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A B S T R A C T

Music constitutes an integral part of everyday life. There is great variation in preference patterns for music.
However, the cause of such individual differences has not been fully elucidated to date. Many behavioral traits,
including personality, are known to be influenced by steroid-hormone testosterone. On this basis, we conjectured
that testosterone partly determines individual differences in music preference. To examine this hypothesis, in the
present study, we investigated the association between salivary testosterone concentration and strength of
preference for five different music types in young males and females. The results revealed a significant negative
correlation between salivary testosterone concentration and preference for sophisticated music, such as classical
and jazz in males. This relationship was not mediated by the big-five personality traits. These findings indicate
the possibility that neuroendocrinological function can exert influences on music preference patterns.

1. Introduction

People listen to music for various purposes, such as emotional reg-
ulation (Boer, Fischer, Tekman, et al., 2012; Garrido & Schubert, 2011;
Schäfer, 2016) and as an expression or “badge” of their own identity
(Mulder, Ter Bogt, Raaijmakers, et al., 2010; North, Hargreaves, &
O'Neill, 2000). Music appeals to people strongly due to its potency to
induce hedonic states in listeners, and has constituted an integral part
of human life throughout evolutionary history (Cross, 2001; Masataka,
2009; Perlovsky, 2012).

Many people like to listen to music, but great variation in music
preference patterns exist, i.e., the type of music they prefer. Although a
pioneering study on this topic by Cattell and Anderson (1953) measured
music preference as a proxy for unconscious personality traits, later
studies focused on individual differences in music preference itself and
determined that preference has many underlying factors. For example,
people with a bias towards empathizing cognitive style prefer mellow
music such as soft rock, while those with a bias towards systemizing
cognitive style prefer intense music such as heavy metal (Greenberg,
Baron-Cohen, Stillwell, Kosinski, & Rentfrow, 2015). Likewise, people
with high intelligence have reportedly been shown to have a strong
preference for classical music (Kanazawa & Perina, 2012). Many studies
have found an association between the big-five personality traits and
music preference patterns (Brown, 2012; Fricke & Herzberg, 2017;
Langmeyer, Guglhör-Rudan, & Tarnai, 2012; Rentfrow & Gosling, 2003;

Zweigenhaft, 2008; but see, Schäfer & Mehlhorn, 2017). For example,
people with high extraversion have been shown to have a preference for
pop music (Brown, 2012; Rawlings & Ciancarelli, 1997), while those
with high openness to experiences have been found to like wide genres
of music including jazz, classical and folk music (Brown, 2012;
Dollinger, 1993; Dunn, de Ruyter, & Bouwhuis, 2011; Langmeyer et al.,
2012).

Another line of studies has shown that steroid hormone testosterone
modulates neural function, thereby influencing many aspects of human
behaviors including personality (Alvergne, Jokela, Faurie, & Lummaa,
2010; Smeets-Janssen, Roelofs, Van Pelt, et al., 2015). On the basis of
these studies, it seems plausible to regard the secretion level of testos-
terone as partly determining individual differences in music preference
patterns either directly or indirectly through its influences on person-
ality traits (Alvergne et al., 2010; Smeets-Janssen et al., 2015).

The primary goal of the present study is to clarify the biological
basis of individual differences in music preference. To achieve this goal,
we investigated the relationship between music preference and testos-
terone. Many previous studies have indicated that testosterone func-
tions to drive people to seek dominance (Mazur & Booth, 1998, 2014).
A high dominance motive associated with high testosterone level is
shown to induce rebellion (Mazur & Booth, 1998) and challenge to
authority, e.g., rule violation (Dabbs, Carr, Frady, & Riad, 1995; Dabbs,
Jurkovic, & Frady, 1991). Several studies have revealed that people
exhibiting rebellious personality traits (Carpentier, Knobloch, &
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Zillmann, 2003) and problem behaviors (Mulder, Bogt, Raaijmakers, &
Vollebergh, 2007; Selfhout, Delsing, ter Bogt, & Meeus, 2008) show
strong preference for rebellious music such as hard rock and an aver-
sion to music genres such as jazz and classical (Mulder et al., 2010).
Furthermore, North et al. (2000) revealed that classical music is often
viewed negatively among the young generation as a sign of obedience
to authorities such as parents and teachers. These studies raised the
possibility that people with a high level of testosterone show increased
preference for intense music such as hard rock and heavy metal, versus
decreased preference for sophisticated music such as jazz and classical
music. However, to date, no empirical studies have tested the associa-
tion between testosterone level and preference patterns for music. Thus,
the present study fulfils this important knowledge gap by linking en-
docrinological predispositions and patterns of music preference, which
leads to understanding of individual differences in musical preference
from a biological perspective.

