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We present a cross-cultural study on the performance and perception of affective expression in music.
Professional bowed-string musicians from different musical traditions (Swedish folk music, Hindustani
classical music, Japanese traditional music, and Western classical music) were instructed to perform short
pieces of music to convey 11 emotions and related states to listeners. All musical stimuli were judged by
Swedish, Indian, and Japanese participants in a balanced design, and a variety of acoustic and musical
cues were extracted. Results first showed that the musicians’ expressive intentions could be recognized
with accuracy above chance both within and across musical cultures, but communication was, in general,
more accurate for culturally familiar versus unfamiliar music, and for basic emotions versus nonbasic
affective states. We further used a lens-model approach to describe the relations between the strategies
that musicians use to convey various expressions and listeners’ perceptions of the affective content of the
music. Many acoustic and musical cues were similarly correlated with both the musicians’ expressive
intentions and the listeners’ affective judgments across musical cultures, but the match between
musicians’ and listeners’ uses of cues was better in within-cultural versus cross-cultural conditions. We
conclude that affective expression in music may depend on a combination of universal and culture-
specific factors.
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The question whether the expressiveness of one culture’s music
can be recognized by listeners from different musical cultures has
been the source of much discussion (e.g., Higgins, 2012; Walker,
1996). On the one hand, music as a phenomenon is present in
virtually all cultures (Merriam, 1964), and the basic building
blocks of music, such as pitch and durations, seem to be organized

according to largely universal principles (Brown & Jordania, in
press; Higgins, 2006), which, in turn, are partly determined by the
properties of the human auditory system (McDermott & Oxenham,
2008). On the other hand, it has been suggested that “music takes
as many forms as culture” (Cross, 2008, p. 149), and many studies
report culture-specific diversity with regard to perception and
cognition of structural elements of music (Morrison & Demorest,
2009; Stevens, 2012).

Affect and emotion occupy a special place among music’s
expressive qualities, as evidenced by philosophical theories
maintaining that an important value of music lies in its capacity
to express emotions (e.g., Budd, 1985)—a view commonly
shared by both music performers (Laukka, 2004) and music
listeners (Juslin & Laukka, 2004). A large body of research
suggests that musicians can communicate certain emotions to
listeners by varying aspects of their performances in relatively
emotion-specific ways (Juslin & Timmers, 2010). Several struc-
tural elements of music (e.g., mode) are also related to listeners’
affective perception of musical works (Gabrielsson & Lind-
ström, 2010). For example, happiness is often conveyed by fast
tempo, staccato articulation, moderately high sound level, high

This article was published Online First February 11, 2013.
Petri Laukka, Department of Psychology, Stockholm University, Stock-

holm, Sweden; Tuomas Eerola, Department of Music, Finnish Centre of
Excellence in Interdisciplinary Music Research, University of Jyväskylä,
Jyväskylä, Finland; Nutankumar S. Thingujam, Department of Psychology,
Sikkim University, Gangtok, India; Teruo Yamasaki, Faculty of Psychol-
ogy, Osaka-Shoin Women’s University, Nara, Japan; Grégory Beller,
Institut de Recherche et Coordination Acoustique/Musique (IRCAM),
Paris, France.

The research was supported by the Swedish Research Council through
grant 2006-1360 to Petri Laukka.

Correspondence concerning this article should be addressed to Petri
Laukka, Stockholm University, Department of Psychology, 10691 Stock-
holm, Sweden. E-mail: petri.laukka@psychology.su.se

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

Emotion © 2013 American Psychological Association
2013, Vol. 13, No. 3, 434–449 1528-3542/13/$12.00 DOI: 10.1037/a0031388

434

http://dx.doi.org/10.1037/a0031388.supp
mailto:petri.laukka@psychology.su.se
http://dx.doi.org/10.1037/a0031388


pitch, consonant harmony, and a major mode, whereas sadness
is conveyed by slow tempo, legato articulation, low sound level,
low pitch, dissonant harmony, and a minor mode.

The relations between the strategies that musicians use to con-
vey various expressions, and listeners’ perceptions of the affective
content of the music, can be illustrated by Brunswik’s (1956) lens
model, which is a widely used framework for studying human
judgment processes. As shown in Figure 1, a performer (encoder)
can express affect by using a set of probabilistic (i.e., uncertain)
and partly redundant cues, which are then utilized by listeners
(decoders) to judge the expression of the performance. Each cue in
itself is not a perfectly reliable indicator of the expressed affective
character, and decoders therefore have to combine many cues for
successful communication to occur. Also, because each cue is
partly redundant, more than one way of using the cues may lead to
accurate communication. Such flexibility further allows perform-
ers to exchange different cues for another, and makes it possible to
convey affect expressions on a wide range of instruments and
employing idiosyncratic and culture-specific expressive styles
(Juslin, 2000).

Music has many important acoustic attributes in common with
speech, and many of the cues associated with musical expression
(e.g., pitch, loudness, timbre, and tempo) are also important for
vocal expression (i.e., expression of affect through the nonverbal
aspects of speech). Many authors have noted that musical and
vocal expressions could share a common expressive “code” and
evidence from comprehensive reviews support this hypothesis
(Juslin & Laukka, 2003; Scherer, 1995). Thus, the tendency to hear
emotion in music may partly stem from similarities between the
acoustic attributes of the music and aspects of emotional human
behavior.1 Scherer (1986) proposed that vocal expressions largely
result from physiological responses (e.g., autonomic activation) to
the appraisal of emotional situations and their resulting effect on
the speech production apparatus. This implies that aspects of vocal
affect expressions can be expected to exhibit phylogenetic conti-
nuity, and many studies have reported accurate cross-cultural
communication of vocal expressions (e.g., Pell, Paulmann, Dara,
Alasseri, & Kotz, 2009; Sauter, Eisner, Ekman, & Scott, 2010;
Scherer, Banse, & Wallbott, 2001; Thompson & Balkwill, 2006;
see Juslin & Laukka, 2003, for a review). Thus, to the extent that
musicians express affect using a nonverbal code that derives from
vocal expression, and to the extent that vocal expressions are
universal, we might expect to find universality also for affective
expressions conveyed by music.

Most studies on affect expression in music report data collected
from a culturally narrow range of musicians and listeners (typi-
cally Western art music judged by Western listeners), and evidence
for cross-cultural communication remains limited (for reviews, see
Davies, 2011; Thompson & Balkwill, 2010). Nevertheless, there is
tentative evidence that people can understand the affective expres-
sion of musical excerpts from unfamiliar musical traditions. For
example, Balkwill and Thompson (1999) let 30 Western listeners
judge the expression of 12 Hindustani ragas intended to express
anger, happiness, peacefulness, and sadness, and found that the
listeners were sensitive to the intended expression of the ragas.
Also, Fritz et al. (2009) showed that listeners from a native African
population—who were naïve to Western music—were able to
recognize fear, happiness, and sadness from Western music with
accuracy above chance.

Studies on cross-cultural communication of (mainly) facial ex-
pressions have documented evidence for an in-group advantage—
whereby individuals perform better when judging emotional stim-
uli from their own culture versus other cultures (Elfenbein &
Ambady, 2002). It is important to use a balanced design—where
stimuli from each culture are judged by individuals from each
culture—when testing a possible in-group advantage, otherwise
cultural effects cannot be separated from other group effects.
However, previous studies of musical affect recognition have
relied on designs where judges from different cultures rate music
from one culture (Adachi, Trehub, & Abe, 2004; Kwoun, 2009;
Wieczorkowska, Datta, Sengupta, Dey, & Mukherjee, 2010;
Zacharopoulou & Kyriakidou, 2009), or judges from one culture
rate music from different cultures (Balkwill, Thompson, & Mat-
sunaga, 2004; Hoshino, 1996; Keil & Keil, 1966).2

According to the dialect theory of emotion (Elfenbein, Beaupré,
Lévesque, & Hess, 2007), the in-group advantage results from
subtle cultural differences in expression style, and the lower rec-
ognition of out-group stimuli has been directly linked to cultural
differences in expression style in studies of facial expressions
(Dailey et al., 2010; Elfenbein et al., 2007). In a similar vein,
Thompson and Balkwill (2010; Balkwill & Thompson, 1999)
proposed that affective expression in music is achieved through a
combination of two partly redundant sources of information,
namely, universal and culture-specific cues. Universal cues refer to
elements of music that can be understood without musical encul-
turation, and listeners should be able to infer affect from unfamiliar
musical cultures to the extent that universal cues to affect are
present. When culture-specific cues to affect are present, however,

1 In this article, we will focus on the hypothesis that music can express
affect by imitating expressive features of affective speech because this
view has received considerable empirical support (e.g., Juslin & Laukka,
2003). However, it should be noted that expression in music may also
derive from symbolic similarities with other forms of human emotional
behavior such as “the gait, attitude, air, carriage, posture, and comportment
of the human body” (Davies, 2006, p. 182).

