationship to
the operation of the auditory system. The second, usually referred to as musical dissonance, arises from
cultural musical practice [20-22], wherein certain tones or simultaneous combinations of tones are perceived to be syntactically 'unstable', requiring resolution by succeeding 'stable' tones or tone-combinations
[21, 23-25].
Experiment 2: Group differences of ratings for original vs. spectrally manipulated music
As briefly mentioned in the main text, the difference in perceived pleasantness (between original and
spectrally manipulated music) was greater in Western than in Mafa listeners (Figure 1B and Supplementary Figure 2,see also Supplementary Table 4, and interaction spectrum × subgroup in Supplementary
Table 2). Several reasons might account for this finding:
(1) To the Mafa, the spectrally manipulated music (where more frequencies were simultaneously audible)
may have sounded like more players were involved in the musical performance. Because Mafa flutes are
exhausting to play, the Mafa appreciate powerful music performances, which are characterised by a great
number of performers and also by the liveliness and duration of the musical pieces (which is also why
longer pieces of music and their counterparts were probably more appreciated by the Mafa, see Supplementary Table 4).
However, the spectrally manipulated excerpts were not preferred over the original performance, so this is
therefore probably a secondary, cultural effect adding to a sensory factor (see main text) working in the
opposite direction. Such secondary cultural effects are also observable in many other non-Western cultures (see e.g. [26]) where musical sounds that appear strongly dissonant to most Western listeners may
be perceived as musically acceptable.
(2) Western listeners are more accustomed to listening to variable and long polyphonic music sequences
(notably, Mafa music is extremely repetitive, usually based on two-measure patterns). This provides more
opportunity for probabilistic learning of harmonic structures, so Western listeners may therefore be more
trained to perceive harmonies, and to differentiate between consonance and dissonance. It should be noted
that whereas an alternation of consonance and dissonance may possibly also apply as a syntactical measure in Western music, this does not necessarily pertain to music in non-Western cultures.
(3) On average (not for individuals) the Mafa may have tended to not judge sounds as being highly unpleasant, thereby compressing the range.
Experiment 2: Forward vs. backward music
For Western listeners, the valence percept (their percept of pleasantness/unpleasantness) evoked by a musical signal can also be purposefully altered by a manipulation of its temporal order [27]. We therefore
also investigated the appreciation of music played forward and backward with Mafa and Western participants. In this section of Experiment 2, which is not discussed in the main text, we included Western music pieces and Mafa music recordings and also their reversed counterparts.
Both Mafa and Western listeners preferred forward over reversed music stimuli when assessing the music
of their own culture, and interestingly also when evaluating music of the respective other culture (Supplementary Figure 4, see also results of MANOVAs in Supplementary Table 4). The latter finding is
striking considering the fact that neither the Western listeners nor the Mafa, had ever before listened to
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music of the respective other culture before, and did not know that the stimulus sample contained manipulated music pieces.
Time reversed envelopes of natural sounds seem to generally make sounds less pleasant to listen to, presumably because many natural sounds (including speech sounds) have rapid onsets and gradual decays. It
is thus possible that the listeners responded to an unnaturalness of the reversed stimulus material. However, the Mafa listeners tended to attribute the manipulated Mafa music excerpts to real people (children
or inhabitants of other villages). One of the reasons for this may be that the Mafa have no concept of
technically manipulated natural sounds. Another reason may be that the on- and offsets of the Mafa flute
tones are rather prompt and symmetric (~ 30 ms), so that the single flute tones sound quite similar in either direction. An alternative explanation (besides that the versions played backward sounded unnatural)
may be that the listeners preferred the originally composed sequence of sounds over this sequence played
backwards, both for the music of their own culture, as well as for the unknown music of the respective
other culture (to which they were naïve).
Experiment 2: For Mafa but not for Western listeners the effect of spectral manipulation is additive
Only Western listeners showed a significant interaction of spectrum × direction, see Table 1), indicating
that they responded more strongly to a spectral manipulation of the forward stimuli than to a spectral manipulation of the stimuli played backwards. For the Mafa listeners the effect of the spectral manipulation
is merely additive, i.e., similar when forward and reversed stimuli were manipulated.
