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ABSTRACT
People tend to choose smaller, immediate rewards over larger, delayed rewards. This
phenomenon is thought to be associated with emotional engagement. However, few
studies have demonstrated the real-time impact of incidental emotions on
intertemporal choices. This research investigated the effects of music-induced
incidental emotions on intertemporal choices, during which happy or sad music
was played simultaneously. We found that music-induced happiness made
participants prefer smaller-but-sooner rewards (SS), whereas music-induced
sadness made participants prefer larger-but-later rewards (LL). Time perception
partially mediated this effect: the greater the perceived temporal difference, the
more likely they were to prefer SS. Tempo and mode were then manipulated to
disentangle the effects of arousal and mood on intertemporal choices. Only
tempo-induced arousal, but not mode-induced mood, affected intertemporal
choices. These results suggest the role of arousal in intertemporal decision making
and provide evidence in support of equate-to-differentiate theory with regard to
the non-compensatory mechanism in intertemporal choices.
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1. Introduction

Many important decisions about health, wealth, and
happiness involve intertemporal choices (Reeck
et al., 2017). However, people tend to forgo larger,
delayed rewards in favour of smaller, immediate
rewards (Loewenstein, 1996; Loewenstein et al.,
2008; Peters & Büchel, 2011). The propensity to
devalue delayed rewards, known as temporal dis-
counting, is a basic psychological principle in inter-
temporal decision making (Green & Myerson, 2004).
Dual systems theory suggests that our preference
for immediate rewards stems from “hot” emotional
responses, whereas patience emerges from more
deliberative, “cold” reasoning (Figner et al., 2009;
McClure et al., 2004; Metcalfe & Mischel, 1999). The
processing of temporal discounting recruits brain
regions associated with emotional responses and

top-down cognitive control (Frost & McNaughton,
2017; Jimura et al., 2013; Peters & Büchel, 2011), imply-
ing that the manipulation of emotions may alter
people’s intertemporal choices.

Some theories suggest that incidental emotions,
which are carried over from one situation to
another, can influence intertemporal choices that
are unrelated to that incidental emotion (see Engel-
mann & Hare, 2018 for a review). However, prior
studies on the effects of incidental emotions on inter-
temporal choices have reported mixed results. For
example, some studies have demonstrated that nega-
tive emotions are more likely to lead to impatience
than positive emotions (e.g. Augustine & Larsen,
2011; Liu et al., 2013), whereas other studies have
shown that positive emotions lead to impatience
(e.g. Hirsh et al., 2010; Luo et al., 2014). These
studies usually ask participants to first envision
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incidents (e.g. Benoit et al., 2011; Liu et al., 2013),
watch pictures (e.g. Augustine & Larsen, 2011; Luo
et al., 2014) or read emotional words (e.g. Augustine
& Larsen, 2011; Pyone & Isen, 2011) and then
engage in intertemporal decision-making tasks.
Unfortunately, such emotional manipulations end
before decision-making tasks begin, making it
difficult for emotions to have a real-time impact
during the decision-making process. Furthermore,
given that emotional guidance requires conscious
attention, such manipulations may not be easily
applied to in real life. Understanding the real-time
influence of emotions outside the laboratory is
crucial to the discussion of the effects of incidental
emotions on intertemporal decision making.

Music can serve as a good strategy to continuously
arouse emotions (Juslin & Västfjäll, 2008; Konečni,
2008), even during decision-making tasks. The pro-
pensity to respond emotionally to music may be
innate: newborn infants prefer consonance over dis-
sonance (Trainor & Heinmiller, 1998), and by nine
months, they can discriminate between happy and
sad music (Flom et al., 2008). Moreover, the social
functions of music and the basic emotions it expresses
are recognised across cultures (Fritz et al., 2009; Mehr
et al., 2018). Most importantly, considering that music
can arouse emotions without conscious attention to
the stimulus, the use of music as an emotion
inducer represents real-life situations (Halko et al.,
2015).

To date, no study has examined the influence of
music-induced emotions on intertemporal decision
making, but some pieces of evidence prove that it
affects other decision-making processes, such as pro-
social and cooperative behaviours (Greitemeyer,
2009a, 2009b; Kniffin et al., 2017) and risk-taking
behaviours (Halko et al., 2015; Schulreich et al.,
2014). Unlike other decision-making processes,
however, the processing of intertemporal decisions
involves the comparison of different options across
the dimension of time (e.g. “today” vs. “one year
later”). Musical events unfold over time; and the
tempo, metre, and rhythm of music are closely
related to time. For example, the tempo of a musical
piece is usually described in time-related words,
such as “fast” and “slow”, and is typically measured
in beats per minute.

Fast music, associated with high subjective arousal,
is perceived to be longer than slow music (e.g. Droit-
Volet et al., 2013; Penton-Voak et al., 1996; Treisman
et al., 1990, 1992). Therefore, music-induced emotions

may affect people’s intertemporal choices via an
effect on the temporal dimension. Although compen-
satory theories suggest that people make intertem-
poral choices by weighting and summing the
information from all dimensions and assigning dis-
counted values independently to all options (e.g.
Laibson, 1997; Loewenstein & Prelec, 1992; Samuel-
son, 1937), non-compensatory theories assume that
options are not treated independently but rather
comparatively (e.g. Jiang et al., 2016; Li, 1994, 2004,
2016; Scholten & Read, 2010; Zhang, Zhou, et al.,
2018). For example, equate-to-differentiate (ETD)
theory assumes that people tend to compare the
difference between the smaller-but-sooner option
(SS) and the larger-but-later option (LL) in the payoff
dimension (Δpayoff SS,LL) and the difference in the
delay dimension (Δdelay SS,LL). Additionally, if Δpayoff

SS,LL > Δdelay SS,LL (Δpayoff SS,LL < Δdelay SS,LL), then
people will treat the smaller Δdelay SS,LL (Δpayoff SS,LL)
as if no difference exists (i.e. will equate them). In
other words, the two options are treated as if they
have a weak dominance relationship.1 Following the
weak-dominance principle, people are likely to
choose (differentiate) the option with a greater
value in the payoff dimension (LL) or the option
with a smaller delay/time in the delay dimension
(SS) than other available options (Li, 1994, 2004,
2016). If so, music-induced emotions may influence
the perception of temporal differences and thereby
affect intertemporal decision making.

