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Neural correlates of aesthetic pleasure have been 
the subject of recent studies (Blood & Zatorre, 2001; 
Blood, Zatorre, Bermudez, & Evans, 1999; Brown, Mar-
tinez, & Parsons, 2004; Jacobsen, Schubotz, Höfel, & 
von Cramon, 2006; Kawabata & Zeki, 2004; O’Doherty
et al., 2003). Across the sensory modalities (e.g., music, 
visual art, an attractive face), brain activity correlated with 
pperceived pleasure has been observed in several distinct
areas, including the paralimbic and neocortical regions
(Blood & Zatorre, 2001; Blood et al., 1999; Brown et al.,
2004; Kawabata & Zeki, 2004; Menon & Levitin, 2005;
O’Doherty et al., 2003). Highly pleasurable objects in-
creased and decreased brain activity in regions responsible 
for motivation, emotion, and arousal, including the ventral 
striatum, midbrain, amygdala, orbitofrontal cortex, and 
ventral medial prefrontal cortex. These results indicate 
that aesthetic pleasure activates the brain circuitry that is
involved in emotion and reward. However, it is unclear 
whether different affective qualities and the perceptions 
of beauty that they evoke correspond to specific areas of 
bbrain activation.

Affective qualities refer to the various emotions and 
p p y p yconcepts represented by art that deeply touches our hearts.

Some types of art conceptualize negative affective feelings
such as sadness, heart-wrenching sorrow, or fear, whereas

 other types represent the positive aspects of human life,
dsuch as happiness, love, and hope. In music, minor and 

major keys—the main musical components—are closely
related to whether negative or positive affective feelings 
are being expressed in musical pieces.

In music, a key is related to the subset of pitches se-
lected in a given musical segment; minor keys are associ-

d ated with a sad sound, whereas major keys are associated
with a happy sound (see Crowder, 1984, for a review). 
Much of Western music can be divided into major and 
minor keys, both of which evoke considerable aesthetic 
pleasure even though their affective qualities are quite dif-
ferent (Crowder, 1984; Gagnon & Peretz, 2003; Hevner, 
1935). However, little is known about the brain activity
responsible for the experience of these musical keys.

f In this study, we investigated the neural correlates of
the perception of the beauty of major and minor keys by 
using [15O]H2  O positron emission tomography (PET).

yWe used musical chords as stimuli in order to clearly
define a major or minor key through the use of conso-
nance (perceived as beautiful) and dissonance (perceived nance (perceived as beautiful) and dissonance (perceived 
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the basis of previous research that investigated the affective quali-
ties of musical keys. Since the ratings for the three scales had high 
correlation coefficients (ranging from .95 to .98), we averaged all
of the participants’ (N 45) scores for the three scales and con-
ducted a two-way ANOVA on the data, with major versus minor 
and consonance versus dissonance as within-subjects factors. The
results revealed significant main effects and interactions. Major 
consonant chords received the highest scores, which indicated very 
happy, bright, and hopeful feelings. In contrast, the minor chords in
both the consonant and the dissonant versions received low scores, 
with no significant differences between them. Although the rating 
scores for the major dissonant chords were higher than those for the
minor dissonant, there was a strong significant difference between 
the scores for the major consonant chords and those for the major 
dissonant chords.

We conducted a second screening with the 13 PET experiment 
participants in order to select each participant’s five beautiful major, 
five beautiful minor, five ugly major, and five ugly minor chord se-
quences from the 32 subsets of consonant and dissonant sequences. 
None of the participants selected consonant chords as ugly or dis-
sonant chords as beautiful. We assigned the selected sequences to
the major consonant, major dissonant, minor consonant, and minor 
dissonant conditions for each participant in the PET experiment. 
Under each condition, the sequence perceived as the most beautiful
or ugliest was played first, followed by the other four sequences 
played in an order determined by the proximity of their key to that 
of the initially played sequence. Finally, the initial sequence (most 
beautiful or ugliest) was replayed. We played these sequences with 
an intersequence interval of 3 sec, resulting in a total listening dura-
tion of 90 sec under each condition. We started playing the music 
before starting the scans so that the participants would have begun
experiencing emotions when the scan started.