We investigated the relationship separately in males and females.
One reason for this approach is that several previous studies have found
a sex difference in patterns of music preference (Colley, 2008; Dunn
et al., 2011; Zweigenhaft, 2008). The trait level of testosterone was
quantified by measuring salivary concentration of testosterone, thus
reflecting the level of bio-available testosterone, i.e., free testosterone
or testosterone weakly binding to sex hormone-binding globulin
(Papacosta & Nassis, 2011).

Rentfrow, Goldberg, and Levitin (2011) measured preference for
music excerpts selected from varying music genres in contrast to other
existing studies that measured music preference by having participants
rate preference for music genre labels (for example, Brown, 2012;
Oshio, 2012). They extracted five orthogonal dimensions defining
variations in music preference pattern, i.e., Mellow, Contemporary
(Urban), Sophisticated, Intense and Unpretentious (Campestral)
(MUSIC; Rentfrow et al., 2011; Rentfrow, Goldberg, Stillwell, et al.,
2012). Importantly, each dimension of MUSIC spans multiple music
genres. For example, the sophisticated dimension includes music genres
such as classic, jazz and world music. The MUSIC structure in music
preference has been replicated in different sets of music excerpts and
different samples (Rentfrow et al., 2011, 2012). Later studies found that
preference for each dimension of MUSIC is associated with cognitive
style and the big-five personality traits (Greenberg et al., 2015). The
five-dimensional structure of MUSIC is relatively stable across one's
lifespan, although developmental change exists in regard to preference
strength for each dimension (Bonneville-Roussy, Rentfrow, Xu, &
Potter, 2013). In addition, each dimension of MUSIC is associated with
a different set of sound-related and psychological attributes (Greenberg
et al., 2015; Rentfrow et al., 2011, 2012).

In the present study, music preference was measured by having
participants rate their preference for music excerpts representing each
of the MUSIC dimensions. Use of actual musical excerpts rather than
genre labels avoids the problem of confounds of individual differences
in stereotypical associations with musical genre labels (Langmeyer
et al., 2012; Rentfrow et al., 2011).

2. Method

2.1. Participants

In total, 37 males and 39 females with normal or corrected-to-
normal visual acuity participated in the present study after giving
written informed consent. None reported a history of psychiatric con-
dition or was taking mediation at the time of participation.
Demographic information and musical experience together with parti-
cipants' salivary testosterone concentration are summarized in Table 1.
Females were significantly older than males, t (74) = 2.16, p = 0.03.
As expected, testosterone level was significantly higher in males than in
females, t (74) = 11.42, p < 0.001. Musical experience was coded as a
binary Figure (0–1). The instruments they learned included piano

(n = 32), other key instruments (n = 3), wind instruments (n= 7),
and stringed instruments (n = 3). Some participants had experience
with more than one kind of instrument. The distribution of musical
experience was compared between males and females by chi-squared
test, but no significant difference was revealed, χ2

(1) = 0.46.

2.2. Procedure

2.2.1. Music preference measurement
Music preference was measured by using customized software

running on a laptop computer. In each trial, a square picture window
subtending approximately 4.2 cm in height and 4.2 cm in width was
presented on the left side of the display with a vertical trackbar on the
right side. At the start of each trial, a countdown started by presenting
“3”, “2”, “1” in the picture window. After that, a musical note mark
appeared in the picture window and a musical excerpt was played from
a set of headphones. The musical excerpt continued for approximately
15 s. After the music stopped, a prompt stating “Please evaluate” was
presented in the picture window, and the trackbar was enabled. The
uppermost edge of the trackbar was labelled “Like Very Much”, while
the lowermost was labelled “Don't Like At All”. The participant's task
was to move the trackbar to the location where their feeling towards
the music excerpt was most appropriately reflected. The degree of
preference was measured according to 19 levels. After the evaluation
was completed, participants clicked a button below the trackbar to
register their evaluation and the experiment proceeded to the next trial.
A participant made evaluations for a total of 25 musical excerpts. These
excerpts were taken from those used in Study 3 of Rentfrow et al. (2011;
available online from http://daniellevitin.com/levitinlab/LabWebsite/
expsupport/MUSIC/Rentfrow_JPSP_Index.html).