2 A few studies have used balanced designs, where judges from Western
and Eastern cultures judge both Western and Eastern music (Darrow,
Haack, & Kuribayashi, 1987; Gregory & Varney, 1996), but none of these
assessed emotion recognition accuracy and also confused expressed emo-
tion with experienced emotion (see Davies, 2011, for an insightful critique
of this literature). Also, Fritz et al. (2009) included an experiment where
Western and Mafa listeners rated the valence of both Western and Mafa
music, but they did not assess emotion recognition accuracy in that exper-
iment.Figure 1. A lens model of musical communication.
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they are best understood by listeners who are familiar with the
particular musical style, and may thus contribute to an in-group
advantage in recognition accuracy. Taken together, this empha-
sizes the need to study both the encoding and decoding sides of the
communication chain in order to determine if affective character is
expressed and interpreted similarly or differently across cultures.
Importantly, cultural differences may exist (a) in the way different
affective characters are portrayed (resulting in different cue con-
figurations), (b) in the way members of different cultures perceive
these features and the inferences they draw from them, or (c) in
both encoding and decoding (Scherer, Clark-Polner, & Mortillaro,
2011).

Previous cross-cultural music studies have mainly focused on
decoding and few studies have investigated cultural effects on
encoding. Bowling, Sundararajan, Han, and Purves (2012) recently
compared acoustic cues in Indian and Western music and speech,
and reported that positive/excited emotion was encoded using
larger melodic/pitch intervals and more high-frequency spectral
energy when compared with negative/subdued emotion in both
speech and music across cultures. A few studies have also at-
tempted to link decoding and encoding by relating listener judg-
ments of emotion with subjective ratings of performance cues
(Adachi et al., 2004; Balkwill & Thompson, 1999; Balkwill et al.,
2004; Zacharopoulou & Kyriakidou, 2009). However, no previous
studies have investigated the associations between encoding and
decoding using objective acoustic measures.

In the present study, our first aim was to investigate if emotions
and related states can be communicated through music within and
across different musical cultures. By using a balanced design, we
present the first test of whether affect recognition is more accurate
for culturally familiar music than for unfamiliar music. Musicians
from three distinct musical traditions (Swedish folk music, Hin-
dustani classical music, and Japanese traditional music) were in-
structed to perform short pieces of music to convey various ex-
pressions to listeners, and the resulting performances were
evaluated by listeners from each culture (Sweden, India, and
Japan). We hypothesized that familiarity with a specific musical
culture would give rise to an in-group advantage, with more
accurate affect recognition for familiar versus unfamiliar music.
Most previous research on music and emotion has been conducted
using Western music and, for the sake of consistency, we also
included Western classical music as a control condition. Because
Western music is ubiquitous in large parts of the world, and
because musical structural knowledge can be implicitly acquired
through mere exposure to a particular type of music (e.g., Huron,
2006; Tillmann, Bharucha, & Bigand, 2000; Wong, Roy, & Mar-
gulis, 2009), we expected listeners from all cultures to be familiar
with Western classical music. Consequently, we expected cross-
cultural differences in affect recognition to be small or nonexistent
for this condition. Our second aim was to relate encoding and
decoding in a lens-model analysis—using state-of-the-art analysis
of musical features—in order to investigate how consistently mu-
sicians and listeners make use of various cues across musical
cultures. Here we hypothesized that the matching between encod-
ers’ and decoders’ uses of cues (see Figure 1) would be less
accurate for cross-cultural, compared with within-cultural, condi-
tions.

Whereas most previous studies focused on a limited number of
emotions, we included a larger than usual selection of emotions

and emotion-related states relevant to musical expressivity, based
on a careful reading of the literature on music and emotion (e.g.,
Collier, 2002; Gabrielsson & Juslin, 2003; Hevner, 1936; Juslin &
Laukka, 2004; Laukka, 2004; Wedin, 1969; Zentner, Grandjean, &
Scherer, 2008). First, we included basic emotions—anger, fear,
happiness, and sadness (Ekman, 1992)—which have been shown
to be accurately communicated through both music and speech in
previous cross-cultural studies (Balkwill et al., 2004; Fritz et al.,
2009; Juslin & Laukka, 2003). We further included affection,
peacefulness, and solemnity because previous within-cultural mu-
sic studies have reported accurate recognition for these expressions
(e.g., Gabrielsson & Juslin, 1996; Vieillard et al., 2008). Finally,
we included humor, longing, and spirituality—which are consid-
ered important expressive qualities of music—although no previ-
ous studies have investigated if they actually can be conveyed by
musical means. Based on the similarities between music and
speech, we expected basic emotions to be accurately decoded both
within and across cultures. The other selected expressions have
rarely or never been included in cross-cultural studies on vocal
expression, and it is thus an open question whether they can be
musically conveyed across cultures or not.

Method

Musical Stimuli

Twelve professional musicians from four distinct musical cul-
tures (Hindustani classical music, Japanese traditional music,
Swedish folk music, and Western classical music) took part in the
study (3 musicians/culture; mean age � 38.8 years; 5 women). The
Swedish and Western classical performers were violinists, whereas
the Indian and Japanese musicians performed on the sarangi and
kokyu� , respectively. The sarangi is a bowed-string instrument of
India that plays an important part in Hindustani classical music
(Bor, 1987), and the kokyu� is a traditional Japanese instrument
similar to a bowed lute (Hughes, 2001); both are held vertically in
front of the chest. We chose to use bowed-string instruments
because they allow the musicians to use a particularly wide range
of expressive means. All musicians were well-established perform-
ers on their respective instrument, with extensive musical experi-
ence (years of experience as a professional musician—Hindustani
musicians, M � 20.3 years; Japanese musicians, M � 13.3 years;
Swedish musicians, M � 28.3 years; Western classical musicians,
M � 14.0 years).

The musicians were instructed to express 11 different emotions
and related states: affection, anger, fear, happiness, humor, long-
ing, peacefulness, sadness, solemnity, spirituality, and neutral. It
should be noted that this selection was influenced by empirical and
theoretical work on musical expressivity (e.g., Gabrielsson &
Juslin, 2003) rather than current psychological theories of emotion.
Anger, fear, happiness, and sadness are generally considered basic
emotions (e.g., Ekman, 1992), and are often conceptualized as
rapid adaptive reactions to certain goal-relevant changes in our
environment that consist of several components, including cogni-
tive appraisal, physiological response, and expressive behavior.
However, many of the other included expressions (especially spir-
ituality) are hard to classify based on current psychological theo-
rizing on emotion and we therefore refer to them collectively as
“nonbasic” affective states, based on the premise that they denote
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states with some sort of affective valence but that there is not
sufficient evidence to consider them basic emotions (Matsumoto &
Hwang, 2012).

Each musician chose one brief excerpt of music for each in-
tended expression, from his or her respective musical tradition, and
then performed the piece in a way that would convey the intended
expression to a listener. The samples of Swedish folk music
consisted of traditional tunes, mainly from the northern Uppland
tradition, whereas the Hindustani excerpts were different ragas or
sections of ragas, such as alap, jor, and jhala. The Japanese stimuli
consisted of pieces from the kokyu� repertoire, mainly from the Edo
period in Japan (17th to 19th centuries), and the Western classical
stimuli were culled from composers such as J. S. Bach, Bartok,
Beethoven, John Cage, Saint-Saëns, Stravinsky, Tchaikovsky, and
Vivaldi.3

Recording sessions were conducted in professional music stu-
dios, and the recording level was first optimized for each per-
former and then kept the same during the whole recording session.
The Swedish recordings were conducted in Uppsala, the Indian
recordings in Pune, the Japanese in Osaka, and the Western clas-
sical musicians were recorded in Paris, France. Instructions were
translated from English into the musicians’ native language using
a translation/back-translation procedure. Each musician produced
one performance for each intended expression, which yielded a
total of 132 musical stimuli (12 musicians � 11 emotions/related
states). The length of the stimuli in general varied between 30 s to
1 min.

Participants and Procedure

Recognition experiments were conducted in three countries, and
we utilized a balanced design where native student participants
from each culture judged the expression of all musical stimuli
(Sweden, n � 30, mean age � 27.2 years, 15 women; India, n �
30, mean age � 23.9 years, 15 women; Japan, n � 27, mean age �
22.4 years, 13 women). In a forced-choice design, the judges were
instructed to choose, from among the 11 intended expressions, one
label that best represented the expression conveyed by each mu-
sical excerpt. Responses were scored as correct if the response
matched the intended expression of the musical excerpt. Although
there are well-documented concerns regarding the forced-choice
methodology (e.g., Frank & Stennett, 2001; Russell, 1994), it was
adopted here for consistency with previous research on the in-
group advantage in cross-cultural emotion recognition (e.g., Elf-
enbein et al., 2007).

Experiments were conducted individually using MediaLab soft-
ware to present stimuli and record responses. The presentation
order of the different stimulus sets, as well as the order of the
stimuli within each culture, was randomized. The participants
listened to stimuli through headphones with constant sound levels.
The length of one experimental session was 1 to 1.5 h. Response
choices were translated from English into the participants’ native
languages using a translation/back-translation procedure. Having
finished the recognition experiment, the participants were also
asked to rate—on scales ranging from 1 (not at all familiar) to 7
(very familiar)—how familiar they were with Swedish folk music,
Hindustani classical music, Japanese traditional music, and West-
ern classical music.