Image Acquisition and Procedure
We obtained a 3-D PET using a SET2400W scanner (Shimadzu, 

Kyoto) in accordance with previously described methods (Okamura
et al., 2000). We scanned the participants for 70 sec after an in-
travenous administration of approximately 5 mCi (185 MBq) of 
[15O]H2O through an antecubital vein. A total of 10 scans was con-
ducted; the first and last were done while the participants rested. 
During the remaining eight scans, the participants lay on their backs 
and were instructed to close their eyes and listen as the chord se-
quences corresponding to each of the four conditions were presented 
in a counterbalanced order. After each scan, we asked the partici-
pants to rate the beauty of the chord sequence on a 7-point scale
(from 1 most ugly to 7 most beautiful).

Statistical Analysis of PET Images
We used SPM2 software for image realignment, normalization,

and smoothing, and to create statistical maps of significant rCBF 
changes (Friston et al., 1994). Using nonlinear transformation, all of 
the CBF images were stereotactically normalized into the standard 
space of Talairach and Tournoux (1988). The normalized images 
were smoothed using a 12  12  12 mm Gaussian filter. The rCBF
values, adjusted by the analysis of covariance, were expressed as 
ml dl 1 min 1, and were scaled to a mean of 50. The t statisticst
were computed for each voxel in order to draw a comparison among
the four experimental conditions and the resting condition. To ana-
lyze these comparisons, the threshold for significant voxels was set
at p .001, uncorrected for multiple comparisons.

In this analysis, we hypothesized that the brain areas engaged in 
music listening would be the auditory cortices and the limbic and 
paralimbic regions, since a significant activation of these regions has 
been reported in previous PET and fMRI studies on music-listening 
tasks. At the cluster level, the threshold was set at a corrected p .05
for all subtraction analyses in order to reduce accidental findings due 
to Type I errors. Pearson’s simple correlation methods were used to
assess the correlations of the voxel value and subjective rating scores; 
the threshold of significance was set at p .05.

as ugly), thus enabling the simple manipulation of the
music’s aesthetic quality. We used chord sequences in
normal or variant progression patterns. We obtained PET
scans of 13 male participants as they listened to four types
of music—beautiful, major-key consonant (B–majC)
chords; beautiful, minor-key consonant (B–minC)
chords; ugly, major-key dissonant (U–majD) chords; and 
ugly, minor-key dissonant (U–minD) chords. Subtraction
analyses were used to examine the participants’ regional
cerebral blood flow (rCBF) as they listened to each of the 
four types. In addition, the participants rated the beauty of 
the music on a scale of 1 (most beautiful) to 7 (most ugly).
We also performed regression analyses of the subjective 
rating scores and the rCBF to investigate the relationships
between them.

We conducted this study with the expectation that com-
paring the rCBF changes elicited by the beautiful con-
sonant chords with those elicited by the ugly dissonant
chords would reveal activation of the reward-related neu-
ral system, since such chords produce a pleasant or an un-
pleasant affective feeling. The most important aim of this 
study was to compare the rCBF changes elicited by listen-
ing to B–majC chords with those elicited by listening to 
B–minC chords. Such a comparison should elucidate the
specific brain areas—beyond the general reward-related 
system—responsible for the appreciation of the major and 
minor musical keys.

METHOD

Participants
The participants comprised 13 healthy male students (20–26 years

old) from Tohoku University—10 right-handed, 2 left-handed, and 
1 ambidextrous. All of the participants had normal hearing capacity 
and no history of neurological or psychiatric disease. They had an 
average of 3.3 years of musical experience (including piano lessons), 
and 1 participant self-reported that he possessed perfect pitch. The 
study protocol was approved by the Clinical Research and Ethics
Committee of Tohoku University. All of the participants provided 
written informed consent to participate in the study.

