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Music that is carefully selected to match the requirements of activities and the
characteristics of individuals has been shown to produce signi cant impacts on
performance enhancement (Priest et al., 2004). There is also evidence that music can
enhance imagery (Grocke and Wigram, 2007), although few studies have investigated
the effects of music on imagery in the context of sport skills. In the present study, the
effects of relaxing and arousing music during imagery on dart-throwing performance,
physiological arousal indices, and competitive state anxiety, were investigated among
63 novice dart throwers. Participants had moderate-to-high imagery ability and were
randomly assigned to unfamiliar relaxing music (URM), unfamiliar arousing music (UAM),
or no music (NM) groups. Performance was assessed by 40 dart throws at a concentric
circles dartboard before and after 12 imagery sessions over 4 weeks. Measures of
galvanic skin response (GSR), peripheral temperature (PT), and heart rate (HR) were
taken during imagery sessions 1 and 12, and the Competitive State Anxiety Inventory-2
Revised (CSAI-2R) was administered prior to the pre- and post-intervention performance
task. Dart-throwing gain scores were signi cantly higher for URM than for UAM and
NM, with no signi cant difference between UAM and NM (URM = 37.24  5.66,
UAM = 17.57 5.30, and NM = 13.19  6.14, F,.s» = 5.03, p = 0.01, 1?2 = 0.14).
GSR, PT, and HR re ected lower arousal for URM than for UAM or NM. Signi cant
decreases in somatic anxiety were evident for URM and UAM but not NM. Signi cant
decreases in cognitive anxiety were evident for URM and NM but not UAM.
Signi cant increases in self-con dence were evident for URM but not UAM or NM.
Performance improved in all three conditions but URM was associated with the largest
performance gain, the lowest physiological indices of arousal, and the most positive
CSAI-2R pro les. Listening to relaxing music during imagery may have bene ts for
performance in other ne motor skills.
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INTRODUCTION

Imagery techniques have been acclaimed as a central pillar
of applied sport psychology and are included in almost all
psychological skills training programs for athletes (Perry and
Morris, 1995, p. 339). Imagery has been de ned as the
creation or re-creation of an experience generated from memorial
information, involving quasi-sensorial, quasi-perceptual and
quasi-a ective characteristics, that is under the volitional control
of the imager, and which may occur in the absence of the
real stimulus antecedents normally associated with the actual
experience (Morris et al., 2005, p. 19).

Athletes report using imagery techniques for varied purposes,
including learning and practicing skills, during pre-performance
routines and game planning strategies, for previews and
reviews of performance, for mental warm-ups and the
development of psychological skills, for problem solving
and stress management, for increasing concentration and
con dence levels, and during injury rehabilitation (Morris
et al., 2005; Strachan and Munroe-Chandler, 2006). Researchers
have investigated several di erent aspects of imagery use
in sport, including imagery objectives, types of imagery,
measurement of imagery ability, psychophysiological factors,
and performance enhancement imagery (Collins and Hale, 1997,
Hall et al., 1998; Hall, 2001; Watt et al., 2004). Despite these
extensive research e orts, understanding optimal imagery use
in sport remains a challenge, requiring further investigations
aimed at deriving greater bene t from imagery training. This
represents a gap in imagery research that is yet to be examined
comprehensively.

Music plays an in uential role in many sports, being integral
to performance in gymnastics, synchronized swimming, and
ice dancing, or is used for motivational and entertainment
purposes, to elicit patriotism and pride, and enhance the
psychological state and performance of athletes (Terry and
Karageorghis, 2011). Demonstrated bene ts of music in sport
and exercise include arousal control, enhanced a ective states,
lowered perceived exertion, improved performance, and greater
physiological e ciency (Boutcher and Trenske, 1990; Terry et al.,
2012; Bood et al., 2013; Hutchinson and Karageorghis, 2013).
Music can clearly in uence perceived relaxation and excitation
levels, and its in uence on physiological indicators, such as
galvanic skin response (GSR), peripheral temperature (PT), and
heart rate (HR), is also well established (Burns et al., 1999;
Lundqyvist et al., 2009; Salimpoor et al., 2009, 2011; Kuan et al.,
2017).