Experiment 2: Effects of length of stimuli
As reported in the section Stimuli and Experimental Design of the main text, the stimuli used in Experiment 2 varied in their duration (2, 10, 30 sec.). While the Mafa listeners showed a significant interaction
between length and valence (the longer the music, the stronger the pleasantness ratings), Western listeners
only show such an interaction for the Mafa (and not for Western) music. The finding of a significant interaction between length and valence in Mafa listeners may be explained by the observation that a flute
performance of only a short duration is generally regarded as a bad performance among Mafas (the Mafa
listeners would often attribute the short stimuli to unmotivated performers or children trying to play the
flute), which is probably connected to the fact that playing the Mafa flutes is a vigorous, physically challenging activity, and in a natural setting a longer performance corresponds to higher skill and greater fitness [9, 28] of the players. The question of why Western listeners show a significant interaction between
length and valence for the unknown Mafa music but not their own remains open.
Experiment 1 and 2: How the capability to recognize emotional expressions in Western music relates to
its appreciation
Finally, we investigated whether the capability to recognize emotional expressions in Western music
pieces modulates a listener’s appreciation (valence percept) of the Western music. For this, the emotion
expression recognition performance of Mafa individuals who had participated in both experiments was
correlated with their valence assessment behaviour as determined in Experiment 2 (for Western listeners,
no significant correlations were found (neither for the manipulations on direction, r = 0.17, nor on those
of spectrum, r = -0.11), presumably due to the ceiling effects observed in Experiment 1). Interestingly,
the Mafa showed a positive correlation between performance in the emotional expression recognition
experiment and the extent to which they differentiated (in terms of valence) between forward and reversed Western music excerpts (r = 0.74; p = 0.015; N = 10). In contrast, no correlation was observed
between the performance in the emotional expression recognition experiment and the extent to which they
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differentiated between music excerpts with original and manipulated spectrum (r = 0.12; p = 0.737; N =
10). This suggests that Mafa participants who better recognized the emotional expressions in Western
music were more sensitive to a distortion of the temporal (but not spectral) order of the music excerpts,
and showed a greater preference for the original Western music excerpts as opposed to the manipulated
versions. In other words, a capacity to recognize emotional expressions in the Western music contributed
to the Mafa perceiving the Western music as pleasant and the reversed music as unpleasant. One possibility that may account for this finding is that recognizing emotional expressions in the music makes the
music more pleasant for the Mafa, and that playing the music backward distorts the emotional expression
for the Mafa more strongly than its spectral manipulation.

- Supplemental Experimental Procedures

Participants
Only Mafas who had never before listened to radio, and had never been to or lived in the proximity of a
church were accepted as participants for the experiments because exposure to Western music mainly
spreads with electricity supply (and the resulting possibility to operate radios) and Christianization
(through Western Christian song). The age of most Mafa participants had to be estimated because they do
not have a concept of accumulated age. The Mafa participants could neither be categorized as musicians
nor as nonmusicians, because they do not have a concept of professional musicianship even though many
dedicate time to musical activity on an everyday basis.

Stimuli
Stimuli of the emotional expression recognition experiment (Experiment 1) were controlled for timbre,
tone volume, tone attack, tone decay, tone release, and tempo fluctuation. No Mafa flute music was included in this experiment, as the Mafa music recorded locally was mandatorily associated with certain
festive rituals, but not unambiguously assigned by its performers to any particular emotional expressions.
Not more than two versions of the same stimulus category occurred in direct succession, and an equivalent number of stimuli from each category occurred in each third of the experiment.
The Mafa flute music included in Experiment 2 plays a key role in the performance of a number of rituals. Its integrated and context-dependent character in Mafa society is nicely illustrated by the observations
that the Mafa do not have a word for music at all, and that music performers labeled music patterns by
reference to the rituals where they are traditionally performed. To the naïve Western ear, Mafa music
sounds bizarre (supplementary audio examples, Figure 3, Supplementary Figure 1).
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Experimental design
In Experiment 1, an emotional expression recognition experiment with computer-generated piano music
excerpts was performed, where the music stimuli had to be classified with the corresponding depictions of
facial expressions from the Ekman archive (happy, sad, scared/fearful) [29]. The experiment was conducted with a group of Mafa and German participants. Before the experiment all participants were asked
to verbally identify the three emotional expressions depicted on the paper sheets and agreement was
reached about which emotional expression corresponded to which depiction (three Mafa participants had
difficulties recognizing facial expressions on the two-dimensional paper sheet presentations and had to be
excluded from the test). Note that emotional expressions in music need not map directly onto the emotions that have traditionally been researched in the facial expression literature (for more information on
musical emotions see e.g. [30, 31]).