Musical Feature Extraction

Each musical stimulus was analyzed using the MIR toolbox
(Eerola, Lartillot, & Toiviainen, 2009; Lartillot & Toiviainen,
2007), which is a widely used software dedicated to the extraction
of music-related features from audio recordings. The tool analyzes
the acoustic signal using short overlapping frames (typically rang-
ing from 25 ms to 100 ms, with 50% overlap), and the results are
then summarized across frames and presented as means or stan-
dard deviations. The acoustic signal was filtered, using predefined
filtering (e.g., spectral or temporal) for each feature, before ex-
traction. The raw values for each feature and musician were further
z-transformed before being entered into the statistical analyses in
order to control for differences in baseline values between musi-
cians.

For this study, we selected 26 features to represent aspects of
music that have previously been associated with affect expression
(see Gabrielsson & Lindström, 2010; Juslin & Laukka, 2003), and
these features are briefly described in Table 1. We refer to Eerola
(2011) for a detailed description of pertinent literature and pointers
for each feature. The features can be broadly divided into acoustic
cues, which represent basic acoustic-perceptual dimensions shared
between music and speech (i.e., register/pitch, dynamics/loudness,
timbre, and tempo) and which show similar affective connotations
in both domains (e.g., Juslin & Laukka, 2003), and musical cues,
which represent higher-level music-specific constructs such as
tonality and musical structure. In a way of summary, the assumed
overlap between speech and music for each feature is also given in
Table 1.

Results

Familiarity Ratings

The participants’ familiarity ratings were analyzed with a 4
(musical culture) � 3 (listener culture) mixed measures ANOVA.
Significant effects of listener culture, F(2, 84) � 5.56, p � .005,
�p

2 � .12, and musical culture, F(3, 252) � 24.10, p � .0001, �p
2 �

.22, were qualified by a significant interaction, F(6, 252) � 70.26,
p � .0001, �p

2 � .63. Pairwise comparisons indicated that all
listener groups rated music from their own culture (in-group mu-
sic) and also, as expected, Western classical music as more famil-
iar than music from the remaining two cultures (out-group music):
Indian listeners, ts(29) � 4.27; Japanese listeners, ts(26) � 5.28;
and Swedish listeners, ts(29) � 8.06; all ps � .0002. Swedish and
Japanese participants further rated in-group music and Western
classical music as equally familiar, whereas Indian listeners rated
in-group music as significantly more familiar than Western clas-
sical music (t29 � 9.53, p � .0001). Table 2 lists mean values of
rated familiarity for all culture pairings.

3 It is beyond the scope of this article to describe in detail the musical
structure and performance practices of the included musical traditions, but
this information is available from other sources (e.g., Burkholder, Grout, &
Palisca, 2009; Jersild & Ramsten, 2001; Malm, 2000; Ruckert, 2004).
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Affect Recognition Accuracy Within and Across
Cultures

Recognition rates (proportion of judgment accuracy) were ana-
lyzed with a 3 (listener culture: Indian, Japanese, and Swedish) �
4 (musical culture: Hindustani classical, Japanese traditional,
Swedish folk, and Western classical music) � 11 (expression)
mixed measures ANOVA. There was no significant effect of
listener culture, F(2, 84) � 1.99, p � .14, �p

2 � .05, indicating that
the listener groups overall performed with similar level of accuracy.
However, accuracy varied across musical cultures, F(3, 252) � 55.64,
p � .0001, �p

2 � .40, such that Western classical music (M � 0.31)
received significantly higher overall accuracy than Swedish (M �
0.24) and Indian music (M � 0.22), both of which, in turn, were
better recognized than Japanese music (M � 0.18); ts(86) � 3.38,
ps � .0011. Recognition rates also varied across expressions,
F(10, 840) � 45.06, p � .0001, �p

2 � .34, to the effect that anger
(M � 0.37), fear (M � 0.34), happiness (M � 0.29), humor (M �
0.33), and sadness (M � 0.32) were better recognized, ts(86) �

4.87, ps � .0001, than affection (M � 0.16), longing (M � 0.18),
neutral (M � 0.18), peacefulness (M � 0.19), and solemnity (M �
0.14); and all expressions, with the exception of solemnity, were
better recognized than spirituality (M � 0.10), ts(86) � 3.96, ps �
.0002.

All main effects were also qualified by significant interactions,
and Table 2 shows the recognition rates as a function of listener
culture, musical culture, and intended expression. The interaction
between listener culture and intended expression, F(20, 840) �
2.62, p � .00045, �p

2 � .06, indicated that hit rates for specific
expressions varied between listener groups. The main trends were
that Swedish listeners showed higher recognition rates for fear and
longing than the other groups, whereas Indian listeners showed
higher rates for sadness but lower rates for solemnity. The inter-
action between musical culture and expression, F(30, 2520) �
17.57, p � .0001, �p

2 � .17, in turn indicated that hit rates for
specific expressions also varied between musician groups. As
shown in Table 2, Western classical music received the highest hit
rates for most expressions, but happiness and humor were best
recognized from Swedish music. Indian music was particularly
effective for conveying anger and sadness, whereas Japanese mu-
sic received its highest hit rates for fear.

The interaction between listener culture and musical culture,
F(6, 252) � 9.85, p � .0001, �p

2 � .19, is the main effect of
interest for analyses of cultural differences in affect recognition.
Indian and Swedish listeners performed significantly better overall
when judging in-group compared with out-group music, ts(29) �

3.88, ps � .0006 (see Table 2). However, Japanese listeners did
not perform better for in-group compared with out-group music.
We observed no group differences in accuracy between in-group
music and the control condition (Western classical music) for
Indian and Swedish listeners, but Japanese listeners performed
significantly better for Western classical music than for Japanese
music (t26 � 5.79, p � .0001). As hypothesized, we found evi-
dence for an overall in-group advantage (calculated as the mean
difference between in-group and out-group accuracy across con-
ditions), with higher accuracy in within-cultural (M � 0.25) versus
cross-cultural (M � 0.20) conditions. A separate t test (dependent
samples) comparing each listener’s overall in-group accuracy to

Table 1
Brief Description of the Acoustic and Musical Features

Feature type Description

Dynamics Applicable to both music and speech
RMS M, SD The amplitude of the sound, calculated as the

root mean square energy of the signal
Low energy Percentage of frames within the segment

having less-than-average energy
Rhythm Applicable to both music and speech

Attack time M The time duration between the initial note
onset time and its peak time, i.e., a
measure of how percussive or soft the
sound attack is

Tempo M Musical tempo (beats per minute) estimated
by applying autocorrelation techniques to
the amplitude envelope of the waveform

Pulse claritya How clear and stable the beat in music is;
obtained by applying autocorrelation
function to the amplitude envelope

Event density M Number of estimated note onsets per second
Timbre Applicable to both music and speech

Spectral centroid M The geometric centre of the spectral
frequency; a high value indicates
prevalence of high frequencies, which
makes the sound more sharp and less soft

Spectral entropy M A measure of the complexity of the spectrum
Roughness Estimation of the sensory dissonance
MFCC 2–7 Mel frequency cepstral coefficients, i.e.,

descriptors of timbral structure across the
frequency scale

Spectral flux M Variation between the consecutive spectral
frames

Register Applicable to both music and speech
Salient pitch M, SD The prevalent pitch in Hz established by

chromagram-based methods
Tonality Applicable to music

Key clarity M Key clarity refers to the maximum
correlation of so-called key profiles, which
represent the stability of the pitch-classes
in a given key

Mode M Degree to which the segment is in a major
key rather than a minor key, based on the
key profiles

HCDF M Harmonic Change Detection Function, which
describes the amount of change of the
tonal centroid

Structure Applicable to music
Spectral novelty “Novelty” refers to the degree of temporal

repetition of any particular feature, such as
spectrum across time based on detection of
edges within the diagonal of the self-
similarity matrix

Rhythm novelty Degree of temporal repetition of rhythm,
calculated using an autocorrelation vector
to represent local rhythm structures

Tonal novelty Degree of tonal repetition, calculated using a
chromagram-based vector of pitch-classes
to represent tonal structures

Register novelty Degree of register repetition, calculated using
an unwrapped chromagram vector to
represent the local register

Note. M � mean, SD � standard deviation.
a Not previously indicated as a shared cue with vocal expression.
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their out-group accuracy indicated that this difference was statis-
tically significant, t86 � 4.60, p � .0001, d � .69.

Finally, we observed a significant three-way interaction between
listener culture, musical culture, and expression, F(60, 2520) �
3.11, p � .0001, �p

2 � .07, indicating that the size of the in-group
advantage varied as a function of expression and culture condi-
tions. As shown in Table 2, the in-group advantage was largest for
sadness, solemnity, anger, longing, and fear, whereas practically
no advantage was observed for happiness, peacefulness, and spir-
ituality. Pairwise t tests comparing each listener’s in-group versus
out-group accuracy were conducted separately for each expression,
and these tests showed that the in-group advantage was statistically
significant for sadness (t86 � 4.03, p � .0001, d � .56), solemnity
(t86 � 3.34, p � .0012, d � .51), and anger (t86 � 2.01, p � .048,
d � .33), and marginally significant for longing (t86 � 1.98, p �
.051, d � .26). Looking at individual Listener Culture � Musical
Culture � Expression combinations, the largest differences be-
tween in-group and out-group accuracy occurred for Indian listen-
ers and angry, fearful, and sad music; Japanese listeners and
solemn music; and Swedish listeners and happy, humorous, long-
ing, and solemn music (see Table 2).