Very few studies have investigated use of imagery
accompanied by music as a way to enhance sports performance.
Karageorghis and Lee (2001) compared the e ects of motivational
music, imagery, and a combination of both on an isometric
muscular endurance task that required participants to maintain
dumbbells in a cruciform position. The combination of music
and imagery yielded greater endurance than music or imagery
alone, although it was unclear if music and imagery interacted
in some way to produce an ergogenic e ect, or if enhanced
endurance was due to the summation of the motivational
impact of the music and the motivational impact of the imagery.

Pain et al. (2011) examined the e ectiveness of personalized
pre-performance music and imagery scripts in facilitating

ow states and performance. Results indicated that the use
of asynchronous music and imagery when combined showed
facilitative e ects on ow and perceived performance. Kuan
et al. (2017) investigated the e ect of unfamiliar relaxing and
arousing music during imagery on physiological and subjectively
perceived arousal of elite shooters. Results showed that music
used during imagery helped to manipulate arousal in the required
direction, and also that researcher-selected musical excerpts were
at least as e ective for arousal control as participant-selected
excerpts. Despite the burgeoning literature on the impact of
music on sports performance, there is still little research on
the potential of music to enhance the e ectiveness of imagery
and its consequential in uence on athletic performance. Given
the widespread use of imagery training by athletes to enhance
performance, the paucity of research on the potential of music
to enhance imagery e ectiveness represents a signi cant gap in
knowledge.

Terryetal. (2014) identi ed more than 80 studies investigating
e ects of music on sports performance. However, most of those
studies focused on exploiting the motivational qualities of music,
and there is little research investigating the e ect of music on
performance via use of imagery training, or investigating the
characteristics of music associated with changes to physiological
arousal. It is important for the development of optimal imagery
training programs that the impact of music is investigated when
imagery training is temporally distanced from performance. In
the small number of studies investigating e ects of music and
imagery in sport (e.g., Osborne, 1981; Dorney et al., 1992),
performance was assessed directly after completing imagery with
music, whereas athletes more typically use imagery techniques
(with or without music) over a period of time in the build
up to competitions (Terry and Karageorghis, 2011). A more
ecologically valid approach would be for participants to practice
imagery with music on a number of occasions over an extended
period, with the impact on performance assessed at a later
time.

In the present study, we investigated the e ects of unfamiliar
relaxing and arousing music to augment imagery training, on
dart-throwing performance, physiological indicators of arousal,
and self-reported competitive state anxiety. Dart-throwing was
selected to evaluate performance because it is a self-paced,
closed skill involving ne muscle control, and hence is not
in uenced by time pressure, the involvement of an opponent, or
physical exertion. Such task characteristics minimize extraneous
e ects on arousal, making it easier to detect physiological
changes in arousal due to the e ects of music. Recently,
Kuan et al. (2017) tested the psycho-physiological e ects of
music on skilled shooters during imagery. Results for GSR,
PT, and electromyography measures showed that unfamiliar
relaxing music (URM) was most relaxing and unfamiliar
arousing music (UAM) was most arousing. Based on the

ndings of Kuan et al. (2017), it was hypothesized (a) that
imagery training would have a positive e ect on performance
for all music conditions, (b) the performance e ect for
relaxing music would be greater than for arousing music and
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no music (NM), and (c) that relaxing music would be associated
with lower physiological indicators of arousal, lower somatic and
cognitive anxiety, and higher self-con dence than arousing music
and NM.

