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Abstract. In the present study, we extended the issue of how people access emotion through nonverbal information by
testing the effects of simple (tempo) and complex (timbre) acoustic features of music on felt emotion. Three- to six-year-old
young children (n= 100; 48% female) and university students (n= 64; 37.5% female) took part in three experiments inwhich
acoustic features of music were manipulated to determine whether there are links between perceived emotion and felt
emotion in processing musical segments. After exposure to segments of music, participants completed a felt emotion
judgment task. The chi-square test showed significant tempo effects, ps < .001 (Exp. 1), and strong combined effects ofmode
and tempo on felt emotion. In addition, strength of these effects changed across age. However, these combined effects were
significantly stronger under the tempo-and-mode consistent condition, ps < .001 (Exp. 2) than inconsistent condition
(Exp. 3). In otherwords, simple versus complex acoustic features had stronger effects on felt emotion, and that sensitivity to
these features, especially complex features, changed across age. Thesefindings suggest that felt emotion evokedby acoustic
features of a given piece of music might be affected by both innate abilities and by the strength of mappings between
acoustic features and emotion.
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There is considerable research on how people access
emotions through verbal information (Chen, Liu,
et al., 2016; Kousta, et al., 2011; Kousta, et al., 2009) as
well as nonverbal information such as facial expressions
(Deliens, et al., 2018; Pell, 2005) and music (Bowman &
Yamauchi, 2016; Bresin & Friberg, 2011; Juslin & Slo-
boda, 2013; Kawakami, et al., 2013; Zentner, et al., 2008).
The term “musical emotions” refers both to the percep-
tion of the emotion that a musical piece was meant to
express (i.e., perceived emotion) and the emotions
induced in the person listening to the music (i.e., felt
emotion) (Kawakami et al., 2013). Prior research on
perceived emotion has shown that awareness of the
associations between musical features and their
intended emotional meaning may be affected by musi-
cal experience. In the present research on felt emotion,
we examined the associations between musical features
and the emotions induced in people of different ages

(i.e., young children vs. university students) while lis-
tening to music. Testing age differences is important for
determining whether felt emotion, like perceived emo-
tion, is influenced by musical experience.
Perceived emotionand felt emotion are both important

for music appreciation, a set of complex skills that are
usually considered to be learned abilities requiringmusic
lessons or long lasting exposure to music (Dalla Bella,
et al., 2001). However, researchers have shown that the
listener’s perception of the emotion themusicwasmeant
to convey does not always coincidewith the felt emotion
evoked by the music (Gabrielsson, 2002). Unlike most
other stimuli that evokepredictable felt emotions, suchas
encounters with dangerous animals, threats or negative
facial expressions (Lundqvist, et al., 2009), music evokes
felt emotion in ways that are not obvious or direct.
One aspect of music appreciation is awareness of the

different acoustic features of a piece of music; this
awareness helps the listener make judgments about
perceived emotion. Previous research has shown that
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there are multiple acoustic features of music that affect
perceived emotion, including mode (major or minor
keys) (Gabrielsson & Lindström, 2010; Livingstone,
et al., 2007), tempo (Kawakami et al., 2013; Livingstone
et al., 2007), timbre (Bowman & Yamauchi, 2016; Hail-
stone et al., 2006), intervals (Schellenberg & Trehub,
1996), texture (Webster & Weir, 2005), harmony and
rhythm (Juslin & Sloboda, 2013). Though research has
shown that infants and young children are aware of
some of the same musical features that adults are,
music-related perceived emotion, as an ability,
increases with age. For example, with regard to tempo,
children by age 5 make reliable fast-happy, slow-sad
associations (Dalla Bella et al., 2001), but with regard to
musical key or mode, they do not yet make major-
happy, minor-sad associations (Dalla Bella et al., 2001;
Garardi & Gerken, 1995). However, people make stron-
germajor-happy andminor-sad associations as they age
(Gregory, et al., 1996). Children reliably respond to
mode by age 6 (Dalla Bella et al., 2001), and significant
mode effects on felt emotion have been found among 7–
8-year olds and college students (Garardi & Gerken,
1995; Gregory et al., 1996). There are also age-related
declines in skills such as music identification (Andrews,
et al., 1998), and recognition (Dowling, et al., 2008),
which may be partially due to slowed cognitive pro-
cesses (Andrews et al., 1998; Dowling et al., 2008; Hail-
stone et al., 2006; Krumhansl, 2002). For example, older
listeners (over 60), compared with younger (18 to 30)
and middle-aged (31 to 59) adults, have difficulty pro-
cessing very rapid auditory patterns in music. Accord-
ing to the above evidence, there appears to be
developmental change in sensitivity to differentmusical
features, and awareness of the links between these fea-
tures and the emotions meant to be communicated by
music.
Importantly, there is evidence that felt emotion is

shaped in part by some of the same musical features
that affect perceived emotion, including mode
(Livingstone et al., 2007) and tempo (Kawakami et al.,
2013; Livingstone et al., 2007). The effects of these musi-
cal features on felt emotion could be due to several
factors (Gabrielsson, 2001; Husain, et al., 2002). First,
there may be a cognitive element. Husain et al. (2002)
tested relationships among affective arousal and mood
triggered by music and performance of a spatial task.
Participants completed two “mood and arousal
questionnaires,” before and after the paper-folding-
and-cutting (PF&C) task devised by Nantais and Schel-
lenberg (1999). Results showed that mean scores on the
PF&C task were higher for participants who heard the
fast rather than the slow tempo, and for thosewhoheard
themajor rather than theminormode. Second, different
felt emotions induced by the same music might be
triggered in different cultures (Balkwill & Thompson,

1999; Laukka, et al., 2013). In Laukka and colleagues’
research (2013), professional bowed-string musicians
from different cultures were instructed to perform short
pieces of music to convey emotions and related states to
listeners, and results indicated combination of universal
and culture-specific factors in processing affective
expression in music. A third factor concerns musical
experience, but to date there is still no evidence of age-
related changes in the arousal and mood triggered by
music. Tests of age differences would provide informa-
tion about the extent to which musical experience—in
other words, learning—changes listeners’ felt emotion
when listening to music.
More importantly, felt emotion might be elicited by

the mixed effects of various musical features in any
given musical segment. However, there have been few
studies that directly compared the effects of twomusical
features on perceived emotion, and even fewer that
examined combined effect on felt emotion. Evidence
with regard to perceived emotion hasmainly come from
research on tempo and mode (Dalla Bella et al., 2001),
which are both considered simple musical features
(Juslin & Sloboda, 2013). There are still open questions
about differences in felt emotion induced among people
of different ages (i.e., with different levels of musical
experience) when processing musical features with dif-
ferent complexities.
In the present study, we were interested in whether