Binomial tests were conducted to test whether the proportion of
participants who chose the correct response alternative for each
target expression was higher than the proportion expected by
chance guessing. Using a traditional chance level based on the
number of response options (9.09%; 1 out of 11) these tests
showed that most expressions were recognized with accuracy
above chance from both familiar and unfamiliar music (see Table
2). The exceptions were solemnity, which was not recognized in
cross-cultural conditions, and spirituality, which was not recog-
nized above chance at all. There is much discussion regarding the

proper definition of chance, however, and some researchers have
argued that basing the chance level on the number of response
options is too lenient a criterion (e.g., Russell, 1994). We therefore
conducted additional binomial tests, wherein we conservatively set
the chance level at 20% (1 out of 5), given the four categories of
basic emotions: anger, fear, happiness, and sadness, as well as the
“nonbasic” affect category (which included the rest of our intended
expressions). This approach rests on the assumption that recogni-
tion rates could be inflated by guessing strategies reflecting vari-
ous similarities between expressions (see Frank & Stennett, 2001;
Hertenstein, Keltner, App, Bulleit, & Jaskolka, 2006; Simon-
Thomas, Keltner, Sauter, Sinicropi-Yao, & Abramson, 2009). Re-
sults from the more stringent binomial tests (chance level � 20%)
revealed that all expressions, again excluding spirituality, were
accurately judged in at least some conditions, which suggests that
a wide variety of emotions and related states can be communicated
through music. However, when looking specifically at cross-
cultural performance, the list of accurately recognized expressions
narrowed down to anger, fear, happiness, humor, peacefulness, and
sadness (see Table 2).

On the one hand, authors have pointed out that response biases
(i.e., biases in the relative utilization of different response alterna-
tives) may affect accuracy indices to the effect that an overuse of
a specific response alternative may lead to an overestimation of the
accuracy for this category (e.g., Wagner, 1993). On the other hand,
some confusions between response categories are meaningful, and
therefore the forced-choice procedure may also lead to an under-
estimation of the signal value of certain stimulus categories. The
most complete way to provide all relevant information about
biases and confusion patterns is therefore to reproduce the detailed
confusion matrices for all pairings of musical and listener cultures

Table 2
Mean Recognition Accuracy Rates and Familiarity Ratings As a Function of Intended Expression, Musical Culture, and
Listener Culture

Intended expression

Recognition accuracy (%)

Western classical music
Hindustani classical

music
Japanese traditional

music Swedish folk music
In-group

advantageInd Jap Swe Ind Jap Swe Ind Jap Swe Ind Jap Swe

Affection 23† 28� 24† 19 15 8 2 9 8 23† 20 19 3
Anger 51� 46� 57� 62� 47� 46� 26� 22† 21† 11 25† 28� 8
Fear 39� 40� 58� 40� 30� 10 32� 32� 57� 18 25† 30� 6
Happiness 41� 36� 32� 12 15 10 7 14 11 58� 54� 53� 1
Humor 42� 40� 57� 22† 30� 24† 14 16 13 39� 47� 57� 4
Longing 24† 7 23† 18 16 24† 11 15 24† 10 10 32� 6
Neutral 29� 31� 28� 22† 6 9 7 15 11 20† 22† 14 5
Peacefulness 24† 17 22† 18 14 28� 11 20 21† 16 21† 19 0
Sadness 42� 52� 31� 62� 15 23† 39� 22† 26� 13 28� 29� 14
Solemnity 12 17 29� 10 14 3 10 23† 13 7 10 26� 10
Spirituality 6 6 9 16 12 13 9 12 13 8 7 8 1
Overall accuracy 30 29 34 27 19 18 15 18 20 20 25 29 5

Familiarity 2.63 4.48 4.73 5.40 2.00 2.20 1.43 4.30 2.07 1.27 2.33 4.63 2.89

Note. N � 90 observations/cell for Indian and Swedish listeners, and N � 81 observations/cell for Japanese listeners. The in-group advantage was
calculated as the difference between in-group accuracy (i.e., when expressors and perceivers come from the same culture) and out-group accuracy (i.e., when
expressors and perceivers come from different cultures). Note that recognition rates for the control condition (Western classical music) were not included
in the calculation of the in-group advantage. Asterisks and daggers indicate the chance level of binomial tests conducted on the proportion of participants
who chose each expression for a given target expression.
� Chance level � 20%, p � .05
† Chance level � 9.09%, p � .05 (Bonferroni corrected).
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(e.g., Bänziger, Mortillaro, & Scherer, 2012), and these are pre-
sented in Table 3. Not surprisingly, confusions were most preva-
lent between the conceptually similar expression labels happiness
and humor. In addition, low arousal expressions (affection, long-
ing, peacefulness, and solemnity) were frequently confused with
each other and, especially, with sadness, although sadness expres-
sions were seldom confused with other expressions. In general,
listeners tended to make similar errors across cultures, as indicated
by positive correlations between error profiles. The error profiles
consist of the confusion matrices from Table 3 with the diagonal
entries removed (see Elfenbein, Mandal, Ambady, Harizuka, &
Kumar, 2002; Scherer et al., 2001), and the correlations of the
error profiles across combinations of musical and listener cultures
are shown in Table S1 of the online supplemental material. The
average correlation for error profiles calculated within each musi-
cal culture (mean Fisher z � 0.89) was higher than the average
correlation for error profiles calculated across musical cultures
(mean Fisher z � 0.45), and this difference suggests that cultural
differences in how musical expressions are performed may be
partially responsible for variations in error patterns.

Acoustic Correlates of Musical Affect Expressions: A
Lens Model Analysis

Next we investigated how acoustic and musical cues were
associated with the musicians’ intended expressions and the lis-
teners’ judgments. Drawing on the logic of Brunswik’s (1956) lens
model, we first calculated the point-biserial correlations between
the acoustic cues and the performers’ intended expression (dichot-
omously dummy coded as 1 or 0), that is, cue-validity correlations.
The cue-validity correlations provide a measure of the degree to
which various cues were related to the different expressions; a high
cue-validity correlation suggests that the musicians used a cue in a
consistent fashion to convey a specific expression. Second, we
calculated the correlations between the acoustic cues and the
listeners’ mean affect judgments—that is, cue-utilization correla-
tions. A high cue-utilization correlation suggests that decoders, on
average, used a cue in a consistent way to make inferences about
the conveyed expression. Table 4 presents cue-validity and cue-
utilization correlations for selected acoustic cues as a function of
expression across musical cultures and listener groups.

Inspection of Table 4 revealed that a wide variety of cues were
associated with both the performers expressive intentions (cue
validity) and the listeners’ judgments (cue utilization) across cul-
tures (see Table 1 for an explanation of cue abbreviations). Fo-
cusing on cues that are both valid and utilized, we observed that
anger was associated with high sound level (positive correlations
with RMS M and negative correlations with Low energy), whereas
affection and peacefulness were associated with low sound level
(negative correlation with RMS M). Regarding cues related to
rhythm, affection, neutral, and peacefulness were associated with
a slow (soft) attack (positive correlations with Attack time M),
whereas anger and fear were instead associated with a fast (per-
cussive) attack. Humor was associated with a fast tempo (positive
correlation with Tempo M). Anger, happiness, and humor were
further associated with a clear pulse (positive correlations with
Pulse clarity), and longing, peacefulness, and spirituality with a
more ambiguous pulse (negative correlations with Pulse clarity).
Peacefulness and sadness were also associated with low event

density (negative correlations with mean number of detected on-
sets per second), whereas anger and fear were associated with high
event density. The associations with timbre cues revealed that
anger—and, to some extent, happiness and humor—were associ-
ated with a rough timbre that contains much high-frequency en-
ergy (positive correlations with Spectral entropy, Roughness,
Spectral flux, and negative correlations with MFCC2), whereas
affection, longing, neutral, peacefulness, and sadness instead
showed an opposite pattern of correlations and thus were associ-
ated with a smoother, more organized, and less fluctuating spec-
trum. Regarding cues related to register, only solemnity showed
significant correlations and was associated with low pitch (nega-
tive correlation with Salient pitch M). The associations with tonal
cues revealed that happiness and humor were associated with
major mode (positive correlations with Mode) and sadness with
minor mode. In addition, affection and neutral were associated
with large changes in the harmonic content of the pieces (positive
correlations with HCDF), whereas anger was associated with small
harmonic changes. Finally, regarding structural cues, affection,
longing, neutral, and peacefulness were associated with high nov-
elty (positive correlations with novelty cues, i.e., structural fea-
tures picking up the amount of temporal originality), whereas
anger, happiness, and humor were instead associated with low
novelty. In other words, anger, happiness, and humor tended to
have more constant and stable feature characteristics across time
compared with affection, longing, neutral, and peacefulness, which
instead exhibited frequent and more substantial time-varying
changes.