During the experiment, the participants had to indicate which facial expression best fit with the expression of each music excerpt (forced choice). Additionally, they were asked to verbally identify the corresponding emotional expression in order to ensure that they remained attentive during the experiment and
that their response did not arise from a faulty recognition of the facial expressions. Importantly, if the two
responses (indication of facial expression and verbalization of the emotional expression) did not match,
this was taken as indicative of low attentiveness of the participant and the trial had to be repeated (ensuring active and concentrated participation in the experiment). If the participants had problems recognizing
facial expressions on the paper sheets, and accordingly had several mismatches in a row, they were excluded from the experiment.
To illustrate the extremes of the bipolar dimension (Experiment 2) on the slider interface in a universally
comprehensible manner, we adapted an SAM (Self-Assessment-Manikin [32]) which was designed to
signify valence (from displeasure to pleasure) but in the original rather depicts a scale from unhappiness
to happiness (see Supplementary Figure 6).
To validate the valence scale ratings, participants were asked to verbally express their approximate valence judgement before pressing a button on the slider interface to confirm their rating. If the two responses (slider and articulation) did not match, this was taken as an indication of a low attentiveness of
the participant, and in such cases the trial was repeated.
The instructions were presented in a standardized fashion with the Presentation software either in German
or Mafa (translated and recorded before the field trip by a Mafa woman living in Europe). While auditory
instructions were presented over headphones, the experimenter simultaneously demonstrated how to handle the interface. During the experiment only the participants could listen to the stimuli to avoid a response bias through responses of the experimenter.
The Mafa usually attributed the manipulated music to real people. Typical Mafa comments were: “you
shouldn’t let children play the flutes, this is no good”, or “I know this, this is from the people of the
Gouzda village, I really don’t like how they play the flutes”.
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- Supplemental Statistical Evaluation

Test results were considered to be significant when the probability of error was lower than 0.05 (twotailed). When necessary, a Bonferroni correction was applied. In Experiment 1 a t-test against chance
(1/3) was calculated to test for significance of the recognition rates of emotional expression in Western
piano music excerpts (Figure 1A). In addition, a binomial distribution test (with the assumption that
above a percentile rank of 95 the result is not chance) was calculated to determine the percentage of Mafa
and Western participants that performed above this criterion in the experiment. A MANOVA for the percentages of correct responses was computed with the within-subject factor “emotional expression” (happy
vs. sad vs. scared) and the between-subjects factor “subgroup” (Mafa vs. Western listeners). A pairedsamples t-test was conducted to test whether the choice of the non-target categories in attributing the
emotional expression were biased towards one of these two emotions (i.e., it was determined if one of the
two non-target categories was chosen significantly more often than the other) (table in Supplementary
Figure 5).
For the statistical evaluation in Experiment 2, the rating values for each participant were z-transformed to
eliminate individual assessment tendencies. With these values, four MANOVAs with the within-subjectfactors direction (forward vs. reversed), spectrum (consonant vs. dissonant), and length (2, 10, and 30
sec) were computed for each subgroup and each musical culture separately (Supplementary Table 4).
We used these four models because our focus of interest was the investigation of the subgroup-specific
responses to the music from both cultures. Furthermore, we observed interactions for direction (forward
vs. reversed) × subgroup (Western vs. Mafa listeners) as well as for spectrum (consonant vs. dissonant) ×
subgroup for both Western and Mafa music (see additional online material, Supplementary Table 2 and
3). In the mixed-model MANOVAs used in these analyses, direction, spectrum, and length (2, 10, and 30
sec) served as within-subject-, and subgroup as between-subjects-factor. Because not all Mafa participants took part in both Experiments A and B, we computed two separate MANOVAs for Western and
Mafa music, respectively. These MANOVAs were computed for the z-transformed (Supplementary Table
2) as well as for the non-transformed values (Supplementary Table 3). The latter analysis was necessary
because the main effect of subgroup could not be evaluated for the z-transformed values (where the mean
within each subject was zero, resulting in a mean of zero in the two subgroups). A significant main effect
of subgroup was revealed in both MANOVAs (with the non-transformed values) for Western as well as
for Mafa music. Apart from these differences, the MANOVAs (for z-transformed and non-transformed
values) revealed comparable results.
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