acoustic features with different polarities (e.g., tempo
has two different polar: Fast vs. slow) and complexities
have different effects on felt emotion across age. More
precisely, the present study focused on the effects of
tempo (a simple feature) and timbre (a complex feature)
on felt emotion, when music is presented in different
modes, in two different age periods (i.e., children-less
musical experience vs. adults-moremusical experience).
There are three reasons for studying the music features
of tempo and timbre as the focus of the current study.
Firstly, relationships between tempo and emotion, and
between timbre and emotion, are similar in that they
both contribute to perceived emotion (Bowman &
Yamauchi, 2016; Juslin & Sloboda, 2013), for example
the perception that the music is meant to convey posi-
tive or negative emotions. Secondly, encoding of tempo
(Husain et al., 2002) and encoding of timbre (Kraus,
et al., 2009) have both been shown to change with
experience or age. Thirdly, and more importantly,
tempo and timbre can be seen as representatives of
musical features with different polarities and different
complexities.
In addition to being distinguished in terms of being

simple or complex, tempo and timbre can also be dis-
tinguished in terms of polarity. Whereas tempo is a
bipolar feature of music, timbre is considered to be
multi-polar. Tempo is considered to be bipolar because
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it is perceived only in terms of fast and slow (or faster
and slower). This phenomenon has been widely dis-
cussed in the literature (see review by Webster & Weir,
2005). One perspective is that tempo, mainly divided
into fast and slow, and mode, divided into major and
minor keys, are both bipolar, and have interactive
effects on happy-sad ratings (Webster & Weir, 2005).
By contrast, timbre (alongwith pitch and loudness) is

a complex property of a sound. An example of timbre is
the distinctive sound quality of an instrument (Isaac,
2018), that affects perceived emotion (Bowman &
Yamauchi, 2016; Hailstone et al., 2006; Juslin & Sloboda,
2013). Listeners of music associate the trumpet with
happiness (Bresin & Friberg, 2011), and associate the
violin with sadness (Juslin & Laukka, 2003; Juslin &
Sloboda, 2013). Therefore, whereas tempo is bipolar,
timbre is multi-polar in that it is expressed differently
by different instruments. This distinction can also be
defined in terms of acoustic complexity. Tempo as a
bi-polar feature can also be described as a simple acous-
tic feature. Timbre, as a multi-polar feature, can also be
described as a complex acoustic feature that arises from
a distribution of acoustic features rather than one single
physical dimension (Bowman & Yamauchi, 2016; Isaac,
2018). The difference in the acoustic complexity of
tempo and timbre might cause different processing pat-
terns across age groups.
One key focus of the current study was to establish

links between perceived emotion (defined by the
researcher) and felt emotion (reported by the partici-
pant). Therefore, it was important to have a standard by
which to choose musical segments with different per-
ceived emotions. Mode was chosen for this purpose.
Juslin and Sloboda’s review (Juslin & Sloboda, 2013)
noted that there are not simple one-to-one relationships
between musical features and felt emotions, except in
the relationships between modes and emotions. That is,
a major mode almost always elicits positive emotions
(i.e., happiness and tenderness), and a minor mode
almost always elicits negative emotions (i.e., sadness,
anger, and fear) (Juslin & Sloboda, 2013, p. 596). In
addition, the mode is nearly fixed for a specific musical
segment, and cannot be changed as easily as other
musical features (e.g., tempo and timbre). Therefore,
in the current study mode was the basis on which a
musical segment was chosen as a representative of pos-
itive and negative perceived emotion.
Another key focus of the current study concerned the

question of whether there are age differences in sensi-
tivity to different acoustic features as markers of per-
ceived emotions. In the literature, researchers have
maintained that perceived emotion in response tomusic
is due to innate perceptual predispositions together
with learned associations that develop in childhood.
Consistent with the argument that some skills are

innate, there is evidence that three-year-old children
are similar to adults in their judgments of the perceived
emotion of a given musical segment (Nawrot, 2003). In
addition, the ability to distinguish happiness, sadness,
anger and fear from music fragments has been seen as
early as 4 years old (Cunningham & Sterling, 1988;
Dolgin & Adelson, 1990). Children in this age group
can also distinguish majormode fromminor (Kastner &
Crowder, 1990) although there is mixed evidence con-
cerning how well young children specifically associate
mode with emotion. One study reported that 4–to–5-
year-old children had difficulty correctly judging per-
ceived emotions by mode (Dalla Bella et al., 2001),
whereas another reported that even three-year-olds
mark the major mode as expressing happy affection,
just as adults do (Kastner & Crowder, 1990).
However, in contrast to the literature on perceived

emotion, the difference in felt emotion between children
and adults has not yet been discussed. According to
researchers’ assumptions about relationships among
felt emotion, musical features and musical experiences,
the expectation would be that children’s felt emotion is
more affected by simple and bipolar musical features,
whereas adults’ felt emotion is more affected by com-
plex and multipolar musical features. In the present
study, felt emotion in response to the acoustic features
of a given piece of music was examined in young chil-
dren, from age 3 to 6, and university students.
Among young children, those who are around three

years old have the consciousness of felt emotion, at least
positive and negative emotion. In addition, in a pre-test
investigation before our main study, three- to six-year-
old children showed generally correct responses to
music expressing the emotions of happiness and sad-
ness according to the mode of the musical segment
(i.e., perceived emotion), and some of them, mainly
from age 4 to age 6, could distinguish music expressing
anger, fear and tenderness. These findings were gener-
ally consistent with what has been reported in the liter-
ature (Cunningham&Sterling, 1988; Dolgin&Adelson,
1990; Kastner & Crowder, 1990; Nawrot, 2003). It is
plausible that these early skills would become stronger
with time, due to increases in the amount and diversity
of musical experiences. Young children mostly listen to
happy music in their daily lives, whereas university
students have more and various musical experiences,
even if they have not received any music training.
Therefore, besides differing in age, the two groups of
participants likely differ in the type and extent of their
musical experiences.
Based on the research on perceived emotion in pro-

cessing music, the present study on felt emotion tested
two competing hypotheses. One hypothesis was that
mapping from bipolar, simpler features (i.e., mode and
tempo) to the felt emotion might easier than mapping
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from multi-polar, more complex features (e.g., timbre)
to the felt emotion. However, the competing hypothesis
should not be ignored. Prior research has shown that
tempo and polar emotions (i.e., positive and negative
emotions) are not simply correlated one-to-one: Fast
tempo is correlated with happiness but also with anger
and fear,whereas slow tempo is correlatedwith sadness
but also tenderness (Juslin & Sloboda, 2013, p. 596). This
is similar to the relations between timbre and polar
emotions, which are also not stable, one-to-one connec-
tions (Hailstone et al., 2006; Juslin & Laukka, 2003).
Therefore, mapping between tempo and felt emotion
might be as difficult asmapping between timbre and felt
emotion.
Three experiments were conducted. In Experiment

1, young children and young adults were asked to
complete a felt emotion task after being exposed to
music of a specific tempo while controlling for tempo-
mode consistency. The aim of Experiment 1 was to find
out whether young children and young adults report
similar felt emotion in response to a piece of music, and
how tempo affects this pattern across age. In Experi-
ments 2 and 3, participants completed the same task
after being exposed to music with a specific timbre
while controlling for tempo-mode consistency. Experi-
ment 2 addressedwhether the timbre of a piece ofmusic
elicited similar felt emotion at different ages, while
Experiment 3 addressed whether timbre and tempo
together elicited similar felt emotion at different ages.
These three experiments allowed us to address the
questions of whether two different acoustic features,
alone and together, affect the felt emotion elicited by a
given piece of music, whose perceived emotion was
defined bymode, andwhether these effects differ across
age groups.