Stimuli
We composed a total of 96 chord sequences—48 major-key con-

sonant and dissonant chords and 48 minor-key consonant and dis-
sonant chords. The dissonant sequences were created by raising the
top tones of all of the chords in each sequence by a semitone. The 
pitch range extended from E3 to A5. In each sequence, we presented 
eight chords in succession at the rate of one chord every 1.5 sec, 
for a total duration of 12 sec. Each chord consisted of four tones 
played simultaneously on a computer that simulated the sound of 
a real piano with natural tone decay. For each of the major- and 
minor-chord sequences, the normal and variant progression patterns 
were specified. We duplicated each progression pattern, and each
duplicate pattern included different inversion patterns to constitute 
the eight-chord sequence.

We conducted an initial screening with 139 listeners to select the 
major and minor subsets of sequences that scored highest in beauty 
and ugliness ratings.This screening yielded a subset of 32 sequences 
that comprised 8 major consonant, 8 major dissonant, 8 minor con-
sonant, and 8 minor dissonant sequences.

We conducted an additional pilot study to investigate the affec-
tive qualities of these 32 chord sequences. Another group of 45
participants rated the 32 sequences on three 7-point scales (sad to d
happy, dark to k bright, depressive to hopeful) that were selected on 
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tion, the major chords generally received a higher rating
than did the minor chords ( p  .001). The average rating
score for the beautiful major consonant chords was higher 
than that for the beautiful minor consonant chords ( p
.001), whereas no significant difference was found be-
tween the mean ratings for the ugly major and minor dis-
sonant chords. These results indicate that during the PET
scans, the participants judged the beauty of the chords in
a reliable and appropriate manner, as expected from the
preliminary experimental manipulations.

Imaging Results
Differences between the music-listening and rest

conditions. Initially, the rCBF images under the five con-
ditions (B–majC, U–majD, B–minC, U–minD, and rest-
ing) were compared statistically to confirm the brain re-
gions involved in the task of listening to musical chords. 
In comparison with the resting state, several regions of the 
temporal and frontal areas were found to be significantly
activated during the four listening conditions, including
the bilateral middle frontal gyrus and bilateral superior 
temporal gyrus (30, 40, 2, z 5.50, p .001; 40, 42,

2, z  4.35, p .001; 46, 2, 16, z 4.20, p .001; 
and 10, 24, 50, z 3.84, p .001, respectively).

Differences between beautiful music and ugly 
music. We conducted subtraction analyses to identify the 
brain areas that responded specifically to beautiful conso-
nant music and those that responded specifically to ugly
dissonant music. The coordinates and z scores of the subz -
traction analyses are given in Table 1 ( p .001, uncor-
rected). Listening to beautiful consonant chords induced 
significant activities in the dorsomedial midbrain ( 10,

28, 14; z  3.97), whereas listening to ugly dissonant 
chords evoked significant activations of the right inferior 
parietal lobule (IPL) (57, 32, 53; z 3.56), left insula 
( 46, 15, 3; z  3.30), and left frontal subgyral ( 26, 
20, 26; z 3.30) (Table 1). Moreover, the rCBF of these 
brain regions was significantly correlated with the subjec-
tive rating scores. The rCBF of the dorsomedial midbrain 
activated by the beautiful consonant chords, compared with
that activated by the ugly dissonant ones, was positively
correlated with the subjective rating scores ( p  .05). On 
the other hand, comparing the activations caused by the
ugly dissonant chords with those caused by the beautiful 
consonant ones yielded significantly negative correlations