MATERIALS AND METHODS

Participants

Participants were 63 novice dart throwers (45 males, 18
females) aged 18 25 years (M = 20.21 years, SD = 3.20 years),
recruited from students of sport and exercise science or physical
education at a university in Melbourne, Australia. Participants
had a minimum of one year’s experience playing sports that
included Australian football, basketball, cricket, handball, netball,
soccer, softball, swimming, taekwondo, tennis, track running,
or volleyball. Four potential participants reported they had
competitive dart-throwing experience and were excluded from
the study. Females participated during their late luteal phase
(i.e., around the 25th day of the menstrual cycle) to minimize
psycho-physiological variations induced by hormonal changes.
All participants reported their hearing as normal. Sample
size was determined, based on a mixed design ANOVA, by
using G Power 3.1.7. With an hypothesized e ect size of
0.40, alpha of 0.05, power of 0.85, three groups, and two
measurement occasions, the estimated sample size was 57.
After adding the estimated drop-out rate of 10%, we required
a total sample size of 63, with 21 participants in each
condition.

Measures and Materials

Demographic Information

Demographic information was collected about current
participation in sport and/or physical activity; previous
experience in sport, competition, and dart-throwing; sport
imagery experience; and hearing ability.

Sport Imagery Ability Measure
(SIAM; Watt et al., 2004)
The SIAM assesses imagery ability in sport by having athletes
imagine four generic sport scenes for 60 s each; namely, the
home venue, a successful competition, a slow start, and a training
session. Following imagery of each scene, athletes respond to
12 items with reference to that scene by placing a cross on
a 100-mm analog scale. The 12 imagery ability items cover
ve imagery dimensions (control, vividness, ease, speed of
generation, duration), and six sensory modalities (kinaesthetic,
tactile, visual, auditory, olfactory, and gustatory). In addition,
one item assesses imagery of emotion experienced during each
scene. The 12 subscales appear in di erent orders for each
scene to minimize order e ects. During its validation process,
the SIAM demonstrated Cronbach’s alpha coe cients between
0.66 and 0.87 (Watt et al., 2004). We used the SIAM to
ensure that participants had at least moderate imagery ability,
to enable them to perform the dart-throwing imagery task. We
asked participants to imagine their primary sport, rather than
dart-throwing when completing the SIAM.

Imagery Script

A pre-recorded dart-throwing imagery script was developed
and tested during a pilot phase of the study. The imagery
script was checked for authenticity by two experienced darts
players and minor changes implemented based on their feedback.
The imagery script focused on the performance task, including
feeling the weight of the dart, gripping the dart, looking at
the bullseye, imaging the distance to the target and the height
of the target from the oor, and releasing the dart accurately
when ready. The imagery script also focused participants on
the feeling in their arm muscles, the sensation of movement
of the arm, and the need to keep their body still and stable as
they threw. The script included instructions to picture successful
performance with their darts hitting close to the bullseye,
a strategy shown previously to build con dence leading to
enhanced performance (Morris et al., 2005). Imagery training
consisted of 12 sessions with an approximate duration of 9 min
per session. Participants paced their own imagery and no
instructions were provided about the frequency of imaging the
dart throws.

Log of Imagery Sessions

Participants completed an adherence log to monitor the date,
time, and duration of each imagery session, and added comments
about their imagery experiences, such as how well they were able
to concentrate and the emotions experienced. Completing the
log provided an opportunity for participants to note changes in
their experience over time and to comment on how strongly
and vividly they experienced the music and imagery of dart-
throwing. We established exclusion criteria, whereby participants
with uncompleted logs and those who had missed more than two
imagery sessions would be dropped from the main analysis. No
participant met either criterion, indicating that all participants
showed excellent adherence to the imagery intervention and
completion of the log.

Music Conditions

Imagery training occurred under three music conditions using
the same imagery script for all conditions. Unfamiliar music
was used because it has been shown to generate similar
levels of arousal to familiar music but minimizes the potential
confounding e ects of familiarity and past associations, which
can lead to unpredictable e ects on individual arousal level
(Kuan et al.,, 2017). Music for the URM condition was taken
from Frederick Delius's Florida Suite: Il Sunset Near The
Plantation, which was selected from music excerpts con rmed
in a preliminary study to be both relaxing and unfamiliar (Kuan
et al.,, 2017). Music for the UAM condition was Edmond De
Lucas Conquerors of the Ages Attila The Hun, which was
selected from music excerpts con rmed by Kuan et al. (2017) to
be both arousing and unfamiliar. Participants in the NM control
condition implemented imagery without music.