Experiment 1

Method

Participants

There were two groups of participants, namely young
children and university students. The children (n = 50;
ages 3 to 6; see Table 1) were from the same kindergar-
ten, which included preschool and kindergarten class-
rooms. Their caregivers volunteered for the children to
participate and the children were given a picture book
as a token of appreciation. The university students (n =
32; ages 18 to 22) were volunteers who were given a
small payment after participation. The children and
university students were all native Chinese speakers,
without auditory or visual problems. None of them
were had received formal musical training, defined as
lessons on an instrument or in music theory.

Design

Stimuli in a felt emotion task were manipulated in a
repeated-measures factorial design with the perceived
emotion of the music (major-happy vs. minor-sad), felt
emotion (positive vs. neutral vs. negative), and tempo of
themusic (fast vs. slow) aswithin group factors, and the
number of selections on felt emotions under different
conditions as the dependent variable. Data from chil-
dren and adults were submitted to separate analyses.
The children underwent fewer trials than the adults

did. To shorten the trial list, children were first ran-
domly divided into two groups with 25 children in each
group. The different musical segments were randomly
arranged into two sets, and each group listened to only
one of these sets.

Materials

Fifty musical segments played on a piano, 25 in a major
key and 25 in a minor key, were evaluated by thirty
university students to select representatives of happy
and sad music. The students, who did not take part in
the main study, rated the perceived emotion (1 = very
sad, 3 = neutral, 5 = very happy) and familiarity (1 =
absolutely unfamiliar, 5 = very familiar) of each musical
segment. Finally, 12 musical segments were selected.
The 6 musical segments with the highest perceived
emotion ratings (Mrating of emotion = 4.4, SD = 0.49) were
defined as happy music. These 6 segments were all in a
major mode. The 6 musical segments with the lowest
perceived emotion ratings (Mrating of emotion = 1.72, SD =
0.45) were defined as sad music. These 6 segments were
all in a minor mode. The raters reported low familiarity
with these 12 musical segments (Mfamiliarity rating = 1.59,
SD = 0.50).
All musical segmentswere edited byAdobeAudition

CS6 to create two versions, each with a different tempo:
fast or slow. Average length of the fast music (184.6
bpm) was set as 9.78s (from 7 s to 14 s, SD = 2.02),
whereas average length of the slow music (84.8 bpm)
was set as 24.96s (from 18 s to 33 s, SD = 5.63). Finally,
24 musical segments (6 happy and fast; 6 happy and
slow; 6 sad and fast; 6 sad and slow) were used as the
target stimuli.

Procedure

Control files were constructed to play on a 13.3–inch
Dell notebook (Dell Ins 13MF–D1208TA), and the musi-
cal segments were played through a loudspeaker. Par-
ticipants were tested individually in a sound-proof
room. Each child was accompanied by a researcher,
who helped the child to make ratings. No participants
reported having difficulty hearing the sounds. Stimuli
were presented in a random order for each participant.
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After listening to the stimuli, participants reported their
felt emotion by touching a smiling face, crying face, or
neutral face, displayed on the monitor. Different selec-
tions (i.e., smiling face, crying face, and neutral face)
were displayed on the left (X: 25%, Y: 50%), middle (X:
50%, Y: 50%) and on the right (X: 75%, Y: 50%) of the
monitor, in an order that was pseudo randomly
arranged.

Instructions for young children

Before the main test, children were asked whether they
knew what emotion was being represented by three
faces:“Howdoes each face feel?”All 50 childparticipants
answered correctly (smiling face felt happy, crying face
felt sad, and neutral face) and further took part in the
main test. Themain test took place in the following steps.
Step 1:Have you seen these Emojis?Wouldyouplease

tell me what kind of emotion each Emoji represents?
Step 2: Good, you can identify these three Emojis.

Now, you will hear some pieces of music. We want to
use these pieces of music in a new cartoon, to go along

with parts of the cartoon that show happiness, sadness,
or neutral emotion. Can you help us? After listening to
each segment, please use one of these Emojis to tell me
what part of the cartoon you think each piece of music
should be in.
It should be noted that young children had difficulty

in understanding instructions about neutral felt emo-
tion in a pilot test. Therefore, once the children had
chosen which musical segment represented happiness
and which represented sadness, they would be further
asked: “Do you also feel happy/sad when listening to
this piece of music?” This question provided informa-
tion about the children’s felt emotion.

Instructions for adults

“Now, youwill hear somemusical segments. Please rate
these musical segments with these Emojis, which rep-
resent happiness, sadness, or neutral emotion. Make
sure that the emotion you choose is induced in yourself.
If no obvious emotion was evoked, please use the neu-
tral face.”

Figure 1. Experimental Procedure in Experiments 1 and 2.

Table 1. Participants’ Demographic Information

Children

Adults
Grade 1

(Ages 3–4)
Grade 2

(Ages 4–5)
Grade 3

(Ages 5–6) Total

Gender Girl Boy Girl Boy Girl Boy Girl/Boy Female Male

Experiment 1
n 9 6 6 11 8 10 23/27 14 18
M (age) 3.45 4.34 5.27 19.22

Experiments 2 & 3
n 10 5 7 10 8 10 25/25 10 22
M (age) 3.34 4.54 5.17 20.10
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Results and Discussion

In the present study, young children’s reports of each
musical segment’s perceived emotion as positive
(i.e., happiness) or negative (i.e., sadness) coincided
with their responses of felt emotion. Therefore, we con-
sidered the perceived emotion responses to be indica-
tors of felt emotion. Table 2 shows the number of
selections under different conditions. Figure 2 shows
mean proportions of selections that were of smiling
and crying faces. Data from children and data from
adults were submitted separately to chi-square tests.