The present study thus conducted three exper-
iments to examine the impact of music-induced inci-
dental emotions on intertemporal decision making.
First, the influence of music-induced happiness and
sadness on intertemporal decision making was inves-
tigated in Experiment 1 by using happy (fast major)
music, sad (slow minor) music, and white noise
(control condition) to induce the corresponding
emotions as participants completed an intertemporal
decision-making task under money-gain and -loss
conditions. To distinguish the effects elicited by
arousal and mood, the tempo (fast vs. slow) and
mode (major vs. minor) of the background music
used in Experiment 1 were selectively manipulated
in Experiments 2 and 3, respectively. We predicted
that music-induced emotions would influence inter-
temporal choice under money-gain and -loss con-
ditions, with delay perception playing a mediating
role. According to ETD theory (Li, 1994, 2004, 2016),
the greater the perceived temporal difference (Δdelay

SS,LL), the more likely participants preferred SS,
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whereas the smaller the perceived temporal differ-
ence, the more likely participants preferred LL. Given
the dissociation of mechanisms between intertem-
poral choices under money-gain and -loss conditions
reported in prior studies (e.g. Mitchell & Wilson, 2010;
Ohmura et al., 2005; Xu et al., 2009; Zhang, Xu, et al.,
2018), the patterns of effect between the two were
predicted to be different.

2. Experiment 1: effect of happy and sad
music on intertemporal decision making

Happiness and sadness are the most reliable and dis-
tinguishable musically induced emotions (Balkwill &
Thompson, 1999). In Western tonal music, they rely
on two flexible musical features: the tempo (speed
of the beat) and the mode (major or minor) (Krum-
hansl, 1997). Music with a fast tempo and in the
major mode evokes a sense of happiness, whereas
music with a slow tempo and in the minor mode
evokes a sense of sadness (Peretz et al., 1998). The
difference between happy and sad emotions can be
explained by the two dimensions of arousal and
mood: happy emotions involve high arousal and
high pleasure, whereas sad emotions involve low
arousal and low pleasure (Russell, 1980). Both dimen-
sions may explain the effects of tempo and mode in
inducing happiness and sadness because fast music
is more arousing than slow music, and major music
is more pleasant than minor music.

Experiment 1 used musical excerpts to investi-
gate the effects of music-induced happiness and
sadness on intertemporal decision making under
money-gain and money-loss conditions. Musical
excerpts that express happiness (i.e. fast tempo,
major mode) or sadness (i.e. slow tempo, minor
mode) were used as background music to induce
the corresponding emotions. White noise was
used as a control condition because it has relatively
neutral emotional characteristics (Nyklíček et al.,
1997). According to ETD theory (Li, 1994, 2004,
2016), we predicted that participants in the happy
music group (condition) perceived the delay (one
year later) to be longer in LL. Their perception
leads to larger perceived differences in the delay
dimension (Δdelay SS,LL = Δtoday, one year later); thus,
they were more likely to prefer SS than those in
the sad music and control conditions. In contrast,
participants in the sad music condition were
expected to perceive the time delay (one year
later) to be shorter in LL. Their perception leads

to a smaller perceived difference in the delay
dimension (Δtoday, one year later); thus, they were
more likely to prefer LL than those in the happy
music and control conditions.

2.1. Method

2.1.1. Participants
We applied a between-subjects design, in which par-
ticipants were randomly assigned to one of three con-
ditions: happy music, sad music, or white noise. A
priori power analysis with GPower 3.1 (Faul et al.,
2009) was conducted. A medium effect size of
emotion effect on intertemporal choices was
assumed on the basis of previous studies (Bulley
et al., 2019; Liu et al., 2013). A minimum of 159 partici-
pants were required to detect a medium-sized effect
( f = 0.25) using one-way ANOVA F-tests with 80%
power at a 5% α level. A total of 240 participants
between 18 and 57 years old were recruited. They
were randomly distributed to happy music, sad
music, and white noise groups, with 80 participants
in each group. Data from six participants were dis-
carded because the data failed to pass the logic
check (e.g. one preferred to receive ¥120 now rather
than ¥200 one year later, but preferred to receive
¥200 one year later rather than ¥130 now). The final
set of participants consisted of 234 participants (140
females, Mage = 23 years, Standard Deviation [SD] =
1.4). A sensitivity power analysis using GPower 3.1
(Faul et al., 2009), assuming two-tailed α = 0.05 and
80% power, revealed a minimum effect size of f =
0.20. Table 1 displays the participants’ demographic
characteristics. The three groups were matched in
age, years of education, and years of musical training.
All participants signed a written consent form
before the experiment and were paid for their
participation.

2.1.2. Material
2.1.2.1. Musical stimuli. Twenty-eight musical
excerpts, all piano music without lyrics, were used in
this experiment. All excerpts were selected from a pre-
vious study on music emotion (Peretz et al., 1998), and
all were Western tonal music composed during the
baroque, classical, romantic or contemporary
musical periods from around 1700 to 1900. Half of
the excerpts express happiness, and the other half
express sadness (Peretz et al., 1998). Happy excerpts
were characterised by major mode and fast tempo
(between 80 and 255 BPM), whereas sad excerpts
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were characterised by minor mode and slow tempo
(between 20 and 100 BPM). All excerpts were edited
using Adobe Audition CS6 software (Adobe Systems
Incorporated, San Jose, CA, USA) with 44.1 kHz and
16-bit resolution; the mean duration was 16 s. The
loudness was normalised with Adobe Audition CS6
at an approximate intensity of 68 dB SPL.

2.1.2.2. Intertemporal choice tasks. Two tasks were
designed to measure intertemporal decision making
under money-gain and money-loss conditions. In
the money-gain task, participants were given a
series of hypothetical choices between receiving
¥200 one year later and receiving a small amount of
money today. In the money-loss task, they were
given a series of choices between losing ¥200 one
year later and losing a smaller amount of money
today. In both tasks, the value of immediate rewards
or losses increased from ¥10 to ¥190 in ¥10 incre-
ments. In each task, different outcomes (payoffs)
were presented in the form of a list. The list consists
of 19 rows, and in each row, participants were
required to choose between SS and LL.

The conventional model of intertemporal choice
posits that the effect of delay on the subjective
value of future outcomes can be captured by a dis-
count function. The discount function is often given
as a discount factor, which is the proportion of the
value that remains after delaying an outcome over a
standard period (usually one year).