RESRR ULTSLL

Behavioral Results
In the preliminary experiment, each participant selected 

his five beautiful and five ugly chords from among the 32 
consonant and dissonant chords. To confirm that the par-
ticipants experienced the beauty or ugliness of the chords
as they listened to them during the PET scan, a two-way
ANOVA (beautiful consonance vs. ugly dissonance 
major vs. minor) was performed for the subjective rat-
ing scores. The results revealed that the average rating
score for the beautiful consonant chords was significantly 
higher than that for the ugly dissonant chords, regardless
of the key (major or minor) ( p  .001; Figure 1). In addi-

Figure 1. Mean rating scores of musical chord stimuli in each 
of the four conditions, based on the behavioral results obtained
after each PET scan. Error bars represent the standard errors of 
the means for the relative conditions. B–majC, beautiful, major-
key consonant condition; B–minC, beautiful, minor-key conso-
nant condition; U–majD, ugly, major-key dissonant condition;
U–minD, ugly, minor-key dissonant condition.UU
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Table 1
Coordinates and z Scores for the Brain Regions in Subtraction Analyses in Threez

Conditions: Beautiful Consonance Versus Ugly Dissonance, Ugly Dissonance Versus
Beautiful Consonance, and Minor Key Versus Major Key

Talairach Coordinates

Condition and Region Hemisphere z Scorez x y z

Beautiful consonance vs. ugly dissonance
Dorsomedial midbrain Left 3.97 10 28 14

Ugly dissonance vs. beautiful consonance
Inferior parietal lobule Right 3.56 57 32 53
Insula Left 3.30 46 15 3
Frontal subgyral Left 3.30 26 20 16

Minor key vs. major key
Parahippocampus Left 3.45 24 35 3
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44, 21; z  3.43) also displayed stronger significant 
activations during the B–minC condition than during the 
B–majC condition (see Table 3 and Figure 2).

To formally test the relationships between cortical ac-
tivities and subjective beauty, we performed regression
analyses that compared the participants’ subjective rating 
scores with the rCBF they experienced while listening to 
musical chords. For the B–majC and U–majD conditions,
we found significant positive correlations between the 
subjective ratings and cortical activities in the left MTG 
(  .315, p .05) and the right fusiform gyrus (
.383, p .005). On the other hand, for the B–minC and 
U–minD conditions, there were positive correlations be-
tween the subjective scores and the cortical activities in 
the left dorsomedial midbrain (  .468, p .0001), left
rectal gyrus ( .445, p .001), right inferior frontal 
lobule ( .369, p .007), left cingulate gyrus (
.388, p .005), and left anterior cingulate gyrus (
.387, p .005).

DISCUSSION

This study has revealed the cortical regions that are re-
sponsible for the affective processing involved in listen-
ing to musical chords. We found that beautiful consonant
chords, regardless of their key, strongly activated the dor-
somedial midbrain region, including the substantia nigra.
This result is indeed consistent with results from previ-
ous research investigating musical pleasantness (Blood 
& Zatorre, 2001; Blood et al., 1999; Menon & Levitin, 
2005), which suggested that the reward system is related 
to the experience of musical pleasure. The dopamine neu-
rons located in the substantia nigra pars compacta and 
the ventral tegmental area project mainly to the striatum, 
ventral striatum, and frontal cortex, which are reported to
construct a reward circuit (Schultz, 1999). Although it is
difficult to identify the substantia nigra pars compacta as 
the activation foci because of the limitation of the PET 
spatial resolution, our results suggest the possibility that

between the rating scores and rCBF in the IPL/left insula 
( p  .05).