Results on Data from Children

Children’s data were first submitted to a 2 (tempo: fast/
slow) * 3 (felt emotion: positive/neutral /negative) chi-
square test, which indicated a significant interaction
between tempo and felt emotion, χ2(2) = 77.89, p <
.001. Simple effects analysis showed that children
reported positive felt emotion (46.25% of participants)
more often than neutral felt emotion (28.75%), χ2(1) =
16.33, p < .001, and more often than negative felt emo-
tion (25.00%), χ2(1) = 25.35, p< .001, after listening to fast
music, but the difference between neutral and negative

Table 2. Numbers of Selections in Experiment 1

Selections on felt emotions

Music

Major Mode (Happy mode) Minor Mode (Sad mode)

Fast Sum Slow Sum Fast Sum Slow Sum

Children Age
Happy Age 3–4 30 106 18 46 22 79 13 41

Age 4–5 42 16 31 14
Age 5–6 34 12 26 14

Neutral Age 3–4 13 61 10 57 13 54 11 42
Age 4–5 22 21 16 13
Age 5–6 26 26 25 18

Sad Age 3–4 15 33 30 97 23 67 34 117
Age 4–5 6 33 23 43
Age 5–6 12 34 21 40

Adults
Happy 304 42 170 14
Neutral 69 179 121 88
Sad 　 11 　 163 　 93 　 282

Figure 2. Percentages of Participants who Chose Various Felt Emotions in Response to Given Musical Segments by (a) Young
Children and by (b) Young adults, under Different Tempo-mode Consistencies in Experiment 1

Note. N = No significant positive or negative felt emotion was elicited.
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felt emotion did not reach significance, χ2(1) = 1.05,
p > .10. By contrast, children reported negative felt
emotion (53.50%) more often than neutral felt emotion
(24.75%), χ2(1) = 48.68, p < .001, and more often than
positive felt emotion (21.75%), χ2(1) = 53.59, p < .001,
after listening to slowmusic, but the difference between
neutral and positive felt emotion did not reach signifi-
cance, χ2(1) = 0.77, p > .10.
Data were then submitted to a 2 (tempo: fast/slow) *

3 (felt emotion: positive/neutral /negative) chi-square
test under happy and sad music conditions, separately.
Under the happy music condition, results showed a
significant interaction between tempo and felt emotion,
χ2(2) = 55.33, p < .001. Simple effects analysis showed
that children reported positive felt emotion (53.00% of
participants) more often than neutral felt emotion
(30.50%), χ2(1)=12.13, p < .001, and more often than
negative felt emotion (16.50%), χ2(1) = 38.34, p < .001,
in response to fast music. In addition, the difference
between neutral and negative felt emotion reached sig-
nificance, χ2(1) = 8.34, p < .01. By contrast, children
reported negative felt emotion (48.50%)more often than
neutral felt emotion (28.50%), χ2(1) = 10.39, p < .001, and
more often than positive felt emotion (23.00%), χ2(1) =
18.19, p < .001, in response to slowmusic. However, the
difference between neutral and positive felt emotion did
not reach significance, χ2(1) = 1.18, p > .10.
Under the sad music condition, the interaction

between tempo and felt emotion reached significance,
χ2(2) =17.12, p < .001. Simple effects analysis showed
that for the fast music, children reported positive felt
emotion (39.50% of participants) significantly more
often than negative felt emotion (33.50%), χ2(1) = 4.70,
p < .05, but no significant difference between positive
felt emotion and neutral felt emotion (27.00%), or
between negative and neutral felt emotion, ps > .10; By
contrast, for slowmusic, children reported negative felt
emotion (58.50%) more often than neutral felt emotion
(21.00%), χ2(1) = 35.37, p < .001, and more often than
positive felt emotion (20.50%), χ2(1) = 36.56, p < .001.

Results on Data from Adults

In the adult sample a 2 (tempo: fast/slow) * 3 (felt
emotion: positive/neutral/negative) chi-square test
showed a significant interaction between tempo and felt
emotion, χ2(2) = 554.45, p < .001. Simple effects analysis
showed that fast music elicited positive felt emotion
(61.72% of participants) more often than neutral felt
emotion (24.74%), χ2(1) = 121.47, p < .001, and more
often than negative felt emotion (13.54%), χ2(1) =
236.85, p < .001. By contrast, slow music elicited nega-
tive felt emotion (57.94%) more often than neutral felt
emotion (34.77%), χ2(1) = 44.50, p < .001, andmore often
than positive felt emotion (7.29%), χ2(1) = 302.04,

p < .001; in addition, the difference between positive
and neutral felt emotion reached significance, χ2(1) =
137.84, p < .001.
The adult data were then submitted to a 2 (tempo:

fast/slow) * 3 (felt emotion: positive /neutral/negative)
chi-square test under happy and sad music conditions,
separately. Under the happy music condition, the inter-
action between tempo and felt emotion reached signif-
icance, χ2(2) = 379.97, p < .001. Simple effects analysis
that focused on tempo in relation to different emotions
showed that fast music elicited positive felt emotion
(79.12% of participants) more often than neutral felt
emotion (17.97%), χ2(1) = 148.06, p < .001, and more
often than negative felt emotion (2.86%), χ2(1) =
272.54, p < .001; in addition, fast music elicited neutral
felt emotion more often than negative felt emotion,
χ2(1) = 42.05, p < .001. By contrast, slow music elicited
neutral felt emotion (46.61%) more often than positive
felt emotion (10.94%), χ2(1) = 71.42, p < .001, and elicited
negative felt emotion (42.45%) more often than positive
felt emotion, χ2(1) = 71.42, p < .001; however, the differ-
ence between neutral felt emotion and negative felt
emotion did not reach significance, χ2(1) = 0.75, p > .10.
Under the sadmusic condition, therewas a significant

interaction between tempo and felt emotion, χ2(2) =
232.72, p < .001. Simple effects analysis that focused on
tempo in relation to different felt emotions showed that
fast music elicited positive felt emotion (44.27% of par-
ticipants) more often than neutral felt emotion (31.51%),
χ2 (1) = 8.25, p < .01, and more often than negative felt
emotion (24.22%), χ2(1) = 22.54, p < .001; however, the
difference between neutral and negative felt emotion
did not reach significance, χ2(1) = 3.66, p > .05. By
contrast, slow music elicited negative felt emotion
(73.44%) more often than neutral felt emotion
(22.92%), χ2(1) = 101.72, p < .001, and more often than
positive felt emotion (3.65%), χ2(1) = 242.65, p < .001; in
addition, slow music elicited neutral felt emotion more
often than positive felt emotion, χ2(1) = 53.69, p < .001.

Summary

Findings in Experiment 1 indicated that tempo affected
the felt emotion of most of the participants, including
young children and young adults. That is, fast musical
segments more often elicited positive felt emotion,
whereas slow musical segments more often elicited
negative felt emotion.
Comparing findings from children and adults, the

results suggested that young adults depend more than
young children do on tempo when processing unfamil-
iar musical segments under consistent tempo-mode
conditions. In addition, children, but not adults, were
inconsistent in their reports of felt emotion in response
to minor-mode music played in a fast tempo. By
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contrast, although adults had inconsistent views on
major-mode music played in a slow tempo, they did
not think that these musical segments represented hap-
piness (see Figure 2).