In this study, the discount factor was computed as
follows: The present subjective value was the mid-
point value at which participants switched from con-
sistently preferring variable but immediate money to
consistently preferring a fixed amount of future
money (¥200). This choice-titration procedure made
it possible to infer the discount factor. For example,
if a participant preferred to receive ¥130 now, rather
than ¥200 one year later and preferred to receive
¥200 one year later, rather than ¥120 now, then
receiving ¥125 now was assumed to be only as attrac-
tive as receiving ¥200 one year later. The subjective
value of ¥200 in one year would thus be ¥125 now.
The discount factor in this condition would therefore
be inferred as 125/200 = 0.625 by definition. If a par-
ticipant always preferred the alternative “receiving
¥200 one year later”, then the subjective value was
assumed to be ¥195 now. By contrast, if a participant
never preferred the alternative “receiving ¥200 one
year later”, then the subjective value was assumed
to be ¥5 now.

Accordingly, the discount factor in the money-loss
task was calculated in the same way. For example, if a
participant preferred to lose ¥120 now, rather than
¥200 one year later and preferred to lose ¥200 one
year later, rather than ¥130 now, a loss of ¥125 now
was assumed to be equal to a loss of ¥200 one year
later. The discount factor in this condition would
thus be 0.625, according to its definition. If one
always preferred the alternative “losing ¥200 one
year later”, then the subjective value was assumed
to be ¥5 now. If one never preferred the alternative
“losing ¥200 one year later”, then the subjective
value was assumed to be ¥195 now.

It should be noted that the discount factor differs
from the discount rate, which is another popular

Table 1. Demographic characteristics of participants in the happy music, sad music, and white noise groups.

Happy music (n = 77) Sad music (n = 77) White noise (n = 80) F p Partial η2

Sex 48F, 29M 46F, 31M 46F, 34M
Age in years (SD) 23.94 (5.42) 24.57 (7.77) 23.93 (5.73) 0.26 .771 0.002
Education in years (SD) 15.62 (3.31) 15.26 (3.50) 15.65 (3.57) 0.31 .735 0.003
Music training in years (SD) 0.49 (1.21) 0.29 (0.89) 0.50 (1.21) 0.93 .397 0.008

Note: F = female; M =male.

Figure 1. Process of the experimental programme.
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index of discounting in intertemporal choices. The dis-
count rate is positively correlated with the degree of
discounting or impatience, whereas the discount
factor is negatively correlated with it. Specifically,
the concept and the calculation indicate that the
greater the discount factor, the more likely people
prefer LL (i.e. less impatient), whereas the smaller
the discount factor, the more likely people prefer SS
(i.e. more impatient). Furthermore, given that our
intertemporal tasks involve only two time points (i.e.
“today” and “one year later”), the discount factor in
the present study reflects only one certainty equival-
ent, not a curvature over multiple delays as in a
typical intertemporal task.

2.1.2.3. Measurement of time perception. To
measure participants’ time perception, they were
asked to indicate how long or short they considered
the duration between today and one day after one
year to be on a 100-point scale (where 1 = very
short, 100 = very long).

2.1.3. Procedure
Figure 1 illustrates of the experimental programme.
Participants were randomly assigned to one of the
three different background conditions: (1) happy
music, (2) sad music, and (3) white noise conditions.
The experiment began with an evaluation of the
emotions felt by the participants. They were asked
to rate their current happy–sad emotions on a
seven-point scale (7 = very happy to 1 = very sad).
They were also required to rate the arousal (7 =
highest arousal to 1 = lowest arousal) and mood (7
= very pleasant to 1 = very unpleasant) they felt on
seven-point scales. Subsequently, background music
(or noise) was played until the end of the experiment.
In the happy and sad music conditions, excerpts were
played continuously in random order. The volume
was adjusted to the level that the participant felt com-
fortable with. Given that previous studies have
suggested that 30 s is a reasonable amount of music
listening time for emotional induction (Eerola & Vuos-
koski, 2013), background music or white noise was
played for at least 30 s before the task began.
During this time, the participants were asked to fill
out a personal information questionnaire to prevent
them from knowing the purpose of the manipulation.

To test the success of emotion induction, partici-
pants were asked to assess their current emotions a
second time after 30 s of background music or
white noise. They then performed two intertemporal

decision tasks while the music or noise continued to
play. The order of the two tasks was counterbalanced
across participants. The decision tasks were followed
by a third emotional evaluation in which the partici-
pants were asked to rate their current emotions
again. Finally, they were required to fill out another
questionnaire in which they reported on whether
and how long they had received any extracurricular
training in music, whether they were familiar with
the background music or white noise, and how
much they liked it (7 = like it very much to 1 = dislike
it very much). They were also asked to report
whether they had an idea about the purpose of the
study, and if they chose “yes”, they were asked to
report what they thought the purpose of the study
was. To exclude the potential demanding effect,
data were reanalysed after exclusion of participants
that indicated understanding of the study goal.

2.1.4. Statistical analyses
The differences between the three groups (happy
music, sad music, and white noise) were first analysed
to determine whether emotional induction was suc-
cessful. A second analysis was then performed to
determine whether differences existed in discount
factors among the three groups for each of the two
intertemporal decision-making tasks. One-way
ANOVAs were followed with multiple comparison
analysis tests for the presence of any significant
group effect. The Tukey method was adopted for all
possible simple contrasts (McHugh, 2011).

To obtain more conservative results and assess the
strength of evidence, we ran a Bayesian ANOVA analy-
sis and calculated Bayes factors (BFs) using JASP soft-
ware (van Doorn et al., 2021) with the default priors.
The BF is the ratio of the probability of one hypothesis
over another and can quantify the relative strength of
evidence for the alternative (H1) and null (H0) hypoth-
eses (Brydges et al., 2020; Love et al., 2019; Wagen-
makers et al., 2018). For example, a BF of 30 means
that the data are 30 times more likely under H1 than
under H0, providing strong evidence in support of
the presence of an effect. Typically, 1 < BF < 3 is con-
sidered weak evidence for H1, 3 < BF < 10 meansmod-
erate and BF > 10 means strong; whereas 0.33 < BF < 1
indicatesweak evidence for H0, 0.10 < BF < 0.33 means
moderate and BF < 0.10 means strong (Jeffreys, 1961;
Lee & Wagenmakers, 2014).

As mentioned above, music-induced emotions
may affect people’s intertemporal choices via an
effect on the temporal dimension. To test this
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hypothesis, the bootstrapping procedure developed
by Hayes and Preacher (2014) was applied to the
mediation analysis, with group as an independent
variable, discount factor as a dependent variable,
and time perception as a mediating variable. The
analysis was performed using Model 4 of the
PROCESS procedure for SPSS (Hayes & Preacher,
2014). Considering that the independent variable
(group) in the present experiment was multicategori-
cal, dummy codes were created for the happy and sad
music groups, whereas the white noise group was set
as the reference group in each case (Hayes & Preacher,
2014). The bootstrapping process involved 5,000
resamples, and the statistical significance of the indir-
ect paths was determined by 95% confidence inter-
vals (CIs) (Hayes & Preacher, 2014). When zero was
not within the 95% CI, the mediation test revealed a
significant difference. Familiarity and preference for
the music/noise were included in the model as covari-
ables to control for any potential effects of familiarity
and preference.