A central tenet of the dialect theory of emotion is that any
in-group affect-recognition advantage should result from culture-
specific cue-validity patterns, unfamiliarity of which leads to
worse cue utilization across cultures than within cultures. We
therefore wished to investigate if matching between valid cues and
cue utilization was better for in-group music versus unfamiliar
music. First we calculated the cue-validity and cue-utilization
correlations for each expression and all pairings of musical and
listener cultures (the resulting correlation matrix is too large to be
reproduced in the main text of this article, but is shown in Table S2
of the online supplemental material). Inspection of Table S2 re-
vealed that the culture-specific cue correlation patterns were sim-
ilar to the “universal” correlation patterns shown in Table 4.
However, as expected, there were more mismatches between en-
coding and decoding in the culture-specific data. Focusing on the
Listener Culture � Musical Culture � Expression combinations
with the largest differences between in-group and out-group accu-
racy, we note that tonal and rhythmic novelty were valid and
utilized cues for expressing anger and fear, respectively, in Hin-
dustani classical music, but only for in-group conditions. Likewise,
event density was a valid and utilized cue for expressing sadness
in Japanese music for in-group, but not out-group, conditions.

In order to quantify the degree of match between musicians’ and
listeners’ uses of cues, we calculated the correlations between the
cue-validity and cue-utilization patterns, and these correlations are
shown in Table 5 as a function of intended expression, musical
culture, and listener culture (i.e., validity-utilization correlations).
These correlations were calculated across all musical/acoustic
cues, and a high validity-utilization correlation suggests a good
match between the musicians’ cue-validity patterns and the listen-
ers’ cue-utilization patterns. Across all expressions, the validity-
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Table 3
Confusion Matrices For All Pairings of Judge and Musical Cultures

Intended expression

Judgment Culture Affection Anger Fear Happiness Humor Longing Neutral Peacefulness Sadness Solemnity Spirituality

Western classical music
Affection Indian 23 3 0 16 6 12 7 4 9 18 14

Japanese 28 0 1 10 2 17 1 17 6 12 2
Swedish 24 0 1 2 0 17 4 16 11 11 6

Anger Indian 0 51 8 4 0 0 1 0 0 6 2
Japanese 1 46 20 5 0 5 1 1 0 5 0
Swedish 0 57 20 4 0 3 3 0 0 3 0

Fear Indian 1 8 39 2 1 9 16 12 1 7 3
Japanese 2 25 40 2 0 19 16 6 11 1 4
Swedish 1 26 58 12 0 17 22 3 3 3 0

Happiness Indian 1 11 3 41 49� 0 0 0 0 3 3
Japanese 0 0 0 36 48� 1 0 0 0 5 2
Swedish 3 1 0 32 37� 2 1 0 0 4 3

Humor Indian 0 19 6 24 42 3 7 0 0 1 0
Japanese 0 17 2 15 40 2 1 0 0 1 1
Swedish 0 10 1 30� 57 0 0 0 0 2 0

Longing Indian 9 2 9 2 1 24 6 6 10 10 12
Japanese 14 2 6 5 6 7 9 7 9 17 16
Swedish 16 3 8 2 3 23 10 8 21 13 17

Neutral Indian 10 3 26 6 0 10 29 19 8 13 13
Japanese 10 5 6 9 1 9 31 5 2 6 12
Swedish 6 0 6 8 3 8 28 16 2 8 10

Peacefulness Indian 18 0 1 0 0 6 9 24 8 14 16
Japanese 20 0 1 10 2 6 12 17 7 9 7
Swedish 19 0 0 0 0 7 13 22 13 9 13

Sadness Indian 20 0 4 0 0 26 16 20 42 8 19
Japanese 12 0 6 1 0 22 10 26 52 19 36�

Swedish 9 2 7 1 0 14 14 24 31 11 26
Solemnity Indian 11 2 3 3 1 6 4 10 17 12 11

Japanese 6 5 9 6 0 5 2 7 4 17 12
Swedish 16 1 0 7 0 2 1 4 8 29 17

Spirituality Indian 7 0 1 1 0 4 7 4 6 8 6
Japanese 6 0 9 1 0 6 16 12 9 7 6
Swedish 7 0 0 1 0 7 2 7 10 6 9

Hindustani classical music
Affection Indian 19 4 1 34� 23 8 16 7 4 7 27

Japanese 15 1 2 19 11 7 30� 7 5 2 12
Swedish 8 0 4 20 11 6 18 11 3 4 13

Anger Indian 0 62 3 0 0 1 0 1 0 1 0
Japanese 2 47 11 12 1 4 0 2 5 6 5
Swedish 0 46 6 1 0 0 1 0 1 0 3

Fear Indian 1 11 40 3 0 6 0 0 4 3 1
Japanese 7 22 30 7 0 11 4 7 15 22 11
Swedish 10 38� 10 10 2 8 2 4 6 18 12

Happiness Indian 0 12 0 12 39� 0 6 0 0 7 9
Japanese 1 2 0 15 35� 0 7 0 1 2 4
Swedish 4 3 0 10 34� 0 10 0 0 1 10

Humor Indian 0 0 0 0 22 0 3 0 0 0 0
Japanese 1 11 0 5 30 1 5 0 1 2 2
Swedish 1 9 0 7 24 0 0 0 0 1 2

Longing Indian 8 3 9 11 6 18 11 12 19 13 16
Japanese 6 7 5 6 7 16 10 4 12 9 16
Swedish 20 1 16 11 6 24 11 16 20 22 12

Neutral Indian 6 2 4 2 1 3 22 1 1 2 2
Japanese 15 5 6 6 2 12 6 11 10 6 7
Swedish 2 1 1 9 10 4 9 8 6 8 9

Peacefulness Indian 20 0 0 9 7 9 9 18 3 16 8
Japanese 17 0 1 16 10 5 17 14 9 4 14
Swedish 17 0 3 8 3 10 20 28 19 6 3

Sadness Indian 28� 2 33� 7 0 42� 9 37� 62 31� 18
Japanese 14 0 27 1 0 16 1 25 15 14 9
Swedish 18 1 50� 8 1 18 10 20 23 28� 12

(table continues)
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Table 3 (continued)

Intended expression

Judgment Culture Affection Anger Fear Happiness Humor Longing Neutral Peacefulness Sadness Solemnity Spirituality

Solemnity Indian 8 1 6 4 0 7 11 8 2 10 4
Japanese 11 2 10 5 0 6 12 15 10 14 7
Swedish 4 1 6 10 3 4 14 2 6 3 9

Spirituality Indian 11 1 3 17 2 7 13 17 3 10 16
Japanese 10 1 7 7 4 21 7 15 17 19 12
Swedish 16 0 4 7 4 26 4 11 17 9 13

Japanese traditional music
Affection Indian 2 7 1 8 11 4 1 6 4 7 2

Japanese 9 0 1 6 10 15 6 7 7 5 6
Swedish 8 3 2 3 9 7 7 10 2 8 4

Anger Indian 2 26 18 6 4 2 0 1 4 3 2
Japanese 0 22 6 1 23 0 1 0 1 5 6
Swedish 1 21 10 12 19 0 2 4 3 1 1

Fear Indian 2 14 32 16 12 13 13 7 20 12 14
Japanese 10 5 32 1 5 5 2 1 17 5 11
Swedish 1 11 57 10 10 3 3 1 16 8 3

Happiness Indian 0 10 11 7 8 2 0 4 2 1 0
Japanese 1 7 9 14 25 6 1 11 2 4 0
Swedish 0 8 4 11 14 2 2 3 3 1 0

Humor Indian 0 2 3 2 14 0 0 2 4 0 0
Japanese 1 11 10 26 16 2 1 7 9 1 0
Swedish 0 13 8 10 13 0 1 3 6 1 1

Longing Indian 12 13 8 14 10 11 22 13 9 7 10
Japanese 4 21 10 10 9 15 14 5 11 9 6
Swedish 18 7 3 9 8 24 14 17 24 12 14

Neutral Indian 12 10 6 17 12 7 7 21 6 12 13
Japanese 15 5 5 12 2 5 15 10 4 11 6
Swedish 16 8 1 7 9 7 11 4 1 12 13

Peacefulness Indian 4 0 0 2 3 4 3 11 3 12 9
Japanese 14 4 2 7 5 12 15 20 9 9 2
Swedish 13 1 0 1 1 4 7 21 11 12 16

Sadness Indian 48� 6 13 12 9 38� 26 12 39 17 33�

Japanese 23 0 17 5 2 19 14 14 22 16 31�

Swedish 31� 8 6 4 3 36� 32� 13 26 21 27
Solemnity Indian 9 8 4 7 8 11 11 8 4 10 7

Japanese 10 16 5 9 1 12 17 14 11 23 19
Swedish 6 18 8 18 8 9 8 16 3 13 7

Spirituality Indian 8 4 3 10 8 7 17 14 3 19 9
Japanese 14 9 2 9 1 9 14 11 6 12 12
Swedish 7 2 1 14 6 8 12 7 4 10 13