Experiment 2

Experiment 2 tested timbre effects on felt emotion. Con-
sistent with the findings in recent research (Bresin &
Friberg, 2011; Juslin & Laukka, 2003; Juslin & Sloboda,
2013), music played on a trumpet, evoking more happy
felt emotion, and music played on a violin, evoking
more sad felt emotion, were selected as the target tim-
bres. In addition, consistency between tempo andmode
were controlled. That is, happy musical segments
(i.e., music with major mode) were presented with fast
tempo, whereas sad musical segments (i.e., music with
minor mode) were presented with slow tempo. There-
fore, timbre effects on felt emotion could be examined in
isolation of these other two characteristics of music.

Method

Participants

As in Experiment 1, there were two subsamples, one of
children and one of university students. The children (n
= 50; ages 3 to 6; see Table 1) were from the same school
as those in Experiment 1. Their caregivers volunteered
for them to participate, and they were given a picture
book as a token of appreciation. The university students
(n = 32; ages 18 to 22; from the same university as in
Experiment 1) were volunteers and were given a small
payment after participation. The children and univer-
sity students were all native Chinese speakers, without
auditory or visual problems. None of themhad received
formalmusical training, defined as lessons on an instru-
ment or in music theory.

Design

Stimuli in the felt emotion task were manipulated in a
repeated-measures factorial design with perceived
emotion of themusic (major/happy vs. minor/sad), felt
emotion (positive vs. neutral vs. negative), and timbre
(trumpet vs. violin) as within group factors, and the
number of selections on felt emotions under different
conditions as the dependent variable. Data from chil-
dren and adults were submitted to separate analyses.
To shorten the trial list for young participants, chil-

dren were divided into two groups randomly, 25 chil-
dren for each group. The different musical segments
were randomly arranged into two sets, and each group
listened to only one of these sets.

Materials

The same 12 original musical segments (6 happy and
6 sad) that were used in Experiment 1 were edited by
Adobe Audition CS6 so that each musical segment had
two versions, each with a different timbre: trumpet or
violin. Thus, 24 musical segments (6 happy, trumpet;
6 sad, trumpet; 6 happy, violin; 6 sad violin) were used
as the target stimuli.

Procedure and instructions

Experimental equipment, procedures and instructions
were identical to those in Experiment 1.

Results and Discussion

The number of selections under different conditions is
shown in Table 3, and mean proportions of children
who selected different faces are shown in Figure 3.
Chi-square testswere conducted separately on the num-
ber of selections from children and the data from adults.

Results on Data from Children

Data from childrenwere submitted to a 2 (timbre: trum-
pet/violin) * 3 (felt emotion: positive/neutral/negative)
chi-square test. Results showed a significant interaction
between timbre and felt emotion, χ2(2) = 34.49, p < .001.
Simple effects analysis showed that musical segments
played on a trumpet elicited positive felt emotion
(49.00% of participants) more often than neutral felt
emotion (25.00%), χ2(1) = 15.57, p < .001, andmore often
than negative felt emotion (26.00%), χ2(1) = 14.11, p <
.001. However, the difference between neutral felt emo-
tion and negative felt emotion did not reach signifi-
cance, χ2(1) = 0.04, p > .10. By contrast, musical
segments played on a violin elicited negative felt emo-
tion (50.50%) more often than neutral felt emotion
(27.00%), χ2(1) = 14.25, p < .001, and more often than
positive felt emotion (22.50%), χ2(1) = 21.48, p < .001.
However, the difference between positive felt emotion
and neutral felt emotion did not reach significance,
χ2(1) = 0.82, p > .10.
The data were then submitted to a 2 (timbre: trum-

pet/violin) * 3 (felt emotion: positive/neutral/negative)
chi-square test under happy and sad music conditions,
separately. Under the happy music condition, the inter-
action between timbre and felt emotion reached signif-
icance, χ2(2) = 19.76, p < .001. Simple effects analysis
showed that happy music played by a trumpet elicited
positive felt emotion (66.00%of participants)more often
than neutral felt emotion (27.00%), χ2(1) = 16.36, p< .001,
and more often than negative felt emotion (7.00%),
χ2(1) = 47.69, p < .001. In addition, happy music played
by a trumpet elicited neutral felt emotion more often
than negative emotion, χ2(1) = 11.77, p < .001. By
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contrast, happy music played on a violin showed no
significant difference between positive (38.00%) and
negative (26.00%) felt emotion, χ2(1) = 2.25, p > .10, or
between positive and neutral felt emotion (36%), χ2(1) =
0.05, p > .10, or between neutral and negative felt emo-
tion, χ2(1) = 1.61, p > .10.
Under the sad music condition, a significant interac-

tion existed between timbre and felt emotion, χ2(2) =
24.14, p < .001. Simple effects analysis showed no sig-
nificant difference between negative (45.00% of partici-
pants) and positive (32.00%) felt emotions, χ2(1) = 2.20,
p > .10, or between positive and neutral felt emotions

(23.00%), χ2(1) = 1.47, p > .10, when sad music was
played on a trumpet; the difference between negative
and neutral felt emotions reached significance,
χ2(1) =7.12, p < .01. By contrast, sad music played on a
violin elicited negative (75.00%) more often than posi-
tive (7.00%) felt emotion, χ2(1) = 56.39, p< .001, andmore
often than neutral felt emotion (18.00%), χ2(1) = 34.94,
p < .001; in addition, the difference between neutral and
positive felt emotion reached significance, χ2(1) = 4.84,
p < .05.
In sum, the results indicated that trumpet music eli-

cited negative felt emotion more often than positive felt

Figure 3. Percentages of Different Felt Emotions Reported by (a) YoungChildren and by (b) YoungAdults, under Different Timbre-
mode Consistencies in Experiment 2

Note. In Experiment 2, perceived emotions represented by tempo and by mode were always consistent. N = No significant
positive or negative felt emotion was elicited.

Table 3. Number of Selections in Experiment 2

Selections on felt emotions

Music

Major Mode (Happy mode) Minor Mode (Sad mode)

Trumpet Sum Violin Sum Trumpet Sum Violin Sum

Children Age
Happy Age 3–4 15 66 13 38 9 32 2 7

Age 4–5 27 15 12 2
Age 5–6 24 10 11 3

Neutral Age 3–4 10 27 5 36 4 23 7 18
Age 4–5 7 14 6 6
Age 5–6 10 17 13 5

Sad Age 3–4 2 7 12 26 17 45 21 75
Age 4–5 2 5 17 26
Age 5–6 3 9 11 28

Adults
Happy 162 142 14 0
Neutral 29 40 68 20
Sad 　 1 　 10 　 110 　 172
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emotion, but only under the major mode condition, and
the reverse was true for violin music, but only under the
minor mode condition. In other words, children’s feel-
ings in response tomusic were affected by timbre, weak-
ening the effect of mode when the mode and timbre did
not represent the same emotion. However, there is also
an alternative explanation. That is, timbre effects could
also beweakened by tempo. This alternative explanation
will be discussed later in the General Discussion.

