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A B S T R A C T

Mental health problems are common during the transition from adolescence to young adulthood. Previous studies
reported that rhythmic music plus aerobic exercise can have a beneficial effect on emotional state. We examined
whether the beneficial effect differed between aerobic exercise interventions with or without rhythmic music. A
sample of 94 college students who either had no depressive symptoms (n ¼ 47) or minimal depressive symptoms
(n ¼ 47) underwent 30-min interventions in a randomized and counterbalanced order: rest, rhythmic music,
aerobic exercise and aerobic exercise plus rhythmic music. Response time and accuracy of selective attention to
positive and negative images were recorded using the spatial cueing paradigm. Participants’ heart rate during all
conditions and perceived exertion after each condition were measured to clarify physiological and perceptual
responses, respectively. The results revealed that a multimodal intervention combining aerobic exercise and
rhythmic music had a significant facilitatory effect on attentional bias to positive emotional cues in minimal
depressive participants (t ¼ �2.336, p ¼ 0.024), including less perceived exertion and higher heart rate after/
during the intervention process. The single-modality intervention of aerobic exercise had significant positive
effects for individuals with no depressive symptoms (t ¼ �2.510, p ¼ 0.016). The multimodal intervention was
more effective than the single-modality intervention for individuals with minimal depressive symptoms, but the
single-modality aerobic exercise intervention was more effective for individuals with no depressive symptoms,
providing new evidence for the specificity of the intervention effect for people with different degrees of depressive
symptoms.
Introduction

Mental health problems are common during the transition from
adolescence to young adulthood.1 College students typically undergo a
critical transition period from family life with parents to an independent
lifestyle, resulting in changes in psychological and cognitive character-
istics.2 This transition period has been suggested to put college students
at an increased risk of mental disorders, such as depression.3 Depressive
symptoms occur more frequently in the early years of undergraduate
study.4 Effective interventions for prevention and intervention may
protect against unhealthy emotional symptoms during this transition
period.

A large number of studies have examined emotional regulation in
patients with depression. For example, exercise, music, and video stimuli
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were all reported to be effective for regulating depression.5–7 However,
emotional attention characteristics changed gradually with the illness
course of depression.8 Even minimal symptoms of depression increase
mortality risk after acute myocardial infarction.9 Analysis of the differ-
ence in intervention effects between different emotional states is helpful
for selecting targeted intervention approaches in specific stages of mental
illness.10 Therefore, in the early stages of depression, timely and effective
intervention may be beneficial for controlling the course of the disease.

A single aerobic exercise session has been reported to be an effective
approach for increasing emotional regulatory capacity among in-
dividuals at risk of, or currently experiencing, depression,7 and music is
reported to have beneficial effects for short- and medium-term depres-
sion symptoms.6 Multimodal interventions, such as combined video and
music stimuli,5 or adding music to traditional treatment,11 have been
reported to have more beneficial effects on emotional regulation than
e).
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Abbreviations

ANOVA analysis of variance
BDI Beck Depression Inventory
BL baseline
BMI body mass index
BPM beats per minute
CAPS Chinese affective picture system
EI exercise intervention
EM exercise plus music intervention
HR heart rate
kg.m-2 kilograms per meter squared
MDS minimal depressive symptoms
MI music intervention
NDS no depressive symptoms
RPE rate of perceived exertion
V_O2max maximal oxygen consumption

Table 1
Participant demographics.

None depressive
symptom

Minimal depressive
symptoms

No. of participants (% of
males)

47(80.85%) 47(78.72%)

Mean age (years) 19.66 � 0.92 19.96 � 0.83
BMI (kg.m�2) 21.16 � 1.40 21.58 � 1.64
V_O2max 46.39 � 8.65 46.70 � 7.59
Anxiety score 41.09 � 6.36 42.96 � 6.78
Depression score 1.26 � 1.553 7.72 � 2.36*

*p < 0.05.
Abbreviations: BMI, body mass index; kg.m�2, kilograms per meter squared;
V_O2max, maximal oxygen consumption.
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single-modality interventions. Unfortunately, few studies have examined
the impacts of multimodal interventions, such as the effects of combining
exercise and music on emotional regulation in new college students with
minimal depressive symptoms.