2.2.2. Salivary testosterone concentration measurement
Saliva samples were collected between 12:00 and 14:00 h to miti-

gate the influences of circadian fluctuation (Dabbs, 1990) before be-
havioral measurement. Each saliva sample was collected into a poly-
styrene tube by passive drool and stored at −80 °C until assay. The
participants refrained from eating, drinking, smoking, tooth-brushing
and exercise for 1 h prior to the experiment. They also rinsed their
mouths with water approximately 15 min before sample collection.

After all participants had completed the experimental tasks, the
concentration of salivary testosterone in each sample was assayed by
enzyme immunoassay (EIA) using a commercially available kit
(Salimetrics Europe Ltd., Suffolk, UK). The sample was first centrifuged
and the aqueous layer was aliquoted for assay. The cumulative intra-
assay coefficient of variation, an index of stability of concentration
measurement, was< 5% in measurements in our laboratory.
Information about recovery and specificity of the kit can be found on-
line in the EIA kit manual.

2.2.3. Self-administered questionnaire
After completion of music preference measurement, participants

answered self-administered questionnaires. The questionnaires in-
cluded items about demographic information and musical experience.
We also asked the participants to answer an abbreviated version of the
Japanese big-five questionnaire (Namikawa et al., 2012) in 7 points.

Table 1
Age, salivary testosterone concentration and musical experience of participants. In the
parenthesis are the standard deviations. The numbers in musical experience row shows
the percentage of participants who had experience of learning at least one musical in-
struments.

Female Male

Age (yrs) 23.2 (5.9) 20.9 (2.4)
Testosterone (pg/ml) 54.5 (15.7) 162.5 (56.8)
Musical experience (%) 56.4 48.6
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2.3. Analysis

We calculated the preference for each of the five music types
(Mellow, Contemporary, Sophisticated, Intense, Unpretentious) by
averaging the preference evaluations to the representative music ex-
cerpts of each music type (DiStefano, Zhu, & Mîndrilă, 2009). The re-
presentative music excerpts were determined on the basis of factor
loadings reported in Study 3 of Rentfrow et al. (2011). An excerpt was
categorized as intense music if the excerpt loaded most highly on the
intense dimension. Representative music excerpts for other music types
were determined in the same manner. The number of music excerpts
used in the computation of preference for each music type was 7 for
sophisticated, 5 for intense, 6 for contemporary, 3 for mellow, and 4 for
unpretentious music type. Cronbach's ɑ was 0.79 for sophisticated, 0.81
for itense, 0.75 for contemporary, 0.61 for unpretentious and 0.54 for
mellow music type in the current sample.

3. Results

3.1. General sex difference

The mean and standard deviations of music preference and per-
sonality are summarized in Table 2. A significant sex difference in
participants' age was observed. Becaue several previous studies have
shown developmental change in music preference (Bonneville-Roussy
et al., 2013; Delsing, Ter Bogt, Engels, & Meeus, 2008), analysis of
covariance with age as the covariate was conducted to determine if any
sex difference was evident in preference for each music type or in
personality. The main effect of Sex approached, but failed to reach,
significance in preferences for intense, F (1, 73) = 3.24, p = 0.076, and
unpretentious music, F (1, 73) = 3.17, p = 0.079. For personality, a
significant effect was found for Sex in agreeableness, F (1, 73) = 4.61,
p = 0.035. No other effects reached or approached significance,
ps > 0.10.

3.2. Correlation between testosterone, personality and music preference

Preference for each music type and personality were regressed
against testosterone in males and females separately. The correlational
coefficients are summarized in Table 3.

In the analysis of correlation between music preference and tes-
tosterone, the significance threshold was set to p = 0.01 (0.05/5) by
Bonferroni's procedure because there are five music types in total. The
analysis revealed a significant negative correlation between testos-
terone and preference for sophisticated music in males, r (35)
= −0.43, p = 0.008, but not in females, r (37) =−0.13, p > 0.10.
The scatterplots between testosterone and preference for sophisticated
music are shown for males and females separately in Fig. 1. No other

significant correlations were observed, r2s < .075, ps > 0.09.
In the analysis of correlation between testosterone and personality,

the significance level was set to p= 0.01 (0.05/5) because there are
five personality dimensions. The analysis revealed significant positive
correlations between salivary testosterone concentration and extraver-
sion, r (35) = 0.43, p= 0.008, openness, r (35) = 0.49, p= 0.002,
and agreeableness, r (35) = 0.41, p= 0.012, in males.