Results on Data from Adults

Data from adults were submitted to a 2 (timbre: trum-
pet/violin) * 3 (felt emotion: positive/neutral/negative)
chi-square test. Results showed a significant interaction
between timbre and felt emotion, χ2(2) = 29.56, p < .001.
Further simple effects analysis showed that music
played on a trumpet elicited positive emotion (45.83%
of participants) more often than negative emotion
(28.91%) and more often than neutral felt emotion
(25.26%), χ2(1) = 22.29, p < .001, χ2(1) = 14.72, p < .001,
but the difference between neutral and negative felt
emotion did not reach significance, χ2(1) = 0.94, p >
.10. By contrast, music played on a violin elicited nega-
tive emotion (47.40%) more often than positive emotion
(36.98%), χ2(1) = 33.29, p < .001, and more often than
neutral emotion (15.63%), χ2(1) = 61.50, p < .001. In
addition, music played on a violin elicited negative
emotion more often than positive emotion, χ2(1) =
4.94, p < .05.
Data were then submitted to a 2 (timbre: trumpet /

violin) * 3 (felt emotion: positive/neutral/negative) chi-
square test under happy and sad music conditions,
separately. Under the happy music condition, the inter-
action between timbre and felt emotion reached signif-
icance, χ2(2) = 10.43, p < .01. Simple effects analysis
showed that happy music played by a trumpet elicited
positive felt emotion (84.4% of participants) more often
than neutral felt emotion (15.1%), χ2(1) = 92.61, p < .001,
and more often than negative felt emotion (0.50%),
χ2(1) = 159.03, p < .001; in addition, neutral felt emotion
was elicited more often than negative felt emotion,
χ2(1) = 26.13, p < .001. Similarly, happy music played
on a violin elicited positive felt emotion (73.96%) more
often than neutral felt emotion (20.83%), χ2(1) = 57.17, p
< .001, and more often than negative felt emotion
(5.21%), χ2(1) = 114.63, p < .001; in addition, the differ-
ence between neutral and negative felt emotion reached
significance, χ2(1) = 18.00, p < .001.
Under the sad music condition, the interaction

between timbre and felt emotion reached significance,
χ2(2) = 53.81, p < .001. Simple effects analysis showed
that sadmusic played on a trumpet elicited negative felt
emotion (57.29% of participants) more often than neu-
tral felt emotion (35.42%), χ2(1) = 35.56, p < .001, and

more often than positive felt emotion (7.29%), χ2(1) =
74.32, p < .001, and the difference between neutral and
positive felt emotion reached significance, χ2(1) = 159.03,
p < .001. In addition, sad music played on a violin
elicited negative felt emotion (89.58%) more often than
neutral felt emotion (10.42%), χ2(1) = 120.33, p < .001,
and no participants judged such music as eliciting neg-
ative emotion.

Summary

With regard to tempo and mode, the findings were
similar for children and adults. According to the find-
ings in Experiment 1 and also reports in the literature,
there were clear fast-major and slow-minor associations
in both age groups. Results fromExperiment 2 indicated
a strong combined effect of mode and tempo. Partici-
pants judged the perceived emotion effects of fast-major
musical segments as happy more often than sad, and
judged slow-minor musical segments as sad more often
than happy. That is, the perceived emotion of tempo
and the perceived emotion of modewere the same. This
finding is called a consistent tempo-mode effect in the
following description.
With regard to timbre andmode, the results in Exper-

iment 2 were somewhat similar between children and
adults. For children, timbre’s role in eliciting felt emo-
tion seemed to be subsidiary to the role of mode. Firstly,
when comparing children’s results in Experiments
1 and 2, it appears that perceived emotion-consistent
timbre enhanced the consistent tempo-mode effect. Sec-
ondly, perceived emotion-inconsistent timbre weak-
ened the consistent tempo-mode effect on felt emotion,
evident in a comparison of children’s responses in Exper-
iment 1 and Experiment 2. However, the effect of incon-
sistent timbre was not strong enough to influence felt
emotion (see Figure 2a and Figure 3a). Data from the
young adults indicated the same tendency, but only
under the conditions in which major-mode music was
played on a trumpet andminor-modemusic was played
ona violin. In otherwords, young adults seemed to judge
the emotion of the given musical segments with little or
no consideration for information provided by timbre.
However, the aim of the present research was to

discuss the effects of tempo and timbre on felt emotion
across age. In Experiment 2, perceived emotion based
on tempo and mode was always consistent (i.e., fast-
major-happiness, slow-minor-sadness), so the effects of
mode and tempo could not be distinguished. Therefore,
timbre effects on felt emotion were further examined in
inconsistent tempo-mode conditions in Experiment 3.

Experiment 3

In Experiment 3, timbre effects on felt emotion were
examined again but under inconsistent tempo-mode
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conditions. That is, major mode musical segments,
representing happiness, were presented with slow
tempo, whereas minor mode musical segments, repre-
senting sadness, were presented with fast tempo. These
conflict manipulations were used to compare the effects
of musical features of different complexities (i.e., mode,
simple; timbre, complex) on felt emotions.

Method

Participants

Participants who took part in Experiment 2 also partic-
ipated in Experiment 3.

Design

Stimuli in the felt emotion task were manipulated in a
repeated-measures factorial design with perceived
emotion of the music (major-happy vs. minor-sad), felt
emotion (positive vs. neutral vs. negative), and timbre
(trumpet vs. violin) as within group factors, and the
number of selections under different conditions as the
dependent variable. Data fromchildren and adultswere
submitted to separate analyses.
To shorten the trial list for young participants, chil-

dren were divided into two groups randomly, 25 chil-
dren for each group.

Materials

The 12 original musical segments (6 happy and 6 sad)
that were used in Experiment 2 were edited by Adobe
Audition CS6 so that each musical segment had two

versions, eachwith a different timbre: trumpet or violin.
Thus, 24 musical segments were used as the target
stimuli (6 happy, trumpet; 6 happy, violin; 6 sad, trum-
pet; 6 sad, violin). Unlike the manipulation in Experi-
ment 2, the tempo of the music in Experiment 3 was not
edited. Therefore, happy music was fast, whereas sad
music was slow, as in the original segments.

Procedure

Experimental equipment, procedures and instructions
were identical to those in Experiment 1.

Results and Discussion

Table 4 shows the percentage of participants whomade
different felt emotion selections under happy, neutral,
and sad conditions. Figure 4 shows themeanproportion
of participants who selected the smiling and crying
faces. Data from children and data from adults were
analyzed separately.