Impaired cognitive control in response to emotional information
plays a critical role in the development and maintenance of depression
and underlies emotion regulation problems that characterize depressed
individuals.12 Evidence suggests that early improvements in emotional
processing, a commonly observed cognitive deficit in depression, can
predict later clinical responses to interventions.13 Therefore, emotional
processing could be used to examine responses to emotional information.
Individuals who are attending to the regulation of their emotional state
generally pay less attention to negative than positive images,14 whereas
those in negative emotional states exhibit enhanced attention to negative
events.15 Attentional processes controlling spatial cueing effects may be
stimulus-driven,16 and can be modulated by emotional cues,17 suggesting
that the emotional-spatial cueing task could potentially be used to detect
selective attentional changes after psychophysiological modulation. The
emotional-spatial cueing task was applied to detect selective attentional
bias to positive and negative information in college students with opti-
mistic and pessimistic attributional styles.18 Thus, this method could
potentially be used to reveal the characteristics of attentional bias to
emotional information after interventions.

Using the spatial cueing paradigm, the response time and accuracy of
selective attention in relation to positive and negative images were
recorded in new college students after 30 min of rest, rhythmic music,
aerobic exercise, and aerobic exercise plus rhythmic music interventions.
We sought to address the following research questions: (1) Does multi-
modal intervention comprising physiological exercise combined with
auditory stimulation and single modality interventions have disparate
effects on new college students with minimal depressive symptoms? (2)
Does a multimodal intervention cause less exercise fatigue than each
single-modality intervention alone?

Materials and methods

Participants

We recruited 103 new college students to participate in this study. All
participants were right-handed and had a normal or corrected-to-normal
vision. All participants were free from negative lifestyle characteristics,
major neurological disorders, medical problems, psychiatric disorders,
medication, and regular exercise habits at the time of the experimental
period. In addition, all participants were receptive to strong rhythmic
music and 30 min of exercise through the Physical Activity Readiness
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Questionnaire, which is designed to provide sufficient pre-activity
screening to detect potential risk factors that might be exacerbated by
acute exercise. Participants who did not meet the requirements above
were excluded. The study procedure complied with the directives of the
Helsinki Declaration. Participants were informed about the study and the
experimental procedures before they signed an informed consent form.
All participants provided written informed consent via a process that was
approved by the Institutional Review Board of Shangrao Normal
University.

To examine participants’ personality characteristics and emotional
state, all participants were required to complete the trait anxiety subscale
of the State-Trait Anxiety Inventory (STAI),19,20 and the Beck Depression
Inventory (BDI)-II.21,22 According to the cut-off scores on the BDI-II
suggested by Beck, scores of less than 5 indicate an absence of depres-
sion, scores of 5–13 indicate minimal depression, scores of 14–19 indi-
cate mild depression, scores of 20–28 indicate moderate depression, and
scores over 28 indicate severe depression.21 Five participants were
excluded from further procedures because their BDI scores were higher
than 14, and four participants withdrew from the study because they did
not complete the procedures. Valid data were obtained from 94 partici-
pants who completed the whole study. Therefore, 47 participants were
allocated to a group with no depressive symptoms (NDS, BDI�4), and 47
participants were allocated to a group with minimal depressive symp-
toms (MDS, 5 � BDI �13) (Table 1). All the intervention and behavioral
tests were designed to be double-blind so that the experimenters and
participants understood the experimental procedures but not the purpose
of the study.
Interventions

The present study applied a within-subjects design with a counter-
balanced order to minimize learning effects. Attentional bias was
examined individually in the laboratory while participants performed an
emotional information task in four separate sessions with a 7-day inter-
val. The sessions took place at the same time of day at each visit. The
baseline (BL) session consisted of 30 min of quiet rest while seated. The
music intervention (MI) session included 30 min of music listening,
consisting of eight pieces of strongly rhythmic instrumental music with
an average tempo of 128.01 bpm (beats per minute) in a randomized
order. The eight pieces of music were downloaded from a music web-
site,23 and the identification numbers for the music pieces were 107566,
129299, 159352, 159911, 159913, 160189, 160239, 160240 on the
website. The exercise intervention (EI) session comprised a 5-min
warm-up period followed by cycling exercise for 20 min and a 5-min
cool-down period. The exercise plus music intervention (EM) session
combined both MI and EI simultaneously. The intensity of acute aerobic
exercise was set at 60%–70% of the estimated maximal heart rate
(calculated as 220 minus age, approximately 120–140 bpm). The par-
ticipant's heart rate was assessed with a heart rate monitor (Polar Team 2,
Finland) during MI, EI and EM, with the sampling rate set to one sample
per second throughout the experimental process. The mean, maximum
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and coefficient variation of heart rate were calculated during 30 min of
the MI, EI, and EM interventions.