2.2. Results and discussion

The data were reanalysed after exclusion of partici-
pants that indicated understanding the purpose of
the experiment (n = 21). The reanalysis yielded
similar results (see Supplemental text for more
information).

2.2.1. Effect of music on the emotions of
participants
Figure 2 illustrates the participants’ rating scores for
emotions (happy–sad), arousal, and mood in the
three emotional evaluations (before music, with
music but before, and after tasks). There was strong
evidence against group differences in the first
emotional evaluations (all Fs < 0.73, all ps > .481, all
partial η2 < 0.006, all BFs < 0.09), but strong evidence
for differences between the three groups in the
second and third evaluations (all Fs > 32.15, all ps
< .001, all partial η2 > 0.21, all BFs > 1.576e + 10) (Sup-
plemental text, Table S1). Pairwise comparisons
revealed significant differences in emotions (happy–
sad), arousal, and mood between the three groups
at the second and third evaluations (all Fs > 5.84, all
ps < .046, all partial η2 > 0.035). However, the sad
music and white noise groups did not differ in the
third evaluation of mood (F(1, 155) = 1.68, pcorrected
= .407, partial η2 = 0.01) (Supplemental text, Table
S1). As displayed in Figure 2, participants in the

happy music group experienced higher happiness,
higher arousal, and more positive mood. In contrast,
participants in the sad music group experienced
more sadness, lower arousal, and more negative
mood.

2.2.2. Effect of music-induced emotions on
intertemporal decision making
Once the successful induction of emotions was estab-
lished, the effect of music-induced emotions on inter-
temporal decision making was investigated by
analysing the between-group differences in discount
factors. Figure 3 shows the mean discount factors
for each of the three groups in the intertemporal
decision tasks under money-gain and money-loss
conditions.

2.2.2.1. Intertemporal decision task under money-
gain conditions. One-way ANOVA was performed,
taking group as an independent variable and discount
factor as a dependent variable. As shown in Figure 3,
there was strong evidence for differences between
the happy music (Mean [M] = 0.28, SD = 0.29), sad
music (M = 0.54, SD = 0.30), and white noise (M =
0.42, SD = 0.32) groups under money-gain conditions
(F(2, 231) = 13.50, p < .001, partial η2 = 0.11, BF =
5519.97). This result suggests an effect of music-
induced emotions on the discount factors under
those conditions. Pairwise comparisons revealed
that the discount factor for the happy music group
was significantly lower than those of the sad music
(F(1, 152) = 28.66, pcorrected < .001, partial η2 = 0.16)
and white noise groups (F(1, 155) = 7.65, pcorrected
= .016, partial η2 = 0.05), and the discount factor for
the sad music group was significantly higher than
that for the white noise group (F(1, 155) = 5.78,
pcorrected = .039, partial η2 = 0.04). These results indi-
cate that participants in the happy music group pre-
ferred SS in monetary gains, whereas those in the
sad music group preferred LL in monetary gains.

2.2.2.2. Intertemporal decision task under money-
loss conditions. As illustrated in Figure 3, there was
strong evidence for differences between the happy
music (M = 0.53, SD = 0.32), sad music (M = 0.72, SD
= 0.28), and white noise (M = 0.66, SD = 0.34) groups
under money-loss conditions (F(2, 231) = 7.23, p < .001,
partial η2 = 0.06, BF = 26.00). This result suggests an
effect of music-induced emotions on the discount
factors under those conditions as well. Pairwise com-
parisons revealed that the discount factor for the
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happy music group was significantly lower than those
for the sad music (F(1, 152) = 15.21, pcorrected = .001,
partial η2 = 0.09) and white noise groups (F(1, 155) =
5.86, pcorrected = .032, partial η2 = 0.04). These results
indicate that participants in the happy music group
preferred SS in monetary losses more than those in
the sad music and white noise groups. No significant
difference was observed between the sad music and
the white noise groups under money-loss conditions
(F(1, 155) = 1.52, pcorrected = .440, partial η2 = 0.01).

2.2.3. Mediation effect of time perception
One-way ANOVA showed moderate evidence for a
group effect on time perception in subjective time
estimation (F(2, 231) = 5.38, p = .005, partial η2 = 0.05,
BF = 5.21), as the duration perceived by the happy
music group (M = 62.79, SD = 27.99) was longer than
those perceived by the sad music (M = 48.62, SD =
28.49, F(1, 152) = 9.69, pcorrected = .004, partial η2 =
0.06) and white noise (M = 53.39, SD = 25.33, F(1, 155)
= 4.88, pcorrected = .081, partial η2 = 0.03) groups.
There was also strong evidence for group differences
in familiarity (F(2, 231) = 6.47, p = .002, partial η2 = 0.05,
BF = 13.56) and preference (F(2, 231) = 59.74, p < .001,
partial η2 = 0.34, BF = 3.470e + 18), as participants
were more in favour and less familiar with happy
and sad music than with white noise (all Fs > 6.82,
all ps < .020, all partial η2 > 0.04). Nonetheless, no
difference in familiarity or preference existed
between the happy and sad music groups (all Fs <

1.30, all ps > .465, all partial η2 < 0.009) (Supplemental
text, Table S2).

Figure 4 illustrates the findings from the multica-
tegorical mediation model of intertemporal decision
making under money-gain conditions. Compared
with the white noise group, the happy music
group had a lower discount factor (B =−.20, SE
= .06, p < .001), and time perception was found to
mediate the relationship between group and dis-
count factor (indirect effect, B =−.06, SE = .03),
95% CI [−0.12, −0.02]. These results demonstrated
a negative correlation between the perceived tem-
poral difference and the discount factor: the greater
the perceived temporal difference, the more likely
people preferred SS. After time perception was con-
trolled for, the 95% CI of the direct effect (B =−.14,
SE = .05, p = .006) of the happy music group was
[−0.24, −0.04]. This result suggests that time per-
ception played a partial mediating role between
group and discount factor for intertemporal
decision making under money-gain conditions. A
post-hoc power analysis was conducted using the
application of Monte Carlo Power Analysis for Indir-
ect Effects developed by Schoemann et al. (2017;
http://marlab.org/power_mediation). We entered
correlation coefficients between X (group) and M
(time perception), r = 0.20, X (group) and Y (dis-
count factor), r =−0.29, and M (time perception)
and Y (discount factor), r =−0.48, which were
obtained from the present experiment. The results
indicate that a sample size of 234 participants

Figure 2. Group differences of the rating scores in the three evaluations of emotions (happy–sad), arousal, and mood. * p < .05; ** p < .01; ***
p < .001. Error bars indicate SE.
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reach a power of 86% for the mediation effect of
music-induced emotions on intertemporal choices
through time perception.