Results on Data from Children

Data from childrenwere submitted to a 2 (timbre: trum-
pet/violin) * 3 (felt emotion: positive/neutral/negative)
chi-square test. Results showed a significant interaction
between timbre and felt emotion, χ2(2) = 10.16, p < .01.
Simple effects analysis showed that music played on a
trumpet did not trigger positive felt emotion (38.50%)
more often than negative felt emotion (34.50%), χ2(1) =
0.16, p > .05, but did trigger positive felt emotion more
often than neutral felt emotion (27.00%), χ2(1) = 4.04, p <
.05. The difference in the percentage of participants who

Table 4. Numbers of Selections in Experiment 3

Selections on felt emotions

Music

Slow-Major (Sad Tempo-Happy mode) Fast-Minor (Sad Tempo-Happy mode)

Trumpet Sum Violin Sum Trumpet Sum Violin Sum

Children Age
Happy Age 3–4 10 31 9 16 10 46 13 34

Age 4–5 11 5 21 10
Age 5–6 10 2 15 11

Neutral Age 3–4 4 26 5 30 8 28 5 24
Age 4–5 9 12 8 7
Age 5–6 13 13 12 12

Sad Age 3–4 16 43 14 54 11 26 12 42
Age 4–5 15 18 6 17
Age 5–6 12 22 9 13

Adults
Happy 35 7 137 33
Neutral 102 77 48 73
Sad 　 　 55 　 108 　 7 　 86
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reported neutral and negative felt emotion did not reach
significance, χ2(1) = 1.83, p > .05. By contrast, music
played on a violin elicited negative (48.00%) more often
than neutral (27.00%), χ2(1) = 11.76, p < .001, and more
often thanpositive (25.00%) felt emotion, χ2(1) = 14.49,p<
.001, but the difference between neutral and positive felt
emotion did not reach significance, χ2(1) = 0.15, p > .10.
Data were then submitted to a 2 (timbre: trumpet/

violin) * 3 (felt emotion: positive/ neutral/negative) chi-
square test under slow-major and fast-minormusic con-
ditions, separately. Under the slow-major music condi-
tion, a significant interaction existed between timbre
and felt emotion, χ2(2) = 6.32, p < .05. Simple effects
analysis showed that for music played on a trumpet,
there were no differences in the percentage of partici-
pants endorsed happy, neutral or sad felt emotions,
χ2(1) < 3.27, p > .05. By contrast, for music played on a
violin, participants reported negative felt emotion
(54.00%) more often than neutral felt emotion (30.00%),
χ2(1) = 4.26, p < .05 and more often than positive felt
emotion (16%), χ2(1) = 20.63, p < .001, with the difference
between neutral and positive felt emotions also being
significant, χ2(1) = 6.85, p <.01.
Under the fast-minor music condition, a significant

interaction existed between timbre and felt emotion,
χ2(2) = 6.87, p < .05. Simple effects analysis showed that
when music was played on a trumpet, participants
reported positive felt emotion (46.00%) more often than
negative felt emotion (28.00%), χ2(1) = 5.56, p < .05, and
more often than neutral felt emotion (26.00%), χ2(1) =
4.38, p < .05. However, the difference between negative
and neutral felt emotion did not reach significance,
χ2(1) = 0.07, p > .10. By contrast, whenmusic was played
on a violin there was no difference in the proportion of

participants who endorsed the happy, neutral and sad
felt emotions, χ2(1) < 2.90, p > .05.

Results on Data from Adults

Data from adults were submitted to a 2 (timbre: trum-
pet/violin) * 3 (felt emotion: positive/neutral/negative)
chi-square test. Results showed a significant interaction
between timbre and felt emotion, χ2(2) = 150.25, p < .001.
Simple effects analysis showed that when music was
played on a trumpet, participants reported positive felt
emotion (44.79%) more often than negative felt emotion
(16.15%), χ2(1) = 51.70, p < .001, andparticipants reported
neutral felt emotion (39.06) more often than the negative
felt emotion, χ2(1) = 36.53, p < .001. However, the differ-
ence between positive and neutral felt emotion did not
reach significance, χ2(1) = 1.50, p > .10. By contrast, when
music was played on a violin, participants reported neg-
ative (50.52%) more often than neutral felt emotion
(39.06%) andmore often than positive (10.42%) felt emo-
tion, χ2(1) = 5.63, p < .05, χ2(1) = 101.35, p < .001, with the
difference between neutral and positive felt emotion also
reaching significance, χ2(1) = 63.68, p < .001.
Data were then submitted to a 2 (timbre: trumpet/

violin) * 3 (felt emotion: positive/neutral/negative) chi-
square test, separately under slow-major and fast-minor
music conditions. Under the slow-major music condi-
tion, the interaction between timbre and felt emotion
reached significance, χ2(2) = 39.39, p < .001. Simple
effects analysis showed that when music was played
on a trumpet, participants reported neutral felt emotion
(53.13%) more often than negative felt emotion
(28.65%), χ2(1) = 14.07, p < .001, and more often than
positive felt emotion (18.23%), χ2(1) = 32.77, p< .001. The

Figure 4. Percentages of Felt Emotion Types Elicited by the Given Musical Segments in (a) Young Children and (b) Young Adults,
under Different Timbre-mode Consistencies in Experiment 3.

Note. Perceived emotions represented by tempo and by mode were always inconsistent. N = No significant positive or
negative felt emotion was elicited.
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difference between negative felt emotion and positive
felt emotion also reached significance, χ2(1) = 4.44, p <
.05. In addition, when music was played on a violin,
participants reported negative felt emotion (56.25%)
more often than neutral felt emotion (40.10%), χ2(1) =
5.20, p < .05, and more often than positive felt emotion
(3.65%), χ2(1) = 88.70, p < .001. The difference between
triggered neutral felt emotion and positive felt emotion
also reached significance, χ2(1) = 58.33, p < .001.
Under the fast-minor music condition, a significant

interaction existed between timbre and felt emotion,
χ2(2) = 135.90, p < .001. Simple effects analysis showed
when music was played on a trumpet, participants
reported positive (71.35%) more often than neutral felt
emotion (25.00%), χ2(1) = 42.82, p < .001, andmore often
negative felt emotion (3.60%), χ2(1) = 117.36, p < .001.
The difference in the proportion of participants endors-
ing neutral and negative felt emotion was also signifi-
cant, χ2(1) = 30.56, p < .001. By contrast, music played on
a violin elicited negative felt emotion (44.79%) more
often than positive felt emotion (17.18%), χ2(1) = 23.61,
p < .001. However, no significant difference was cap-
tured between negative felt emotion and neutral
(39.06%) felt emotion, χ2(1) = 1.06, p > .10.

Summary

Firstly, differences between findings in Experiment
2 and 3 can be interpreted as being due to a strong
effect of tempo on the feelings elicited while listening
to music. Musical segments with slow tempo elicited
negative felt emotion less often in Experiment 2 (when
timbre and mode had the same perceived emotion)
than in Experiment 3 (when timbre and model had
different perceived emotions) and the reverse was
true for musical segments with fast tempo (see
Figures 2 and 3). The way that we selected themusical
segments in Experiment 3 was similar to that in
Experiment 1 and 2.
Secondly, consistence in the perceived emotions of

tempo and timbre (e.g., slow music played on a violin,
or fast music played on a trumpet) enhanced corre-
sponding feelings in response to the given musical seg-
ments. By contrast, inconsistence between tempo and
timbre (e.g., slow music played on a trumpet, or fast
music played on a violin) hindered typical felt emotion
while listening to the givenmusical segments, especially
for young children. These findings suggest that timbre
was subsidiary to tempo in eliciting felt emotion in
Experiment 3. As compared to findings reported in
Experiment 2, in which a timbre effect was found
in data from young children but not in data from young
adults, Experiment 3 indicated that different informa-
tion (i.e., tempo and timbre) had different effects on the
felt emotion of young children and adults.