Perceptual measurement

The rate of perceived exertion (RPE) Omni scale was used as a mea-
sure for quantifying the perceived load imposed by the exercise session in
the experimental conditions.24 The RPE has been widely employed in the
field of sport and exercise science as a means of measuring exertion re-
sponses (e.g., limb discomfort and breathlessness).25 The values for
perception were presented as scores out of 11 points (0–10), in which
zero indicates that participants perceived the task as extremely easy and
10 indicates a maximal level of effort. Some participants felt fatigued
during 30 min of cycling, and needed to be encouraged to reach the
target heart rate. Participants were asked to complete the RPE Omni scale
immediately after each intervention session, to evaluate their effort
during the music, exercise, and exercise combined with music
interventions.

Attentional bias measures

Following each intervention session, participants were instructed to
conduct the attentional bias task within 15 min. The spatial cueing
paradigmwas programmed using E-Prime 2.0 to assess attentional bias to
emotional information. Participants were told that they would be
watching pictures on a computer monitor located approximately 70 cm in
front of their eyes. The stimulus presentation procedure was as follows
(Fig. 1A).

At the beginning of each trial, a black cross (0.7 cm � 0.7 cm) on a
white background was presented at the center of the screen for a random
duration between 500 and 1000 ms. An emotional image (positive or
negative) was then presented for 200 ms randomly at either the left or
right side of the fixation cross, and served as a location cue. If the target
stimuli appeared on the same side as the cue, it was called a valid cue
presentation; if the target stimuli appeared on the opposite side with the
cue, it was considered an invalid cue presentation (2/3 were valid cues
and 1/3 were invalid cues). The center of the cue was located at the same
Fig. 1. Schematic of the cue-target paradigm.
(A) An example of the sequence of the invalid positive emotional cue experimental
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horizontal level with the fixation black cross. The vertical visual angle of
7.4� and the horizontal angle of 9.8� of the cue was set from the partic-
ipant's perspective (Fig. 1B). After providing the cue image, the fixation
cross appeared for 100 ms, and the target point located at the same
horizontal level with the black cross was presented for 200 ms randomly
at either the left or the right side of the fixation cross (Fig. 1C). Partici-
pants were instructed to press the “F” or “J” key on the keyboard using
their index finger according to the position of the target point as quickly
and accurately as possible. The screen was cleared when a key was
pressed by the participant; otherwise, the black cross remained for a
maximum of 1500 ms after the offset of the target point.18,26

Emotional images

A series of 240 images were selected from the Chinese Affective
Picture System (CAPS)27 as the experimental stimuli, including 120
positive and 120 negative pictures. Because the main goal of our study
was to investigate the impacts of the interventions on selective attention
to emotional categories (negative vs. positive pictures), we deliberately
did not include neutral pictures in the procedure. Before the formal
experiment, participants were allowed to practice the cue-target experi-
ment until they were familiar with the procedural rules. The pictures
used in the practice stage were not reused in the formal experiment. The
whole experiment consisted of 240 trials, and the ratio of valid trials to
invalid trials was 2:1. A break was given after 80 trials.

Statistical analysis

Trials with errors and response times that were more than three
standard deviations from the mean were discarded (approximately 2% of
all observations).28 The maximum, mean, and coefficient of variation of
the heart rate and the RPE score were analyzed using two-way analysis of
variance (ANOVA) with the factors “intervention” (BL, MI, EI and EM)
and “group” (no depressive symptoms, NDS vs. minimal depressive
symptoms, MDS). The response time and accuracy were statistically
analyzed using a four-way repeated-measures ANOVA with the variables
“group” (NDS vs. MDS), “cue” (valid vs. invalid), “image” (positive vs.
procedure; (B) four emotional cue conditions; and (C) target condition.



Table 2
Heart rate and RPE score about the three interventions (mean � SD).