Compared with the white noise group, however,
participants in the sad music group did not have a
higher discount factor (B = .04, SE = .06, p = .518).
Thus, time perception failed to mediate the relation-
ship between the group and discount factor for the
sad group (indirect effect, B = .005, SE = .03), 95% CI
[−0.05, 0.06].

In the intertemporal decision-making task under
money-loss conditions, the happy music group had
a lower discount factor than the white noise group
(B =−.14, SE = .06, p = .023). However, time perception
failed to mediate the relationship between group and

discount factor for the happy group (indirect effect, B
=−.002, SE = .01), 95% CI [−0.03, 0.02]. Given that no
significant differences existed between sad music
and white noise groups under money-loss conditions
(B = .05, SE = .06, p = .418), time perception had no
mediating role (indirect effect, B = .0001, SE = .004),
95% CI [−0.01, 0.01].

In line with previous findings (e.g. Dalla Bella et al.,
2001; Khalfa et al., 2005; Peretz & Zatorre, 2005),
happy/sad background music can be used to success-
fully evoke the corresponding emotions. Consistent
with existing research (e.g. Hunter et al., 2010), this
experiment also confirmed that happy emotional
experiences correspond to higher arousal and
higher pleasure, whereas sad emotional experiences

Figure 3. Mean discount factors for the three groups in the intertemporal decision tasks under money-gain and -loss conditions. The greater
the discount factor, the more likely people prefer LL. * p < .05; ** p < .01; *** p < .001. Error bars indicate SE.

Figure 4. Multicategorical mediation model for happy and sad music on the discount factor in the money-gain intertemporal decision task
(unstandardised beta reported). * p < .05; ** p < .01; *** p < .001.

218 L. ZHOU ET AL.



correspond to lower arousal and lower pleasure. Dis-
count factors for the happy music group were found
to be significantly lower than those for the sad
music and white noise groups, indicating the effects
of music-induced emotions on intertemporal decision
making. Importantly, the experiment demonstrated a
partial mediating role of time perception between
group and discount factor for the intertemporal
decision making of the happy group under money-
gain conditions. Consistent with ETD theory (Li,
1994, 2004, 2016), this finding suggests that partici-
pants in the happy music group perceived the delay
to be longer in LL and thus were more likely to
prefer SS than the participants in the other groups.

Although Experiment 1 revealed the effect of
music-induced incidental emotions on intertemporal
decision making, one could ask specifically which fea-
tures of the music and corresponding emotional
effects were responsible for the effect on intertem-
poral decision making. Specifically, tempo and mode
(and their corresponding emotional characteristics)
might have different effects on intertemporal decision
making. Thus, Experiments 2 and 3 were conducted to
distinguish the emotional effects of tempo and mode.

3. Experiment 2: effect of tempo-induced
emotions on intertemporal decision
making

To investigate the effects of tempo-induced incidental
emotions on intertemporal decision making, the
mode of all music excerpts in Experiment 1 was
reversed; hence, their original emotional character-
istics were expressed by tempo, rather than mode.
Participants were randomly assigned to one of the
two background conditions: fast or slow music.
Tempo manipulation has a strong and reliable
impact on listeners’ changes in arousal, whereas it is
not associated with changes in mood (Husain et al.,

2002). Tempo manipulation was thus expected to
result in variations in arousal, which, in turn, might
influence intertemporal decision making under
money-gain and money-loss conditions. Time percep-
tion was also expected to play a mediating role
between tempo-induced emotions and intertemporal
decision making.

3.1. Method

3.1.1. Participants
A priori power analysis conducted using GPower 3.1
(Faul et al., 2009) indicated that at least 128 partici-
pants were required to detect a medium-sized effect
(d = 0.5) using independent sample t-tests with 80%
power at a 5% α level. A total of 160 participants
who did not participate in Experiment 1 were
recruited. They were randomly distributed to fast
and slow tempo conditions, with 80 participants in
each condition. Data from seven participants were
discarded because the data failed to pass the logic
check. The final set of participants thus consisted of
153 individuals (104 females, Mage = 21.34 years, SD
= 4.92). A sensitivity power analysis using GPower
3.1 (Faul et al., 2009), assuming two-tailed α = 0.05
and 80% power, revealed a minimum effect size of
d = 0.45. Table 2 shows the participants’ demographic
characteristics. The two groups were matched in age,
years of education, and years of musical training. All
participants signed a written consent form before
the experiments and were paid for their participation.

3.1.2. Stimuli and procedure
The stimuli for this experiment were 14 musical
excerpts played in fast tempi and 14 excerpts played
in slow tempi. They were generated by electronically
manipulating the 28 musical excerpts used in Exper-
iment 1 to create a mode inversion from major to
minor and vice versa (see Peretz et al., 1998 for
more details). Although the mode information of the
musical excerpts was inverted, their tempo character-
istics were retained. That is, the 14 music excerpts that
originally expressed happiness were still in fast tempi
(between 80 and 255 BPM), whereas the other 14
music excerpts that originally expressed sadness
were in slow tempi (between 20 and 100 BPM).

The intertemporal choice tasks, time perception
measurements, experimental procedures, and statisti-
cal analyses were similar to those of Experiment 1.

Table 2. Demographic characteristics of participants in the fast and
slow tempo groups.

Fast tempo
(n = 75)

Slow tempo
(n = 78) t p d

Sex 48F, 27M 56F, 22M
Age in years
(SD)

20.99 (4.39) 21.68 (5.40) 0.87 .386 0.14

Education in
years (SD)

14.17 (2.50) 14.31 (2.72) 0.32 .751 0.05

Music training
in years (SD)

0.74 (1.97) 0.64 (1.54) 0.35 .729 0.05

Note: F = female; M =male.

COGNITION AND EMOTION 219



3.2. Results and discussion

The data were reanalysed after exclusion of partici-
pants that indicated understanding the goal of the
experiment (n = 10). The reanalysis yielded similar
results (see Supplemental text for more information).