Differences between major-chord music and minor-
chord music. We also conducted subtraction analyses to
investigate the specific regions corresponding to major 
and minor musical chords. The coordinates and z scores of z
the analyses are given in Table 1 ( p  .001, uncorrected). 
Subtraction of the signal evoked by minor chords from that 
elicited by major chords showed no significant activation; 
however, the inverse subtraction showed activation of the
left parahippocampal gyrus ( 24, 35, 3; z  3.45). 
The activated areas revealed by subtraction analyses under 
the major- and minor-chord conditions included the brain 
regions activated by both the dissonant and the consonant 
chords. To create the dissonant chords, we raised the top
tones of the original chords by a semitone; as a result, the 
original chord may have been unclear. Our pilot data sup-
port this conclusion. The subjective rating scores for the
affective qualities of beautiful major consonant chords dif-ff
fered considerably from those for the affective qualities for 
minor chords; however, we did not find much difference
between the scores for the ugly major and minor dissonant 
chords (see Method). Therefore, in our analysis of the rep-
resentation of major and minor keys, we focused on the 
areas that were activated by listening to the B–majC chords
and those activated by listening to the B–minC chords.

Differences between B–majC music and B–minC 
music. A subtraction analysis comparing the effects induced 
by the B–majC chords with those induced by the U–majD
ones revealed that rCBF increased in the left middle tempo-
ral gyrus (MTG) ( 61, 1, 18; z  3.77) and the right
fusiform gyrus (61, 15, 30; z  3.33) ( p  .001, un-
corrected; Table 2) in the B–majC condition. A comparison
between the B–majC and B–minC conditions also revealed 
significant rCBF in the left MTG ( 61, 3, 20; z  3.46; 
see Table 3 and Figure 2).

In contrast, significantly higher rCBF appeared in the
left dorsomedial midbrain ( 10, 30, 13; z  3.92),
left rectal gyrus ( 6, 18, 28; z  3.78), right cerebellar 
tonsil (14, 60, 32; z  3.60), right inferior frontal lob-
ule (32, 31, 2; z 3.54), left cingulate gyrus ( 4, 14,
32; z 3.40), left anterior cingulate gyrus ( 8, 33, 2;
z  3.35), and right corpus striatum (32, 9, 10; z  3.34) 
(Table 2) during presentation of the B–minC chords than
during presentation of the U–minD chords. The right cor-
pus striatum (30, 15, 11; z 4.39) and culmen ( 34,

Table 2
Coordinates and z Scores for Brain Regions: 

A Direct Comparison Between the Beautiful, Major-Key 
Consonant (B–majC) Condition Versus the Ugly, Major-Key 

Dissonant (U–majD) Condition and the Beautiful, Minor-Key UU
Consonant (B–minC) Condition Versus the Ugly, 

Minor-Key Dissonant (U–minD) ConditionUU

Talairach
Coordinates

Condition and Region Hemisphere z Scorez x y z

B–majC vs. U–majD
Middle temporal gyrus Left 3.77 61 1 18
Fusiform gyrus Right 3.33 61 15 30

B–minC vs. U–minD
Dorsomedial midbrain Left 3.92 10 30 13
Rectal gyrus Left 3.78 6 18 28
Cerebellar tonsil Right 3.60 14 60 32
Inferior frontal gyrus Right 3.54 32 31 2
Cingulate gyrus Left 3.40 4 14 32
Anterior cingulate gyrus Left 3.35 8 33 2
Corpus striatum Right 3.34 32 9 10

Table 3
Coordinates and z Scores of Brain Regions: A Direct Comparisonz
Between the Beautiful, Major-Key Consonant (B–majC) and the

Beautiful, Minor-Key Consonant (B–minC) Conditions

Talairach
Coordinates

Condition and Region Hemisphere z Scorez x y z

B–majC vs. B–minC
Middle temporal gyrus Left 3.46 61 3 20

B–minC vs. B–majC
Corpus striatum Right 4.39 30 15 11
Culmen Left 3.43 34 44 21
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chords were significantly higher than those for the minor 
consonant ones. These results suggest that the beauty of 
major musical keys and that of minor keys are represented 
in different areas of the brain, and the activations of the 
reward nerve system do not always have to correspond to 
the intensity of the subjective feeling of beauty.