None depressive
symptom

Minimal depressive
symptoms

Mean HR(bpm) MI 71.76 � 6.69 72.21 � 6.99
EI 134.84 � 9.04 134.77 � 6.17
EM 136.32 � 5.81 137.03 � 5.80

Maximum HR(bpm) MI 94.49 � 9.17 93.83 � 9.08
EI 153.96 � 11.83 151.81 � 8.27
EM 155.03 � 11.03 153.81 � 10.27

Coefficient variation of
HR

MI 0.08 � 0.03 0.07 � 0.02

EI 0.05 � 0.03 0.05 � 0.02
EM 0.05 � 0.02 0.04 � 0.02

RPE score MI 1.70 � 1.55 1.72 � 1.28
EI 4.00 � 1.85 3.32 � 1.85
EM 3.49 � 1.90 2.96 � 1.57

BDI score MI 1.30 � 1.23 7.32 � 2.26
EI 1.49 � 1.71 7.40 � 2.53
EM 1.96 � 1.60 6.62 � 2.37

Abbreviations: BDI, Beck Depression Inventory; HR, heart rate; MI, music
intervention; EI, exercise intervention; EM, exercise plus music intervention;
RPE, rate of perceived exertion.
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negative), and “intervention” (BL, MI, EI and EM).
Both main effects and interactions were examined. Simple and

simple-simple effect analyses were applied when dual and triple in-
teractions were significant. Data were further analyzed for multiple
comparisons using the Bonferroni correction. Greenhouse-Geisser ε
values were employed when the Greenhouse-Geisser correction was
necessary. The effect size was determined with Cohen's d for t-tests and
partial η2 for ANOVAs (Cohen's d or partial η2 ¼ 0.20 was considered to
indicate a small effect size, 0.50 indicated a medium effect size, and 0.80
indicated a large effect size).29,30 SPSS software (release 20.0) was used
for statistical analysis. A significance level of α ¼ 0.05 was used in all
comparisons.

Results

Heart rate during interventions and RPE,BDI score after interventions

The means and standard deviations of the mean, maximum, and co-
efficient of variation of heart rate, and the BDI score are presented for
each intervention in Table 2. There were significant differences among
interventions in mean heart rate, maximum heart rate, and coefficient of
variation. The mean and maximum heart rates for EM and EI were
significantly higher than that for MI (F2, 184 ¼ 3089.845, p < 0.01, η2 ¼
0.971, ε ¼ 0.901 for mean heart rate, Fig. 2A; F2, 184 ¼ 1324.041, p <

0.01, η2 ¼ 0.935 for maximum heart rate, Fig. 2B). The mean heart rate
for EM was higher than that for EI, although this difference was
marginally significant (p ¼ 0.053, Fig. 2A). For the coefficient of varia-
tion of heart rate, MI exhibited significantly higher values than EI and EM
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(F2, 184 ¼ 60.527, p < 0.01, η2 ¼ 0.397; Fig. 2C).
For the RPE score after each intervention, a significant main effect

was observed for the “intervention” factor (F3, 276 ¼ 52.930, p < 0.01, η2

¼ 0.365, ε ¼ 0.734). Multiple comparisons revealed that (1) RPE score
after EI was significantly higher than that after EM, and (2) RPE score
after EM was significantly higher than that after MI (Fig. 3, Table 2). No
significant differences were found between groups for heart rate or RPE
scores, and no significant interaction was found between “group” and
“intervention”. No significant differences were found for BDI scores.

Response time of selective attentional bias in processing emotional
information

A significant main effect for response time was observed for the fac-
tors “cue” (F3, 276¼ 52.930, p< 0.01, η2¼ 0.365, ε¼ 0.734), “image” (F1,
92 ¼ 9.493, p ¼ 0.003, η2 ¼ 0.094, ε ¼ 1) and “intervention” (F3, 276 ¼
3.312, p¼ 0.025, η2 ¼ 0.035, ε ¼ 0.908). The interactions between “cue”
and “group” (F1, 92¼ 4.777, p¼ 0.031, η2¼ 0.049), between “image” and
“group” (F1, 92 ¼ 6.575, p ¼ 0.012, η2 ¼ 0.067), between “cue” and
“intervention” (F3, 276 ¼ 3.004, p ¼ 0.036, η2 ¼ 0.032, ε ¼ 0.908), and
between “cue,” “image” and “intervention” (F3, 276 ¼ 4.042, p ¼ 0.009,
η2 ¼ 0.042) were significant, and thus a simple-simple effects analysis
was conducted.