3.3. Mediation analysis

To determine whether or not a direct link exists between testos-
terone concentration and preference for sophisticated music in males,
we conducted a series of mediation analyses (James & Brett, 1984). We
tested the indirect effects of three personality dimensions, i.e., extra-
version, openness and agreeableness, because these dimensions showed
significant correlations with testosterone. The results are schematically
shown in Fig. 2. This figure shows that all the indirect effects failed to
reach significance, ps > 0.20.

3.4. Factor analysis

The analysis above revealed an association between testosterone
concentration and preference for sophisticated music. However, the
factor structure of music preference in a Japanese sample is unknown
although dimensions resembling MUSIC such as sophisticated dimen-
sion have been observed cross-culturally (Rentfrow et al., 2012). Thus,
we carried out explanatory factor analysis to check the robustness of
our main finding, i.e., negative correlation between testosterone

Table 2
Mean and standard deviation of music preference and big-five personality. The standard deviations are in the parenthesis.

Preference for music type

Sophisticated Intense Contemporary Mellow Unpretentious

Female 10.6 (3.1) 9.6# (3.1) 10.6 (3.2) 13.2 (2.8) 12.3# (3.1)
Male 10.2 (2.9) 11.0 (3.7) 9.5 (3.1) 12.9 (3.0) 13.4 (2.3)

Personality

Extraversion Conscientiousness Neuroticism Openness Agreeableness

Female 21.4 (8.6) 25.4 (7.6) 23.4 (8.5) 21.1 (8.9) 9.1⁎ (3.0)
Male 21.9 (6.1) 27.5 (7.3) 23.5 (6.2) 23.2 (6.0) 10.5 (3.1)

⁎ p < 0.05.
# p < 0.10, but> 0.05 in group comparison by two-tailed t-test.

Table 3
Correlation coefficients between salivary testosterone concentration, music preference
and personality.

Female Male

Preference for music type

Sophisticated −0.13 −0.43⁎

Intense 0.04 −0.27
Contemporary 0.09 −0.16
Mellow −0.11 0.26
Unpretentious −0.04 0.14

Personality

Extroversion 0.24 0.43⁎

Conscientiousness −0.14 0.09
Neuroticism 0.03 −0.09
Openness 0.27 0.49⁎

Agreeableness 0.09 0.41⁎

⁎ p < 0.05.
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concentration and preference for sophisticated music. The raw data of
preference evaluations from 76 participants were entered into max-
imum likelihood factor analysis with varimax rotation to extract five
principal factors. Six of seven music excerpts of the sophisticated music
type loaded most highly on a factor that accounted for 11% of variance.
The factor loadings of this factor correlated significantly, r (23) = 0.81,
p < 0.0001, with those reported in the sophisticated dimension (the
first factor) in the original study (Study 3 in Rentfrow et al., 2011).
Thus, we determined that this factor corresponds to the sophisticated
dimension in our dataset. The factor scores of this factor obtained by
regression method were regressed against testosterone level. This ana-
lysis revealed a significantly negative correlation between factor score
and testosterone concentration, r (35) =−0.396, p = 0.015 in males,
but not in females, r (37) = −0.20, p= 0.22.

Among the seven musical excerpts that loaded most highly on the
sophisticated music dimension in Study 3 of Rentfrow et al. (2011),
only one excerpt, ‘Sonata A Major’ by Bruce Smith, did not show the
highest factor loading in the sophisticated dimension in the present
study. Thus, the averaged preference for sophisticated music type was
re-computed from six excerpts excluding “Sonata A Major” and re-
gressed against salivary testosterone concentration. Cronbach's ɑ for the
re-computed preference score was 0.81. This analysis revealed sig-
nificantly negative correlation in males, r (35) = −0.47, p = 0.003,
but not in females, r (37) = −0.17, p= 0.30.

4. Discussion

The present study investigated the association between salivary
testosterone concentration and preference pattern for music in males
and females. The main finding was a significant negative correlation
between testosterone level and a preference for sophisticated music
including classical, jazz and avant-garde music (Rentfrow et al., 2011)

in males. The results of mediation analysis indicated that this re-
lationship was not mediated by big-five personality traits. To the best of
our knowledge, this is the first demonstration of the link between
biological predisposition and music preference.