3.2.1. Effect of music tempo on the emotions of
participants
Figure 5 displays the participants’ rating scores for
emotions (happy/sad), arousal, and mood in the
three emotional evaluations (before music, with
music but before, and after tasks). As illustrated in
Figure 5, although moderate evidence against the
group difference in arousal ratings was observed for
the first emotional evaluations (t(151) = 0.46, p = .645,
d = 0.08, BF = 0.19), there was strong evidence to
support that the fast tempo group experienced
higher arousal than the slow tempo group on the
second (t(151) = 3.98, p < .001, d = 0.64, BF = 195.95)
and third (t(151) = 3.20, p = .002, d = 0.52, BF = 17.66)
evaluations (Supplemental text, Table S3). Moreover,
moderate evidence against group differences in
emotion and mood ratings was observed for each of
the three evaluations (all ts < 1, all ps > .322, all ds <
0.17, all BFs < 0.28) (Supplemental text, Table S3).
These results suggest that the tempo manipulation
of the musical excerpts evoked the predicted
changes in emotional arousal without affecting happi-
ness/sadness or mood.

3.2.2. Effect of tempo-induced arousal on
intertemporal decision making
Figure 6 presents the mean of the discount factors
for both groups in the intertemporal decision
making task under money-gain and money-loss
conditions. For the money-gain decision task, a
Bayesian independent samples t test showed
strong evidence for the group difference (t(146.87)
= 3.11, p = .002, d = 0.50, BF = 13.81), as discount
factors were lower for the fast tempo group (M =
0.35, SD = 0.34) than for the slow tempo group
(M = 0.51, SD = 0.30) (Figure 3). This result indicates
that participants in the fast tempo group preferred
SS in monetary gains more than those in the slow
tempo group. For the money-loss decision task,
however, there was moderate evidence against
the difference between the fast (M = 0.62, SD =
0.34) and the slow (M = 0.62, SD = 0.33) tempo
groups (t(151) = 0.03, p = .973, d = 0.006, BF = 0.17).
This finding suggests that tempo-induced arousal

did not influence intertemporal decision making
under money-loss conditions.

3.2.3. Mediation effect of time perception
Moderate evidence for a group effect on time percep-
tion was observed (t(151) = 2.87, p = .005, d = 0.46, BF =
7.22), as the average duration perceived by the fast
tempo group (M = 70.01, SD = 23.91) was significantly
longer than that for the slow tempo group (M = 57.94,
SD = 27.93). Furthermore, there was moderate and
weak evidence against the group differences in
music familiarity (t(151) = 0.76, p = .449, d = 0.13, BF =
0.23) and music preference (t(144.17) = 1.55, p = .124,
d = 0.25, BF = 0.52), respectively (Supplemental text,
Table S4).

Figure 7 shows the findings from the mediation
model of the group effect on discount factors in inter-
temporal decision making under money-gain con-
ditions. The fast tempo group had a lower average
discount factor than the slow tempo group (B = .15,
SE = .05, p = .004), and time perception mediated the
relationship between music tempo and discount
factor (indirect effect, B = .07, SE = .03), 95% CI [0.02,
0.13]. After time perception was controlled for, the
95% CI of the direct effect (B = .09, SE = .05, p = .07)
of the music tempo was [−0.01, 0.18], indicating that
time perception played a fully mediating role
between music tempo and the discount factor for
intertemporal decision making under money-gain con-
ditions. A post-hoc power analysis was conducted. Cor-
relation coefficients between X and M, r =−0.23, X and
Y, r = 0.25, and M and Y, r =−0.48, were obtained from
the present experiment. The results showed that a
sample size of 153 participants reach a power of 85%
for the mediation effect of tempo-induced arousal on
intertemporal choices through time perception.

Consistent with previous studies (e.g. Husain et al.,
2002), music tempo manipulation was found to suc-
cessfully evoke changes in arousal, rather than in
mood. Furthermore, participants in the fast tempo
group had a stronger preference for SS in monetary
gains than those in the slow tempo group, suggesting
an effect of tempo-induced arousal on intertemporal
decision making under money-gain conditions. This
effect was attributable to changes in subjective time
estimation. These results are consistent with a recent
study (Kim & Zauberman, 2019), which have demon-
strated that participants who listened to fast (vs.
slow) tempo music became more impatient when con-
sidering a gift certificate and that this effect was
attributable to the change in their temporal distance
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judgement. This finding also implies that the influence
of music-induced emotions found in Experiment 1 on
intertemporal decision making can be partly explained
by music tempo and its arousal effect.

4. Experiment 3: effect of mode-induced
emotions on intertemporal decision
making

The third experiment investigated the effects of
mode-induced incidental emotions on intertemporal
decision making under money-gain and money-loss
conditions. The mode information of the music
excerpts in Experiment 1 was retained, but the
tempo was altered. Participants were randomly
assigned to one of the two background conditions:
major or minor music. Mode manipulation has a
robust and reliable impact on listeners’ mood
changes, but it is not associated with changes in
arousal (Droit-Volet et al., 2010; Husain et al., 2002).
Therefore, mode manipulation was expected to
result in changes in mood, which, in turn, could
influence intertemporal decision making. Time per-
ception was also expected to play a mediating role
between mode-induced emotions and intertemporal
decision making.

4.1. Method

4.1.1. Participants
A total of 160 participants who did not participate in
Experiments 1 and 2 were recruited. They were

randomly distributed to major and minor music con-
ditions, with 80 participants in each condition. Data
from one participant were discarded because the
data failed to pass the logic check. The final set of par-
ticipants consisted of 159 individuals (99 females,
Mage = 21.32 years, SD = 5.13). A sensitivity power
analysis using GPower 3.1 (Faul et al., 2009), assuming
two-tailed α = 0.05 and 80% power, revealed a
minimum effect size of d = 0.44. Table 3 presents
the participants’ demographic characteristics. The
major and minor music groups were matched in
age, years of education, and years of musical training.
All participants signed a written consent form before
the experiments and were compensated for their
participation.

4.1.2. Stimuli and procedure
The stimuli for this experiment were 14 musical
excerpts in the major mode and 14 excerpts in the
minor mode. Specifically, the 28 musical excerpts
used in Experiment 1 were manipulated electronically
to create neutralised tempo versions, which were
accomplished by adjusting all tempi to the median
(with the quarter note = 84 M.M.) of all original
tempi (see Peretz et al., 1998 for more details).
Although the tempi of the musical excerpts were nor-
malised, their mode information (major or minor) was
retained. That is, the 14 music excerpts that originally
expressed happiness were still in a major mode,
whereas the other 14 music excerpts that originally
expressed sadness were still in a minor mode.