Response times with valid cues were significantly shorter than those
with invalid cues, regardless of group, image and intervention (p< 0.01).
This finding is in accord with a previous report that valid spatial cue
information facilitated responses to the target stimulus.31

A complex relationship among interventions was observed for
different groups. For the NDS group, no significant differences were
found among interventions (p > 0.05, Fig. 4A). For the MDS, response
times after EM were significantly shorter than those of BL for both pos-
itive and negative images under valid (F3, 138 ¼ 3.746, p ¼ 0.020, η2 ¼
0.075, ε ¼ 0.798 for positive image; F3, 138 ¼ 4.966, p ¼ 0.005, η2 ¼
0.097, ε ¼ 0.800 for negative image, Fig. 4B) and invalid cue conditions
(F3, 138 ¼ 3.770, p ¼ 0.019, η2 ¼ 0.076, ε ¼ 0.801 for positive image; F3,
138 ¼ 3.010, p ¼ 0.044, η2 ¼ 0.061, ε ¼ 0.804 for negative images,
Fig. 4B).

For the NDS group, response times were significantly shorter for
positive images than those for negative images under the invalid cue
condition after the exercise intervention (t ¼ �2.510, p ¼ 0.016, Cohen's
d ¼ 0.062; Fig. 5A). For the MDS group, response times for positive im-
ages were significantly shorter than those for negative images under the
invalid cue condition after the exercise plus music intervention (t ¼
�2.336, p ¼ 0.024, Cohen's d ¼ 0.079; Fig. 5B).

Accuracy of selective attentional bias in processing emotional information

The main effect for the “cue” factor was significant (F1, 92 ¼ 79.990, p
< 0.01, η2 ¼ 0.465, ε ¼ 1). Multiple comparisons revealed that the ac-
curacy for valid cues was significantly higher than that for invalid cues.
Fig. 2. Median and quartiles of heart rate
during the MI, EI, and EM interventions.
A, mean heart rate; B, maximum heart rate;
C, heart rate variability; MI, music interven-
tion; EI, exercise intervention; EM, exercise
plus music intervention. “**” indicates that
the difference between interventions is
extremely significant (p < 0.01), “#” in-
dicates that the difference between in-
terventions is marginally significant (0.05 <

p < 0.10).



Fig. 3. Median and quartiles of rate of perceived exertion after MI, EI, and EM.
MI, music intervention; EI, exercise intervention; EM, exercise plus music
intervention. “**” indicates that the difference between interventions was
extremely significant (p < 0.01).
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This result was consistent with the notion that informative cues enhance
perceptual representation, enabling observers to perform target identi-
fication more accurately in valid trials compared with invalid trials.32

Discussion

The spatial cueing paradigm was used to explore variations in
attentional bias after interventions for individuals with minimal
depressive symptoms. For this purpose, we examined how different
intervention procedures influenced behavioral responses reflecting
emotional attention after treatments, examining whether music stimu-
lation combined with aerobic exercise can help individuals with minimal
depression by improving emotional states.

Adding rhythmic music to exercise was superior to exercise alone for
improving emotional attention

The results of the present study revealed that a multimodal inter-
vention induced faster emotional attention responses compared with
baseline (Fig. 4B). A similar study reported that music plus video stimuli
led to the highest affective valence and enjoyment scores during and after
exercise, regardless of intensity, on the basis of an assessment scale,5 and
a meta-analysis revealed that music therapy plus treatment as usual was
more effective than treatment, as usual alone for improving both
clinician-rated depressive symptoms and patient-reported depressive
symptoms.11 Emotional attention improvements were achieved with
multimodal intervention (aerobic exercise plus rhythmic music), on the
basis of behavioral response time to emotional images in the current
Fig. 4. Means and standard deviations for response
times after different interventions in the group with
no depressive symptoms (A), and the group with
minimal depressive symptoms (B), with respect to
positive and negative images under valid and invalid
cue conditions.
BL, baseline; MI, music intervention; EI, exercise
intervention; EM, exercise plus music intervention.
The blue, orange, green, and pink circles (○) repre-
sent the response times of the positive emotional
pictures served as valid cues after the intervention of
BL, MI, EI, and EM, respectively; squares (□)
represent the negative emotional picture served as
valid cues; triangles (△) represent the positive
emotional picture served as invalid cues; and inver-
ted triangles(▽) represent the negative emotional
picture served as an invalid cues. Each “*” indicates
that the difference between BL and EM was signifi-
cant (p < 0.05). “**” indicates that the difference
between BL and EM was extremely significant (p <

0.01). Only significant differences discussed in the
main text are shown.
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study. Estimations with behavioral responses were less dependent on
subjective preferences than the assessment scale, and thus more accurate.