General Discussion

Researchers have shown great interest in whether chil-
dren use the same properties ofmusic as adults dowhen
determining whether music makes them feel happy or
sad (i.e., felt emotion). However, most of these studies
focused on tempo and mode, which are both simple
acoustic features, and there has been little research
focused on interactions between simple and complex
acoustic features in processing music at different ages.
The current study addressed an unanswered question:
Does the perceived emotion associated with various
musical properties influence listeners’ felt emotion dif-
ferently across different ages?
In the present study, simple and complex acoustic

features, namely tempo and timbre, were examined in
relation to felt emotion in processing music in young
children and young adults. In all three experiments,
mode (major and minor), as the fixed feature for each
specific musical segment, was used to define the per-
ceived emotion of the musical segments as happy or
sad. By manipulating the consistency among mode,
tempo (i.e., simple acoustic feature) and timbre
(i.e., complex acoustic feature) in the present three
experiments, we tested how different characteristics of
acoustic features (simple or complex) affected felt emo-
tion at different ages. As was expected:

1. Tempo had a significant effect on felt emotion, and the
pattern of effect in young adults was similar to that in
young children, but generally stronger (Experiment 1).

2. There was a timbre effect, but it was negligible once
connections (i.e., consistent or inconsistent) between
tempo and mode were considered (Experiment 2).

3. When tempo and mode were inconsistent, felt emo-
tions tended not to match themusic’s perceived emo-
tion as represented by mode (Experiment 3); the
timbre effects appeared to be due to a consistent
tempo-timbre effect on young children, an effect that
was even stronger in young adults.

4. Surprisingly and interestingly, young children
seemed to show higher sensitivity to timbre than
young adults did (Experiments 2 and 3).

Comparing the first, second and third findings in the
above list, the effects of simple acoustic features were
more reliable than that of complex feature. However,
participants’ felt emotion depended more on tempo
thanmode, even though both of themare simple acous-
tic features, according to the fourth finding. The cur-
rent findings are consistent with the view that mood
states are affected by tempo (Husain et al., 2002). In
addition, the third finding indicated a conditional and
weak timbre effect, which is consistent with the timbre
effects on felt emotion in the literature (Bowman &
Yamauchi, 2016; Hailstone et al., 2006). All these
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findings seemed to reveal the interactive effects of
acoustic informationwith different complexities on felt
emotion at different ages, which until now have not
been documented.
Researchers have been interested in how two seem-

ingly incommensurable phenomena, music and emo-
tion, are linked together (see review in Juslin & Sloboda,
2013, p. 583). Davies argued, “although music may
convey meaning, it does not do so in terms of a
language-like semantics where every note pattern has
a fixed meaning” (see Juslin & Sloboda, 2013, p. 595).
The “fixed meaning” in this argument means a clear
correspondence between emotion and a note pattern.
This could be generalized as a correspondence between
emotion and its corresponding events (Chen, Liu, et al.,
2016), and this correspondence can be easily accessed.
For example, the word “happy” corresponds to events
such as “passed the exam,” “falling in love,” etc. As a
consequence, events corresponding to the concept
“happy” could be easily accessed when processing the
word “happy,” if these events have been experienced
(Chen, Liu, et al., 2016).
In the present study, “clear correspondence” and

“easily accessed” should also be seen as two key terms
in understanding links between acoustic features and
felt emotion. Firstly, compared with simple acoustic
features, complex features, including multipolarity
andmixed acoustic information, correspond less clearly
to felt emotions. In addition, if mappings between emo-
tions and acoustic features are considered, the mapping
between tempo /mode and felt emotions, and between
timbre and felt emotions, were shown to be different in
the current study. That is, the mapping between timbre
and felt emotion was more complicated, and less clear,
than the others (Hailstone et al., 2006; Juslin & Sloboda,
2013). Instead of seeing these findings as opposite to
those reported in the literature (Juslin & Sloboda, 2013),
the lack of a clear timbre effect should be seen as evi-
dence of the interactions between simple and complex
acoustic features in music processing. Secondly, tempo
has been found to be mastered earlier than mode as a
means to infer the emotional tone conveyed by music
(Dalla Bella et al., 2001), and tempo effects documented
in Experiment 2 were stronger than mode effects docu-
mented in Experiment 3. These findings could also be
explained by the mapping view of cognition. People
build mappings between concepts, especially abstract
concepts, so that they can easily learn a new concept via
an old one, or categorize concepts more easily (Chen,
Wang, et al., 2016). Mappings between concrete con-
cepts are more easily built than those between abstract
concepts (Chen, Liu, et al., 2016). Therefore, the connec-
tion between tempo and felt emotions might be more
easily accessed than the connection between mode and
felt emotions.

It is a bit surprising and very interesting that in the
young children sample the strong tempo effect was
missing under the inconsistent timbre-mode conditions
(i.e., major mode music played on violin and minor
mode music played on trumpet). In both Experiments
2 and 3, more than half of the young listeners’ felt
emotion was not consistent with what was expected
given the tempo, indicating that their judgments were
less dependent on tempo information than timbre infor-
mation (see Figures 3 and 4). There are two alternative
explanations: (a) Perhaps young children cannot iden-
tify all characteristics of felt emotion, as young adults
can; (b) perhaps young children showgreater sensitivity
to timbre and use it as one of the indexes to identify
happy and sadmusic. Given the differences in response
tendencies between young children and young adults,
the first explanation should be less acceptable than the
second. By contrast, if the second explanationwere truly
acceptable, it could be considered an indication that felt
emotion in response to music is partially innate. In
addition, the lack of equal sensitivities between simple
and complex acoustic features in the adults’ data could
be seen as evidence of learning. That is, after listening to
thousands of pieces ofmusic,mappings between simple
acoustic features and emotion become much stronger
than those between complex acoustic features and emo-
tion. However, because infants were not tested in the
present study, the current evidence cannot speak
directly to this explanation. It will be important to
address this issue in future research.
In summary, the results suggest that simple acoustic

features have stronger effects than complex acoustic
features on felt emotion. Sensitivity to both types of
features changes with age. These results might be due
to different strengths of mappings between acoustic
features (i.e., simple vs. complex) and felt emotion built
up in music learning.
All adult participants and parents/legal guardians of

all non-adult participants in Experiment 1, as well as in
Experiments 2 and 3, provided their written informed
consent to participate in this study and the study was
reviewed and approved by the Human Research Ethics
Committee for Non-Clinical Faculties (ethics committee
of the School of Psychology, South China Normal Uni-
versity) before the study began.
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