Figure 5. Mean rating scores in the three evaluations of emotions (happy/sad), arousal, and mood for the fast and slow tempo groups. ** p <
0.01; *** p < 0.001. Error bars indicate SE.
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The intertemporal choice tasks, time perception
measurements, experimental procedures, and statisti-
cal analyses were all similar to those of Experiment 1.

4.2. Results and discussion

The data were reanalysed after exclusion of partici-
pants that indicated understanding of the study
goal (n = 14). The reanalysis yielded similar results
(see Supplemental text for more information).

4.2.1. Effect of music mode on the emotions of
participants
Figure 8 shows the participants’ rating scores for
emotions (happy/sad), arousal, and mood in the
three emotional evaluations (before music, with
music but before, and after tasks). As illustrated in
Figure 8, although moderate evidence against the
group difference in mood ratings was observed for
the first emotional evaluations (t(157) = 0.43, p = .67,
d = 0.07, BF = 0.18), there was strong evidence to

Figure 6. Mean discount factor for the fast and slow tempo groups in the intertemporal decision-making tasks under money-gain and -loss
conditions, respectively. ** p < 0.01. Error bars indicate SE.

Figure 7. Mediation model for music tempo on the discount factor in the intertemporal decision task under money-gain conditions (unstan-
dardised beta reported). ∼ p < .1; ** p < .01; *** p < .001.
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support that the major group was more pleasant than
the minor group on the second (t(157) = 3.18, p = .002,
d = 0.50, BF = 16.42) and third (t(157) = 3.02, p = .003, d
= 0.48, BF = 10.72) evaluations (Supplemental text,
Table S5). Moreover, no group differences were
found in emotion and arousal ratings for each of the
three evaluations (all ts < 1.48, all ps > .141, all ds <
0.24, all BFs < 0.47) (Supplemental text, Table S5).
These results suggest that the mode manipulation
of musical excerpts evoked the desired changes in
mood.

4.2.2. Effect of mode-induced mood on
intertemporal decision making
Figure 9 displays the mean of the discount factor for
both groups in the intertemporal decision tasks
under money-gain and money-loss conditions. For
the money-gain decision task, although the major
group (M = 0.38, SD = 0.31) trended toward lower dis-
count factors than the minor group (M = 0.46, SD =
0.31), there was weak evidence against a group
effect (t(157) = 1.58, p = .116, d = 0.26, BF = 0.54). Simi-
larly, for the money-loss decision task, there was
weak evidence against the difference between the
major (M = 0.68, SD = 0.33) and the minor (M = 0.74,
SD = 0.28) groups (t(157) = 1.33, p = .184, d = 0.20, BF
= 0.39). These results suggest that mode-induced
mood did not have an influence on intertemporal
decision making under either money-gain or money-
loss conditions. Furthermore, there was moderate evi-
dence against group differences in subjective time
estimation (t(157) = 0.74, p = .463, d = 0.12, BF = 0.22),
music familiarity (t(157) = 0.05, p = .964, d = 0.007, BF
= 0.17), and music preference (t(142.74) = 1.15, p
= .251, d = 0.18, BF = 0.31) (Supplemental Text, Table
S6).

Consistent with previous studies (e.g. Droit-Volet
et al., 2010; Husain et al., 2002), the mode manipu-
lation in the present experiment successfully evoked

changes in mood, rather than in arousal. However,
the present experiment found that mode-induced
mood did not have an influence on intertemporal
decision making. This might be partly due to the
fact that music mode has little influence on time per-
ception (e.g. Bueno & Ramos, 2007; Droit-Volet et al.,
2010, 2013). These results imply that that mode and
the changes in mood it evokes have less influence
on intertemporal decisions than do tempo and the
associated changes in arousal.

5. General discussion

Experiencing music has a strong emotional com-
ponent (Sloboda, 1991). The study used different
types of background music to investigate the effects
of music-induced incidental emotions on intertem-
poral decision making under money-gain and
money-loss conditions. In Experiment 1, happy (fast
tempo, major mode) and sad (slow tempo, minor
mode) music successfully evoked the predicted
emotions of happiness and sadness, which, in turn,
affected the discount factors in the intertemporal
decision-making tasks via a mediating effect of time
perception. Specifically, participants in the happy
music group perceived the time delay between
immediate and deferred rewards to be longer and
thus had a stronger preference for SS in monetary
gains than did participants in the other groups. For
an in-depth understanding of this effect, tempo
(Experiment 2) and mode (Experiment 3) were
manipulated to further investigate their impact on
intertemporal decision making. Tempo manipulations
affected arousal but not mood, whereas mode manip-
ulations affected mood but not arousal. However,
only tempo and the arousal it induced affected inter-
temporal choice under money-gain conditions, with a
mediating role for time perception. To our knowl-
edge, this study is the first to investigate the effects
of music-induced emotions on intertemporal decision
making, providing evidence in support of non-com-
pensatory theories in intertemporal choices, such as
ETD theory (Li, 1994, 2004, 2016).

The main contribution of this research is to show
the real-time impact of music-induced incidental
emotions on the discount factors of intertemporal
decision making. Consistent with previous studies
examining the effects of viewing affective pictures
on intertemporal decision making (e.g. Sohn et al.,
2015), this study reveals that high arousal induced
by music makes people impatient when making

Table 3. Demographic characteristics of participants in the major and
minor music groups.

Major (n =
80)

Minor (n =
79) t p d

Sex 52F, 28M 47F, 32M
Age in years
(SD)

20.74 (3.71) 21.91 (6.21) 1.44 .156 0.23

Education in
years (SD)

14.09 (1.69) 14.24 (2.84) 0.41 .681 0.06

Music training in
years (SD)

0.52 (1.41) 0.63 (1.64) 0.47 .639 0.07

Note: F = female; M =male.
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intertemporal choices. Unlike previous studies, the
current research also presents the emotional stimulus
(i.e. background music) throughout the process of
intertemporal decision making, ensuring that music-
induced emotions can influence decision making in
real time. The results of the emotional evaluations

also demonstrated a stable emotional response to
music. Therefore, our findings are consistent with
those of previous studies (Greitemeyer, 2009a,
2009b; Halko et al., 2015; Kniffin et al., 2017; Schulreich
et al., 2014), confirm that music is a reliable emotion-
inducing stimulus that can influence decision making.

Figure 8. Mean rating scores in the three evaluations of emotions (happy/sad), arousal, and mood for the major and minor groups. ** p < .01.
Error bars indicate SE.

Figure 9. Mean discount factor for the major and minor groups in the intertemporal decision tasks under money-gain and -loss conditions,
respectively. Error bars indicate SE.
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Our results further extend this conclusion to the realm
of intertemporal decision making.