It should be noted that positive effects of exercise have been observed
not only in healthy individuals but also in those suffering from mood
disorders.33 These previous findings are not entirely consistent with the
current findings of significant differences in response times between
positive and negative emotional stimulation under invalid cue conditions
after EI only in participants with no depressive symptoms (Fig. 5A), but
not in those with minimal depressive symptoms (Fig. 5B). This difference
between our findings and previous reports may have resulted from the
different criteria of the BDI-II for grouping. For instance, previous studies
used BDI scores below 9,34 12,33 or 1435 as criteria for remission of
depressive symptoms, ignoring differences between participants with no
depressive symptoms and those with minimal depressive symptoms.

The use of music therapy could improve and optimize the ability of
college students to eliminate negative emotions, helping students
develop a healthy psychological state.36 Rhythmic music can entrain
psychophysiological cadence during aerobic exercise.37 A previous study
reported that music with a strong beat entrained brain activity through
increased activation of the bilateral caudate nucleus, and the consonance
of music enhanced activity in attentional networks visualized by func-
tional magnetic resonance imaging.38 During exercise, music was found
to up-regulate beta waves of brain electroencephalography, inducing
more positive affective responses.39 In addition, participants were re-
ported to experience more positive affect in an isometric
ankle-dorsiflexion task when music was presented, compared with per-
forming the task without music.40 Thus, adding rhythmic music to aer-
obic exercise may activate more brain areas related to positive emotional
272
states.

The selective attentional bias to emotional information could be modulated
by interventions combining music and aerobic exercise

Exercise is well known to enhance a variety of mood states. For
instance, people were reported to experience less unpleasant or less
intense negative feelings in response to emotional stimuli after aerobic
exercise.41 Acute exercise could reduce angry mood and mitigate angry
mood induction through an index of event-related brain activity (e.g.,
early posterior negativity and late positive potential).42 These results
suggest that exercise, as an effective emotion regulation strategy, can
play a positive role in emotional health interventions. Specifically, it is
likely that decreases in negative feelings in response to emotional pic-
tures after exercise might be associated with biased processing of positive
emotional stimuli by attentional processes.41 These previous studies are
in accord with our findings that responses were faster to positive images
compared with negative images under invalid cue conditions after the EI
and EM interventions (Fig. 5A and B), suggesting that more resources
were allocated to selective attention to positive emotional cues after the
intervention.

Regarding cue validity, previous studies of selective attention using
various paradigms (e.g., Stroop and flanker tasks) demonstrated that
control over attentional processes can be cued rapidly and without
awareness in response to processing of contextual features that are not
directly task-relevant.16 This result is consistent with the current finding
that response times under valid cue conditions were significantly shorter
than those under invalid cue conditions, regardless of groups, images,
Fig. 5. Means and standard deviations for response
times of positive and negative images in the group
with no depressive symptoms (A) and the group with
minimal depressive symptoms (B) under valid and
invalid cue conditions after the intervention of BL,
MI, EI, and EM.
BL, baseline; MI, music intervention; EI, exercise
intervention; EM, exercise plus music intervention.
The blue, orange, green, and pink circles (○) repre-
sent the response times of the positive emotional
pictures served as valid cues after the intervention of
BL, MI, EI, and EM, respectively; squares (□)
represent the negative emotional picture served as
valid cues; triangles (△) represent the positive
emotional picture served as invalid cues; and inver-
ted triangles(▽) represent the negative emotional
picture served as an invalid cues. Each “*” indicates
that the difference between positive and negative
images was significant (p < 0.05). Only significant
differences discussed in the main text are shown.
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and interventions. Moreover, significant differences were found under
invalid spatial position conditions between positive and negative
emotional cues after the EI and EM interventions (Fig. 5B), which is in
accord with the results of a previous study using the spatial cueing task,
in which the contexts regarding the cue and target were defined
emotionally and spatially.16