People with high testosterone level, especially males, are well es-
tablished as exhibiting high dominance motivation (Mazur & Booth,
1998, 2014; van Honk, Bos, & Terburg, 2014) and antisocial or re-
bellious behavior (Yildirim & Derksen, 2012), such as rule violation
(Dabbs et al., 1991; Dabbs et al., 1995). As noted above, the young
generation tended to think that the purpose of listening to classical
music is to please authoritative figures (North et al., 2000), which is in
sheer contrast to rebellious attitude. Likewise, Mulder et al. (2010)
have shown negative linkage between preference for sophisticated
music and antisocial behavior of substance use in adolescents. The
present finding of a negative association between salivary testosterone
concentration and preference for sophisticated music nicely dovetails
with these literature. One might consider that application of the MUSIC
model obtained in Western culture (Bonneville-Roussy et al., 2013;
Fricke & Herzberg, 2017; Rentfrow et al., 2011; Rentfrow et al., 2012;
Rentfrow & Gosling, 2003) is inappropriate for the present samples.
However, our factor analysis succeeded in extracting a factor whose
distribution of factor loadings is similar to the sophisticated dimension
in Rentfrow et al. (2011) despite the relatively small sample size. Fur-
ther, the factor scores of this factor also showed negative correlation
with testosterone level.

Interestingly, the negative association between testosterone and
preference for sophisticated music was not mediated by any of the big-
five personality dimensions, which seems counterintuitive from the
perspective of previous studies showing linkage between personality
traits and music preference (Brown, 2012; Fricke & Herzberg, 2017;
Langmeyer et al., 2012; Rentfrow & Gosling, 2003; Zweigenhaft, 2008;
but see, Schäfer & Mehlhorn, 2017). One reason for this is that the big-

Fig. 1. Scatterplot between preference strength to sophis-
ticated music and salivary testosterone concentration in
females (left) and males (right).

Fig. 2. Schematic diagram showing the results of
mediation analyses. *p < 0.05, **p < 0.01.
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five personality questionnaire does not specifically measure psycholo-
gical traits as dominance motive, defiance, rebelliousness, anti-social
tendencies or psychological femininity-masculinity (Wel, Maarsingh,
Bogt, & Raaijmakers, 2008). Several studies have raised the possibility
that testosterone exerts more prominent influences on implicit than
explicit aspects of behavioral and psychological traits (Schultheiss,
2013; Stanton & Schultheiss, 2009). Thus, it seems to be a fruitful ap-
proach to include both explicit and implicit measures of various psy-
chological traits to further determine the nature of the relationship
between testosterone and music preference.

Interestingly, the association between testosterone level and music
preference was observed only in males. Several previous studies have
shown a sex-specific effect of testosterone on a wide range of cognitive
and perceptual functions, such as career choice (Sapienza, Zingales, &
Maestripieri, 2009), economic decision-making (Doi, Nishitani, &
Shinohara, 2015), spatial cognition (Gouchie & Kimura, 1991; Moffat &
Hampson, 1996) and fluid intelligence (Tan & Tan, 1998). Of particular
relevance to the present study, Yildirim and Derksen (2012) noted a
more prominent relationship between free testosterone level and anti-
social behavior in males than in females. Thus, non-linearity in influ-
ences of testosterone seems to be a general phenomenon rather than an
exception. At the same time, some uninteresting explanations for the
observed sex-difference exist. First, the failure to find a correlation
between testosterone and preference for sophisticated music in females
might be due to the higher age range of the female samples. However,
we do not think that this explanation applies to the present data be-
cause the group difference in the average age was only 2.3 years, which
is too minute to induce drastic change in endocrinological modulation
of neural function after puberty. Second, we did not strictly control the
menstrual cycle phase of the female participants. Thus, the fluctuation
of other hormones and psychophysiological changes accompanying it
might have conspired to mask any associations between testosterone
level and music preference.

One important limitation of the present study is that we recruited
only Japanese university or vocational school students with a relatively
homogenous cultural background. This might explain several aspects of
the present results that contradict previous findings obtained in other
countries. For example, several studies have found a negative associa-
tion between androgen exposure and agreeableness (Fink, Manning, &
Neave, 2004; Luxen & Buunk, 2005) in contrast to the present results.
Thus, the influence of testosterone on personality and music preference
should be tested and validated under various other cultural and social
environments.
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