Compensatory theories assume that people first
weigh and sum the information of all dimensions for
each option independently and then compare the dis-
counted values (e.g. Laibson, 1997; Loewenstein &
Prelec, 1992; Samuelson, 1937). Based on this assump-
tion, the perception of the time difference between
“today” and “one year after” (i.e, Δdelay SS,LL) in the
study should not have affected intertemporal
choices. However, the greater the difference in time
perception, the more likely the participants were to
choose SS. This finding can be satisfactorily explained
by non-compensatory theories. According to EDT
theory (Li, 1994, 2004, 2016), when the perceived
time differences are enlarged, participants may
equate the outcome dimension and leave the tem-
poral dimension as the determinant dimension and
then select the superior option (i.e. “today” in the
present study) in the determinant dimension. In line
with EDT theory, our findings suggest that intertem-
poral choice may not depend on a weighting-and-
adding process, but may be based on a heuristic
process that is predicted by non-compensatory
theories.

Our findings also support the dual systems theory
of intertemporal choice (Figner et al., 2009; McClure
et al., 2004; Metcalfe & Mischel, 1999), which predicts
that high emotional arousal can increase the engage-
ment of the “hot” system, resulting in steep discount-
ing. Experiments 1 and 2 presented background
music with high arousal (resulting from a fast
tempo) to make participants impatient when
making intertemporal choices. In contrast, when
arousal was controlled, the differences in mood
were not sufficient to cause changes in intertemporal
choices. Therefore, our findings disentangle the
effects of arousal and mood with regard to their
impact on intertemporal choices.

This study distinguishes the roles of tempo and
mode in the effects of happy/sad emotions on inter-
temporal choices. Given that intertemporal choices
were regulated by tempo-induced arousal rather
than mode-induced mood, tempo was mainly respon-
sible for the effect found in Experiment 1. This con-
clusion not only confirms the effect of arousal on
intertemporal decision making, but also suggests
that tempo exerts a greater effect on emotional
changes than mode (Khalfa et al., 2005). Consistent
with previous studies (e.g. Bueno & Ramos, 2007;
Droit-Volet et al., 2010, 2013), tempo, but not mode,

affected time perception in the present study.
However, time perception was found to only partially
mediate the effect of happy/sad music on intertem-
poral choices under money-gain conditions, although
it fully mediated the effect of tempo. This finding
suggests that the effects of happy/sad emotions on
intertemporal choices under money-gain conditions
cannot be fully attributed to time perception, and
that tempo cannot fully explain the effect of happy/
sad music. Music has various acoustic and structural
characteristics. Future research should focus on
other acoustic or structural features of music to fully
reveal the mechanisms underlying the effect of
music on intertemporal decision making.

The emotional effects of music on intertemporal
choices differ in the gain and loss situations. Specifi-
cally, in this study, time perception was observed to
mediate the effects of happy/sad emotions on inter-
temporal choices involving gains, but not losses.
Given that the investigation of time perception in
this research was mainly related to the manipulation
of tempo, it should be attributed to the finding that
intertemporal choices involving losses are less
affected by tempo than those involving gains.
Although tempo-induced arousal influenced inter-
temporal choices involving gains, it did not affect
intertemporal choices for the losses. The psychologi-
cal impact of delayed losses is larger than that of
delayed gains of the same size, and the subjective
values of losses are less influenced by delay than
the values of gains (Frederick et al., 2002; Loewenstein
& Prelec, 1992). Consequently, people may be cau-
tious and conservative in choosing to delay their
losses, resulting in reduced effects of music-induced
emotions on intertemporal choices under money-
loss conditions.

Given that some emotional disorders are associ-
ated with differences in discounting compared with
healthy controls, our findings may help shed light
on the mechanisms underlying these atypical
decision-making behaviours. For example, individuals
with major depressive disorder (Engelmann et al.,
2013; Imhoff et al., 2014; Takahashi et al., 2008) and
high trait anxiety (Rounds et al., 2007; Xia et al.,
2017; Zhao et al., 2015) exhibited greater delay dis-
counting in intertemporal choices, in comparison to
healthy controls. Given the suggestive role of
emotional arousal in intertemporal choices, as
revealed in the present study, the impulsive prefer-
ences for SS in individuals with emotional disorders
may be related to their elevated emotional arousal.
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Indeed, people with depression and/or anxiety
showed dysfunctional emotional processing and
increased arousal experience (e.g. Wenzler et al.,
2017), which may be related to their abnormalities
in activating arousal-related brain areas such as right
hemisphere hyperactivation (Bruder et al., 1997).
Future studies may investigate whether the anomaly
of discounting in intertemporal choices is related to
the abnormal activity of the brain regions involved
in emotional arousal.

A potential limitation of this study was that
hypothetical scenarios were used in the decision
tasks. The participants’ involvement might be rela-
tively low because the choices they make have no
real consequences for gains or losses. The effect of
music-induced emotions on intertemporal choices
may be pronounced if there are actual consequences.
We cannot rule out this possibility although previous
research indicates that hypothetical and actual
rewards lead to similar patterns of temporal discount-
ing (Johnson & Bickel, 2002; Madden et al., 2003).
Indeed, in the present study, there was weak evidence
against the mood effect on the discount factors under
money-gain and money-loss conditions. Although
strong evidence for the arousal effect was revealed
in the same hypothetical scenario, future studies
should further examine the role of mode-induced
mood on intertemporal choices by using more sensi-
tive experimental designs.

In conclusion, the effects of music-induced inci-
dental emotions on intertemporal decision making
were investigated by manipulating musical stimuli
and measuring changes in emotional states. Our
findings reveal that music-induced happiness or
high-arousal emotions make people perceive delays
as being longer and thus lead them to prefer
smaller but immediate rewards. As one of the major
structural determinants of musical emotions,
however, tempo and the arousal it induced affected
gain-related but not loss-related intertemporal
choices. These findings complement previous
studies on the influence of incidental emotion on
intertemporal decision making, including research
on the link between music and human decision-
making behaviours. The study also suggests that
music can be an effective intervenient variable over
intertemporal choices and thus can create a new
form of emotional intervention in choice architecture
to nudge people toward improved decisions by
organising the context in which people make
decisions (He et al., 2018; Thaler & Sunstein, 2008).

Note

1. Weak dominance states that if Option A is at least as
good as Option B in all dimensions, and Option A is
definitely better than Option B in at least one dimension,
then Option A will dominate Option B (cf. Lee, 1971; von
Winterfeldt & Edwards, 1986).
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