Individuals were found to effectively adapt to two different contexts
(e.g., emotion and position), and could make effective use of cognitive
control processes.16 This phenomenon could be explained by the conflict
monitoring model, which suggests that the anterior cingulate cortex
monitors the levels of conflict in information processing, and that this
information is used to regulate the influence of neural centers responsible
for goal-driven control.43 Compared with location information of the cue,
emotional information became the main driving factor of the cognitive
task. Therefore, the differences in the invalid cue conditions of the spatial
cueing task in the present study may have reflected the processing
characteristics of emotional cognitive control, representing participants’
emotional attention variation before and after interventions.

Physiological effects of aerobic exercise plus rhythmic music

An increase in the intensity of exercise can induce an attentional shift
from an external focus on the surrounding environment to an internal
focus on bodily sensations such as muscular contraction and respira-
tion.44 When a given exercise load is sustained for a long duration, the
levels of perceived exertion associated with that exercise load increase
over time. This phenomenon is consistent with our finding that RPE
scores after intervention were the highest for EI among all interventions
(Fig. 3). Because the RPE level was lower for the EM than the EI inter-
vention, this finding appears to be in accord with the extensive use of
music stimuli for reducing the ratings of perceived exertion during re-
petitive endurance activities.45 A pleasant audiovisual stimulus could
ameliorate fatigue-related symptoms and reduce the physiological stress
induced by exercise sessions.25

Music can evoke prescribed cadences and metabolic intensities. For
instance, in a previous study, trials with music entrainment exhibited
greater metabolic intensity compared with self-paced trials.37 Similarly,
in the present study, a marginally significant increase in mean heart rate
was found for the EM intervention compared with the EI intervention (p
¼ 0.053, Fig. 2A). It was previously reported that when exercise intensity
reached 75% of maximal heart rate, extra-rhythmical characteristics of
music were necessary to maintain or increase working heart rate levels.37

This physiological mechanism could be attributed to the spontaneous
tendency of people to synchronize their movements to music, which fa-
cilitates the development of strategies for tempo adaptation of simple
repetitive movements.46

In the present study, the average tempo of the music was 128.01 bpm,
which is within the target heart rate range during aerobic exercise in-
terventions (approximately 120–140 bpm). However, we found no direct
evidence for a clear correlation between music tempo and heart rate
during exercise. A meta-analysis supported the use of music listening
across a range of physical activities to promote more positive affective
valence, enhance physical performance (i.e., ergogenic effects), reduce
perceived exertion, and improve physiological efficiency.47 Interventions
involving aerobic exercise plus rhythmic music may sustain a higher
heart rate and cause a lower RPE level if participants’ cadence is
entrained to musical tempos.

Conclusion

The findings of the present study demonstrated that the multimodal
intervention involving aerobic exercise plus rhythmic music effectively
modulated emotional attention processing toward a positivity bias (i.e.,
toward preferential processing of pleasant material) in participants with
minimal depressive symptoms, whereas a single-modality aerobic exer-
cise intervention was more effective for individuals with no depressive
273
symptoms. Our results suggested that the combination of aerobic exercise
and rhythmic music is an effective approach of emotional regulation in
college students with minimal depressive symptoms. Compared with
other interventions, participants could benefit from acute aerobic exer-
cise plus rhythmic music to sustain a higher heart rate and induce a lower
RPE level.

Limitations

The current study had several limitations. First, we did not find any
significant differences in BDI scores between interventions. It is possible
that participants remembered some questions of the scale (participants
were tested five times, 1 week apart), potentially affecting the scores.
Future studies should focus on the relationship between behavioral re-
sponses and emotional status after interventions. Second, the current
study was not able to reveal differences in intervention effects between
healthy participants and those with mild, moderate or severe depression.
The effects of the intervention on emotional attention between groups
with different baseline levels should be further explored, including life-
style factors, depression degree, physical fitness, exercise habits, and
music preferences. Third, because of the physical fitness requirements for
completing the 30-min aerobic exercise intervention, most of the par-
ticipants in this study were male. Thus, we were unable to examine
gender differences in the effects of aerobic exercise combined with music
on emotional attention. This issue should be examined in more depth in
future studies.
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