Swedish folk music
Affection Indian 23 10 12 3 8 22 8 17 17 11 11

Japanese 20 1 1 6 6 5 28� 15 1 11 9
Swedish 19 1 3 0 1 7 12 13 7 10 13

Anger Indian 1 11 9 1 1 2 0 1 4 3 1
Japanese 0 25 11 0 0 2 0 0 2 0 0
Swedish 0 28 4 1 1 1 0 0 4 2 1

Fear Indian 2 6 18 1 2 0 0 0 10 3 6
Japanese 2 10 25 0 0 7 0 1 16 6 9
Swedish 1 14 30 1 1 1 2 2 2 0 1

Happiness Indian 22 20 21 58 37� 6 6 8 3 31� 2
Japanese 20 9 7 54 28� 4 6 10 1 21 0
Swedish 23 17 21 53 36� 2 12 3 0 14 1

Humor Indian 6 16 19 23 39 2 2 0 2 7 4
Japanese 4 9 16 32� 47 1 1 2 0 9 0
Swedish 7 13 17 40� 57 3 2 0 1 14 0

Longing Indian 9 11 9 3 4 10 6 8 12 7 8
Japanese 5 16 10 2 5 10 6 12 7 6 16
Swedish 10 9 10 1 1 32 11 16 26 10 24

Neutral Indian 8 16 6 2 3 16 20 8 13 12 12
Japanese 7 5 7 0 1 10 22 12 7 4 5
Swedish 4 2 8 1 1 10 14 8 4 9 4

Peacefulness Indian 9 1 0 1 0 7 28� 16 7 9 12
Japanese 15 2 0 2 9 9 31� 21 6 19 7
Swedish 6 1 0 0 1 1 18 19 6 6 7
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utilization correlations were significantly higher in in-group con-
ditions (mean Fisher z � 1.00) than in out-group conditions (mean
Fisher z � 0.68, t10 � 3.63, p � .0046, d � .631), suggesting a
better match between encoding and decoding when musicians and
listeners share the same musical culture, as hypothesized.

Finally, we investigated the associations between (a) cultural
familiarity with a specific musical genre (i.e., the last row in Table
2), (b) mean affect recognition accuracy (i.e., the second last row
in Table 2), and (c) the degree of match between musicians’ and
listeners’ uses of cues (mean validity-utilization correlations; i.e.,
the last row in Table 5) across expressions (N � 12 for all
analyses). Familiarity was positively correlated with both recog-
nition accuracy (r � .66, p � .020) and the pattern of validity-
utilization correlations (r � .67, p � .018), suggesting that famil-
iarity facilitates recognition accuracy and knowledge about
culture-specific performance strategies. As expected, recognition
accuracy was also positively correlated with the validity-utilization
correlations (r � .91, p � .0001), suggesting that a good match
between musician and listener cue patterns enhances affect recog-
nition accuracy.

Discussion

To summarize the main findings, the results first showed that
significantly more listeners than would be expected by a stringent
chance threshold accurately identified a wide range of emotions
and related states from culturally familiar music. In addition to
replication of previous findings for affection, anger, fear, happi-
ness, neutral, sadness, and solemnity, our participants also per-
formed above chance for humor and longing. However, with the
exception of humor, basic emotions (anger, fear, happiness, and
sadness) were better recognized than the other “nonbasic” affec-
tive states. We also found that listeners were able to decode the
musicians’ intended expressions from culturally unfamiliar music
with accuracy above chance, which suggests that affect expression
may be a partly universal aspect of musical meaning. However,
only anger, fear, happiness, humor, peacefulness, and sadness were
recognized with accuracy above chance in cross-cultural condi-
tions. Importantly, listeners performed better when judging affect
from culturally familiar versus unfamiliar music. This is the first
demonstration of an in-group advantage in musical affect recog-
nition using a balanced design—and, in turn, suggests a culture-

specific component to expression of affect. We next proceeded to
investigate the mechanism that may give rise to the observed
in-group advantage, using a lens-model analysis to illustrate how
musicians express emotions and related states by varying acoustic
and musical cues, which are then utilized by listeners to judge the
expressed affect. Here we observed how a wide variety of cues
were correlated with both the musicians’ expressive intentions and
the listeners’ affect judgments. The acoustic correlates for basic
emotions were generally in accord with previous studies on music
and speech (Gabrielsson & Lindström, 2010; Juslin & Laukka,
2003), but we also reported data for many novel cues and “non-
basic” affective states. The cue correlation patterns were in general
similar across listener and musical cultures, but—in line with the
dialect theory of emotion (Elfenbein et al., 2007)—we also dem-
onstrated that musicians’ and listeners’ uses of cues were better
matched in within-cultural versus cross-cultural conditions.

The results overall supported our hypotheses, which were based
on the observed similarities between affective expression in speech
and music. Taken together, the dual findings of cross-cultural
invariance and relativity suggest that affective expression in music
may depend on a combination of universal and culture-specific
factors. In the following paragraphs, discussion will focus on the
questions about which emotions and related states, and which
musical features, may be part of the universal characteristics of
music.

Sources of Cultural Invariance and Relativity in
Musical Expression

Traditionally, findings of universality in facial or vocal ex-
pression are interpreted as evidence for the proposition that
emotions and their expressions are grounded in evolved, bio-
logically driven mechanisms (e.g., Ekman, 1992). We argue
that the universal component of musical affect expression also
may be grounded in evolved mechanisms, but assuming that
musical expressions are partly conveyed using a code originat-
ing from vocal expressions, the biological component probably
originates from vocal expression rather than from music itself.
Indeed, recent studies on the neural mechanisms involved in
emotion decoding from vocal (Leitman et al., 2010; Schirmer &
Kotz, 2006) and musical (Escoffier, Zhong, Schirmer, & Qiu, in

Table 3 (continued)

Intended expression

Judgment Culture Affection Anger Fear Happiness Humor Longing Neutral Peacefulness Sadness Solemnity Spirituality

Sadness Indian 4 2 3 0 0 19 4 18 13 7 26
Japanese 12 4 6 0 0 33� 2 21 28 10 42�

Swedish 9 1 2 1 0 21 3 22 29 6 33�

Solemnity Indian 11 4 3 7 3 8 14 16 13 7 10
Japanese 7 15 10 2 1 9 1 5 11 10 5
Swedish 18 12 3 1 1 16 19 16 16 26 7

Spirituality Indian 4 3 0 0 2 9 12 10 4 3 8
Japanese 7 5 6 0 2 10 1 0 19 5 7
Swedish 3 1 1 0 0 6 6 1 6 3 8

Note. N � 90 observations/cell for Indian and Swedish listeners, and N � 81 observations/cell for Japanese listeners. Bold typeface indicates the values
in the diagonal cells, which represent the hit rate (percentage accuracy) for which the expression portrayed is the same as the expression judged. Asterisks
indicate misattributions with frequency higher than chance guessing (binomial tests, chance level � 20%, p � .05).
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press) expressions suggest that partly overlapping temporofron-
tal circuits support emotion inference from both domains. Al-
though music and speech share many important attributes, there
are nevertheless some critical differences between the domains

(Zatorre & Baum, 2012). Notably, pitch variations in music are
mostly discrete (e.g., melodic intervals in melodies), whereas
pitch variations in speech are continuous, and, as a conse-
quence, music requires a more fine-grained representation of

Table 4
A Lens-Model Analysis of the Associations Between Selected Acoustic and Musical Cues and (A) the Musicians’ Intended Expression,
and (B) the Listeners’ Perceived Expression, Across Musical Cultures and Listener Groups

Cue Affection Anger Fear Happiness Humor Longing Neutral Peacefulness Sadness Solemnity Spirituality

RMS M
Validity �0.19� 0.58��� �0.04 0.15 �0.02 0.07 �0.12 �0.25�� �0.16 0.13 �0.16
Utilization �0.20� 0.51��� 0.06 0.17� 0.22� �0.05 �0.08 �0.44��� �0.37��� 0.01 �0.17

Low energy
Validity �0.02 �0.20� 0.02 �0.08 0.17� 0.03 �0.17 0.10 0.09 0.07 �0.02
Utilization 0.00 �0.19� �0.04 0.07 0.08 �0.05 �0.22� 0.06 0.12 �0.06 0.07

Attack time M
Validity 0.22� �0.38��� �0.31��� �0.15 �0.17 0.12 0.18� 0.18� 0.10 0.06 0.17
Utilization 0.26�� �0.45��� �0.39��� �0.31��� �0.37��� 0.36��� 0.24�� 0.47��� 0.42��� 0.31��� 0.44���

Tempo M
Validity �0.08 0.03 0.10 0.08 0.19� 0.03 �0.13 0.01 �0.06 �0.03 �0.15
Utilization �0.23�� 0.12 0.03 0.25�� 0.23�� �0.23�� �0.01 �0.25�� �0.10 �0.17 �0.15

Pulse clarity
Validity �0.11 0.47��� 0.07 0.18� 0.21� �0.23�� �0.04 �0.19� �0.05 �0.08 �0.24��

Utilization �0.27�� 0.46��� 0.18� 0.35��� 0.47��� �0.40��� �0.09 �0.38��� �0.47��� �0.29��� �0.43���

Event density
Validity �0.05 0.32��� 0.25�� 0.13 0.15 �0.05 �0.08 �0.20� �0.26�� �0.13 �0.08
Utilization �0.13 0.33��� 0.20� 0.27�� 0.34��� �0.21� �0.09 �0.39��� �0.40��� �0.20� �0.32���

Spectral entropy
Validity �0.04 0.44��� 0.12 0.11 0.22� �0.24�� �0.25�� �0.06 �0.17� 0.02 �0.15
Utilization �0.14 0.47��� 0.13 0.33��� 0.35��� �0.45��� �0.22� �0.27��� �0.48��� �0.11 �0.35���

Roughness
Validity �0.17 0.64��� �0.04 0.02 0.07 �0.07 �0.18� �0.19� �0.11 0.20� �0.17
Utilization �0.24�� 0.59��� 0.09 0.13 0.28��� �0.21� �0.18� �0.36��� �0.35��� 0.00 �0.27��

Spectral flux
Validity �0.20� 0.62��� 0.09 0.20� 0.14 �0.01 �0.22� �0.26�� �0.13 �0.01 �0.22�

Utilization �0.28��� 0.64��� 0.22� 0.31��� 0.41��� �0.24�� �0.22� �0.56��� �0.51��� �0.19� �0.38���

MFCC2
Validity 0.17� �0.21� �0.12 0.00 �0.22� �0.10 �0.03 0.10 0.05 0.21� 0.14
Utilization 0.19� �0.22� �0.22� �0.13 �0.28��� 0.07 0.01 0.38��� 0.19� 0.29��� 0.26��

Salient pitch M
Validity �0.10 �0.07 0.05 �0.02 0.07 0.09 0.03 �0.04 0.16 �0.22� 0.07
Utilization �0.08 0.03 0.20� �0.05 0.02 0.15 0.02 �0.17� 0.05 �0.26�� �0.12

Key clarity
Validity 0.00 �0.06 �0.13 0.08 0.06 �0.02 0.07 0.17 �0.16 0.06 �0.06
Utilization 0.12 �0.18� �0.37��� 0.31��� 0.18� �0.18� 0.04 0.15 �0.12 0.11 �0.05

Mode
Validity 0.08 �0.14 0.00 0.18� 0.35��� �0.10 0.15 �0.13 �0.19� �0.08 �0.12
Utilization 0.02 �0.07 �0.03 0.45��� 0.41��� �0.42��� �0.03 �0.12 �0.31��� �0.20� �0.31���

HCDF
Validity 0.23�� �0.24�� �0.06 �0.09 �0.13 0.08 0.23�� 0.08 �0.01 �0.15 0.05
Utilization 0.30��� �0.39��� �0.13 �0.17� �0.25�� 0.37��� 0.22� 0.24�� 0.18� 0.11 0.17�

Spectral novelty
Validity 0.20� �0.31��� 0.02 �0.20� �0.33��� 0.05 0.22� 0.24�� 0.06 0.02 0.03
Utilization 0.19� �0.33��� �0.04 �0.45��� �0.52��� 0.32��� 0.21� 0.41��� 0.45��� 0.20� 0.42���

Rhythm novelty
Validity 0.20� �0.31��� �0.04 �0.21� �0.29��� 0.01 0.25�� 0.21� 0.04 0.06 0.09
Utilization 0.18� �0.33��� �0.11 �0.43��� �0.49��� 0.29��� 0.23�� 0.43��� 0.43��� 0.21� 0.43���

Tonal novelty
Validity 0.19� �0.34��� 0.00 �0.21� �0.36��� 0.19� 0.17 0.15 0.14 0.00 0.07
Utilization 0.19� �0.36��� �0.01 �0.50��� �0.54��� 0.44��� 0.17� 0.36��� 0.52��� 0.17 0.39���

Register novelty
Validity 0.17 �0.38��� 0.00 �0.25�� �0.34��� 0.21� 0.19� 0.20� 0.11 0.03 0.07
Utilization 0.21� �0.39��� �0.04 �0.51��� �0.56��� 0.45��� 0.20� 0.39��� 0.52��� 0.23�� 0.43���

Note. N � 132. A significant cue-validity correlation (i.e., the correlation between a cue and the musicians’ intended expression) suggests that the cue
is used in a consistent fashion by the musicians to convey a certain expression. A significant cue-utilization correlation (i.e., the correlation between a cue
and the listeners’ mean recognition accuracy) suggests that the cue is used in a consistent fashion to make inferences about the conveyed expression. Bold
typeface indicates which cues were both valid and utilized for each expression. See Table 1 for an explanation of cue abbreviations.
� p � .05. �� p � .01. ��� p � .001.
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pitch than speech. In addition, although musical rhythm is often
periodic, speech rhythms are nonperiodic. Therefore, the hy-
pothesis that music expresses affect using a code derived from
vocal expression comes with the boundary condition that it does
not apply to cues that are unique to music (Juslin & Laukka,
2003). For example, musical cultures exhibit great variability
with regard to musical scales, including the number and tuning
of scale notes, and the melodic intervals that can be formed
based on the notes of the scale (e.g., Patel, 2008, pp. 16–22).
The affective connotations of such musical cues may be largely
shaped by cultural conventions over music’s history, and in-
volve implicit knowledge of a particular musical culture includ-
ing perception of musical structures and the development of
expectations for future musical events (Huron, 2006).

Universal communication of emotion further requires that the very
emotion labels that are to be communicated are transferable across
cultures (Mesquita & Frijda, 1992). Basic emotions are generally
considered largely invariant across cultures (Ekman, 1992), whereas
“nonbasic” affective states may show more cultural variability, both
regarding how they are conceptualized and expressed (e.g., Matsu-
moto & Hwang, 2012). Recent studies have further proposed that
knowledge of emotion words and concepts may provide an important
context in emotion perception, and that conceptual knowledge may
participate in the judgment of another person’s emotion (Gendron,
Lindquist, Barsalou, & Barrett, 2012). Applied to music, this would
imply that cultural differences regarding the affective categories that
are associated with expression in music may also be a source of
cultural relativity, and several examples of how the language used to
describe musical expression may differ between cultures have been
reported by anthropological music researchers (Becker, 2010; Ben-
amou, 2003).

Which Emotions and Related States Can Be
Universally Conveyed Through Music?

Focusing on recognition rates significantly higher than chance
using our stricter chance level criterion (20%), the most prudent

interpretation of the pattern of results suggests that decoding of
basic emotions was fairly robust from both familiar and unfamiliar
music, whereas above-chance recognition of “nonbasic” affective
states was more limited and only occurred for some listener groups
and/or for some (mostly familiar) musical cultures. These results
are in line with the proposition that the universal component of
musically expressed affect is largely a consequence of the univer-
sality of vocal expressions. Basic emotions are well recognized
across cultures from vocal expressions, and are also characterized
by relatively distinct patterns of cues that are similar for both
speech and music (Juslin & Laukka, 2003). In contrast, for some
“nonbasic” affective states, such as solemnity and longing,
there is currently no evidence that they can be expressed non-
verbally through the voice. If musical expression of “nonbasic”
affective states thus depends on the utilization of music- and
culture-specific cues, rather than on cues shared with vocaliza-
tions, this could help explain the difficulties of communicating
them across cultures. Humor also received fairly high cross-
cultural recognition rates, which may suggest that also some
“nonbasic” affective states can be robustly decoded from unfa-
miliar music. However, humor was frequently confused with
happiness, and it therefore remains a possibility that cross-
cultural recognition of humor may have resulted from both
conceptual and acoustic similarity with happiness. Spirituality
was not accurately recognized in any condition and may not be
recognizable from purely auditory information without appro-
priate contextual cues, such as information from the situation in
which “spiritual” music is usually encountered.