A comparison of the activations evoked by the beautiful 
minor-key music and those evoked by the beautiful major-
key music revealed that the striatum is an important site
for the processing of the former, whereas the MTG is an
important site for the processing of the latter. The striatum,
which is projected by the dopaminergic neurons of the 

the dopaminergic reward system plays an important role
in processing the pleasure that is evoked by listening to
musical chords.

More specifically, beautiful minor consonant chords,
in comparison with ugly minor dissonant ones, strongly
activated several distinct spatial regions associated with
reward and emotion, including the dorsomedial midbrain,
right inferior frontal lobule, and anterior cingulate gyrus,
whereas minor dissonant chords did not strongly activate
these areas. In contrast, major consonant chords did not in-
duce significant activations of these areas, despite the fact
that the subjective beauty scores for the major consonant

Figure 2. Neuroanatomical regions demonstrating significant increases in rCBF
upon the subtraction of the B–minC condition images from the B–majC ones (A) and 
vice versa (B). In the B–majC condition, as compared with the B–minC condition, 
the rCBF increased in the left middle temporal gyrus (axel section; z 20 mm), 
whereas in the B–minC condition, as compared with the B–majC condition, the rCBF 
increased in the right corpus striatum (coronal section; y 15 mm). Error bars 
represent the standard errors of the means for the relative conditions. rCBF, regional
cerebral blood flow; see Figure 1 for explanations of the other acronyms.
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midbrain, is one of the most important regions involved in
operating the reward system. Therefore, pleasure evoked 
by music in the minor key is akin to reward and may stir 
up strong emotions in humans. Traditionally, in Japan, the
type of beauty evoked by minor-key music—for example,
mono no aware (the pathos or sadness of things, i.e., lacri-
mae rerum) and wabi-sabi (austere simplicity tinged with
elegant melancholy) (Sano, 1995)—is more dominant in
art than is the type of beauty evoked by major-key music.
It is possible that the strong activation of the reward cir-
cuit for minor-key beauty in the present study was due to
cultural bias. Further investigation is required in order to 
examine the interaction between the neural networks and 
cultural differences in perceptions of beauty.

Consonant major keys also activate distinct areas of 
the brain, specifically the left MTG, which is reported 
to mediate word processing—in particular, orthographic 
word processing and morphologic information process-
ing (Gernsbacher & Kaschak, 2003; Sakai, Hashimoto,
& Homae, 2001; Vigneau, Jobard, Mazoyer, & Tzourio-
Mazoyer, 2005). The left MTG appears to be related to co-
herent and orderly information processing. In the theory
of harmonics, a major triad appears to exhibit more natu-
ral and fundamental characteristics of the physical nature 
of sound than does a minor triad (Crowder, 1984). The
major triad occurs naturally in the harmonic series as the 
fourth, fifth, and sixth partials, whereas complex analyses
are necessary to identify the corresponding minor triad. In
light of these considerations, it seems possible that listen-
ing to beautiful major-key music mediates coherent infor-
mation processing.

Our results suggest that the beauty of the major and 
minor musical keys is represented in different brain areas, 
which correspond to their different affective qualities—
that is, happy/sad, bright/dark, and hopeful/depressive. 
Many things in life, such as visual art, music, faces, na-
ture, and mathematics, induce feelings of beauty; such
beautiful things activate not only the reward nerve system 
(Blood & Zatorre, 2001; Blood et al., 1999; Brown et al.,
2004; Kawabata & Zeki, 2004; O’Doherty et al., 2003)
but also other areas that mediate various affective quali-
ties. Previous researchers who have examined the neuro-
logical basis of experiences of beauty have not focused 
sufficiently on the diverse manifestations of such experi-
ences. Our findings primarily demonstrate that the differ-
ent affective qualities of major and minor musical keys, 
both of which are perceived within the realm of beauty, 
are represented in distinct brain regions. This differential 
representation might underlie, in part, the depth and com-
plexity of aesthetic pleasure evoked by art.
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