In addition, basic emotions are commonly associated with mu-
sical expression in both Western (e.g., Gabrielsson & Juslin, 2003)
and Eastern cultures (e.g., in the Indian rasa theory; see Balkwill
& Thompson, 1999), whereas there may be cultural variation with
regard to how applicable “nonbasic” affect labels—albeit impor-
tant in a Western musical context—are to music in other traditions
(e.g., Benamou, 2003). It should be noted that our list of expres-
sion labels was based on studies rooted in a Western musical

Table 5
Correlations (Pearson R) Between Patterns of Valid and Utilized Cues Are Shown As a Function of Intended Expression, Musical
Culture, and Listener Culture

Intended expression

Correlation between cue-validity and cue-utilization patterns

Western classical
music Hindustani classical music

Japanese traditional
music Swedish folk music

Ind Jap Swe Ind Jap Swe Ind Jap Swe Ind Jap Swe

Affection .68 .82 .84 .69 .39 .64 �.67 .27 .50 .07 .17 .16
Anger .99 .99 .99 1.00 .97 1.00 .82 .74 .87 .77 .92 .99
Fear .72 .88 .78 .88 .15 �.29 .84 .82 .93 .76 .50 .86
Happiness .91 .86 .86 �.18 �.08 �.10 .57 .61 .63 .95 .95 .93
Humor .86 .90 .93 .95 .85 .87 .86 .62 .64 .93 .92 .93
Longing .49 .13 .42 .51 .35 .68 .25 .31 .39 .37 .50 .68
Neutral .69 .90 .89 .88 �.38 .16 �.10 .86 .65 .77 .88 .93
Peacefulness .87 .80 .89 .87 .75 .90 .55 .49 .52 .83 .78 .91
Sadness .87 .80 .73 .61 .32 .34 .55 .58 .29 .52 .59 .58
Solemnity .49 .86 .81 �.04 �.08 �.38 .57 .81 .04 �.16 .49 .28
Spirituality .53 .55 .64 .36 .11 .09 �.08 .22 .09 .71 .18 .81
Mean correlation .81 .85 .85 .77 .44 .57 .46 .62 .58 .70 .72 .84

Note. N � 26. A high validity-utilization correlation suggests a good match between the listeners’ cue-utilization patterns and the musicians’ cue-validity
patterns. When calculating the mean correlations, the raw r values were transformed to Fisher z values before averaging, and the mean z values were then
transformed back to r values (for consistency with the rest of the table). Correlations r � .39, p � .05; r � .50, p � .01; r � .61, p � .001.
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context, and thus the included “nonbasic” affective states may
have been more applicable to Western than non-Western music.
This could help explain the finding that a wider palette of expres-
sions was recognized from Western classical and Swedish folk
music compared with Hindustani classical and Japanese traditional
music.

Finally, Brunswik’s (1956) concept of vicarious functioning
entails that performers and listeners may use many partially inter-
changeable cues in flexible ways, sometimes shifting from one cue
that is unavailable to another that is available (see Juslin, 2000).
Such a communication system allows for cultural specificity in
both encoding and decoding of musical affect expressions, but also
limits the complexity of the information that can be conveyed
(because each cue is partly redundant; see Juslin & Laukka, 2003).
Thus, cue redundancy could also be part of an explanation of the
observed pattern of results, where communication of expressions
beyond basic emotions was less robust.

Which Musical Features Are Universally Associated
With Affect?

Our study demonstrated the utility of using a lens-model anal-
ysis in cross-cultural research (Scherer et al., 2011), and illustrated
how a large selection of acoustic and musical cues were associated
with the musician’s intentions and the listener’s judgments for
different emotions and related states within and across musical
cultures (see Table 4 and Table S2). In general, it seems that the
included cues cannot easily be categorized as either universal or
culture specific. Cultural effects rather appear to be more subtle—
where each cue is neither completely universal nor completely
culture specific—and may manifest in cultural relativity in how a
particular cue is used to express a particular affective character.
This is consistent with the dialect theory of emotions (Elfenbein et
al., 2007), which suggests that the in-group advantage for emotion
decoding results from subtle “dialects” in the way that encoders
use various cues to express emotions.

Based on the similarities between music and speech, it might
be expected that cross-cultural cue utilization would be more
consistent for acoustic cues shared between music and speech,
compared with music-only features. However, we were not able
to find such a pattern in our results. This may be because
several cues reflect the shared contribution of the musician’s
performance strategies and the musical structure of the per-
formed piece, and thus the division of features into acoustic and
musical cues is in many cases not clear-cut. For example, a high
event density reflects both the tempo of the performance (a high
tempo is associated with a high event density) and the number
of tones per beat of the melody. Similarly, tonal cues and pulse
clarity are related to both musical structure (types of intervals,
chords, and periodic patterns) and expressive performance (pri-
marily by tempo and how individual musical events are empha-
sized by the performer). Some aspects of musical structure,
such as consonance and dissonance, and the major/minor dis-
tinction—which originate from basic perceptual and psycho-
physical processes— can also be expected to be largely univer-
sal (e.g., Fritz et al., 2009), and share affective connotations
with speech (Bowling et al., 2012). One way to sharpen the
distinction between universal and culture-specific cues could
therefore be to delve into the deeper semantic content of mu-

sical cultures. For example, culture-specific cues may be char-
acterized by recognizable chord patterns and melodic motives
associated with particular cultural meanings (e.g., solemnity
may be associated with the melody of a national anthem).

Limitations and Future Directions

The present study is also subject to some limitations that could
be addressed by future studies. In particular, the small number of
performers from each musical culture makes it hard to draw
conclusions about cultural differences in encoding. Future studies
should try to include a larger number of encoders from each
culture to be able to separate within- and cross-cultural sources of
variation in expressive styles. In addition, our results regarding cue
utilization are based on correlations, and future research using
systematic manipulation of cues (e.g., Bhatara, Tirovolas, Duan,
Levy, & Levitin, 2011) is needed to draw conclusions about causal
relations between culture-specific performance strategies and lis-
teners’ affective judgments across cultures. It would also be worth-
while to investigate additional musical cultures, using different
types of instruments and musical material, to increase generality.
Further comparative studies of expression in speech and music are
also warranted, for example, to determine the limits of the range of
emotions and related states that can be vocally (or musically)
expressed, and whether these expressions can correspondingly be
conveyed through music (or speech).

The recognition rates obtained in our study were rather low
compared with those reported in many previous studies on non-
verbal emotion expression, especially when compared with studies
on facial expressions. Several aspects of our design may have
contributed to this—for example, we did not use preselection of
stimuli (see Hall, Andrzejewski, Murphy, Mast, & Feinstein,
2008), and we also included many expression labels that we
expected from the outset would be difficult to convey musically,
including several “nonbasic” affective states. In particular, we
used an 11-alternative judgment task, whereas most previous stud-
ies used much fewer response options. The use of a large number
of conceptually close response options leads to a more cognitively
demanding task, with more room for disagreement, compared with
the use of only a few highly differentiated response options (Bän-
ziger et al., 2012). We observed especially low recognition rates
for Japanese traditional music—and it remains a possibility that
the failure to find an in-group advantage for Japanese music may
have been caused by floor effects introduced by the relative
difficulty of the Japanese stimuli compared with stimuli from other
cultures. It is thus possible that a wider range of emotions and
related states would have been recognizable across cultures had the
clarity of the stimuli been higher. Therefore, we would welcome
future studies that try both to increase the clarity of the musical
stimuli, and to systematically investigate how the in-group advan-
tage is affected by the difficulty and response format of the affect
recognition task. Another explanation for the low recognition rates
for Japanese traditional music could be that judges were especially
unfamiliar with this musical culture. Although Japanese listeners
reported being familiar with Japanese traditional music in general,
they may not have been acquainted with kokyu� music in particular
because this instrument is rarely encountered in Japan today
(Hughes, 2001).
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Researchers have further suggested that an in-group advantage
for emotion recognition may result from individuals being less
motivated to decode accurately facial expressions from members
of visibly different cultural groups (e.g., Kilbride & Yarczower,
1983). Because the cultural origin of the musical excerpts was
readily perceivable (e.g., from the tonal material and the instru-
ment timbre), there remains a possibility that motivational factors
may have influenced our results. Future studies could directly
address this issue by, for example, using systematic cue manipu-
lation to create standardized musical stimuli that use exactly the
same cue patterns to convey expressions in different musical
styles, thereby erasing cultural differences in expressive style
while preserving the cultural influence on musical structure. If an
in-group advantage can still be observed for such standardized
stimuli, then one could conclude that motivational factors may
play a role for cross-cultural affect recognition. Prior studies using
this technique with facial expressions have reported that the in-
group advantage does not result from motivational factors but from
cultural variability in expressive styles (see Elfenbein et al., 2007).

Musical performances are complex and difficult to measure, and
although we used state-of-the-art methods, the included cues can
only give a crude description of what is going on in the music. For
example, most cues were averaged over the duration of the whole
performance, whereas listeners’ judgments may have been influ-
enced by specific musical events that are not reflected in the
averaged measures. Future studies should therefore develop mea-
sures that better capture the temporal distribution of emotion-
relevant events in the musical signal. Studies would also benefit
from developing and including a larger selection of musical cues
(including fine-grained analyses of the musical structure) in order
to test the idea that such cues are more culturally variable. In
particular, development of novel musical cues should focus on
features appropriate for capturing aspects of non-Western musical
structures (e.g., Gedik & Bozkurt, 2010; Gómez & Herrera, 2008).

Limitations aside, the results suggest that listeners are sensitive
to the affective content of unfamiliar music, and, in this narrow
sense, music may be a “universal language of emotions.” How-
ever, like most languages, expressivity in music may also come in
different dialects, which hinder listeners’ understanding of unfa-
miliar music, as reflected in our findings of more accurate decod-
ing, and better matching between encoders’ and decoders’ uses of
cues, in in-group versus out-group conditions. The present study
thus contributes to the current strand of research that tries to
integrate evidence for both universality and cultural relativity in
emotion expression, and we hope that it may inspire further re-
search on how expressive aspects of music are transmitted within
and across cultures. Especially, the methods used in the present
study, including the use of a balanced design, and employing a
lens-model analysis to illustrate how encoders and decoders use
various cues to express and decode emotions and related states,
may profitably be used to study affective communication also in
other modalities such as facial, vocal, and bodily expression.
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