Physiological Signals

Physiological signal data were collected using the ProCompC
system and BioGraph software version 5.0 from Thought
Technologies™ (Montreal, Canada), which assessed participants’
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GSR, PT, and HR. To prepare physiological data for analysis,
signal Itering was performed to remove noise and artifacts. The
raw GSR signal was detrended using a piecewise linear regression
model when sudden drift was noticed through visual inspection.
No Itering was required for the PT and HR signals as the outputs
were clean. When measuring physiological data, it is important
to consider baseline di erences. Thus, recordings were compared
with baseline physiological data collected over a 5-min period of
silent relaxation in a sitting position.

Galvanic Skin Response (GSR)

Two sensors were placed on the non-dominant hand of
participants, comprising Ag/AgCl electrodes on the medial
phalanges of the second and fourth digits. GSR is a linear
inverse correlate to relaxation, and re ects emotional responses
as well as cognitive activity (Lang, 1995). As sweat is produced in
response to sympathetic nervous system activity, the capacity of
the skin to conduct an electric current is enhanced and measured
conductance is increased. Higher GSR scores re ect increased
conductivity, indicating increased arousal.

Peripheral Temperature (PT)

A thermistor was positioned on the ventral side of the little nger
of the non-dominant hand of participants (threshold = 0.0, scale
0.25). PT is a measure of the temperature of the skin extremities,
which varies according to the amount of blood perfusing to the
skin and re ects sympathetic arousal of the autonomic nervous
system. When individuals are sympathetically aroused, muscle
contraction occurs. This causes vasoconstriction, which reduces
blood ow to the skin, and results in a decrease in temperature
(Klugeretal., 1985). Therefore, as arousal increases, PT decreases.
Increases in PT re ect greater relaxation.

Heart Rate (HR)

Heart rate (HR) was measured using an EKG receiver (Thought
Technology) coupled to a Polar HR transmitter worn around
the chest. EKG receivers use wireless transmission and are more
stable and less prone to movement artifacts than a blood volume
pulse measure (BVP).

Competitive State Anxiety Inventory-2 Revised
(CSAI-2R; Cox et al., 2003)

The CSAI-2R was used to assess somatic state anxiety ( ve
items), cognitive state anxiety (seven items), and self-con dence
( ve items) prior to dart-throwing performance. Respondents
rated their feelings on the 17-item instrument (e.g., | feel
jittery, I am concerned about losing) using a 4-point Likert scale
from 1 (not at all) to 4 (very much so). Subscale scores were
derived by summing item scores in each subscale, dividing by
the number of items, and multiplying by 10. Score range is
10 40 for each subscale. The factorial validity of the CSAI-
2R was established by Cox et al. (2003), using con rmatory
factor analysis on data from 331 athletes, which showed a
good t to the hypothesized measurement model (CFI = 0.95,
NNFI = 0.94, RMSEA = 0.05) and Cronbach alpha coe cients
showed sound internal consistency (somatic anxiety = 0.88,
cognitive anxiety = 0.83, self-con dence = 0.85).

Dart-Throwing Performance

Dart-throwing is a self-paced, closed skill, involving ne-
motor control, meaning that performance occurred in a stable,
predictable environment in which performers could choose when
to execute the task. As such, arousal level during dart-throwing
was largely una ected by the physical aspects of the task, which
assisted in isolating the in uence of external factors, such as
music. Amodi ed international-standard competition dartboard
and ve precision steel tip darts were used for the performance
task. The dartboard had 10 concentric circles with diameters of
2,4,6,8, 10, 12, 14, 16, 18, and 20 cm. Concentric circles were
used in preference to an unmodi ed competition dartboard to
minimize the e ects of strategy. Participants scored 10 points
for hitting the center circle (known as the bullseye), nine points
for the next circle, down to one point for the outermost circle,
and zero if the dart hit outside the outer circle or missed the
dartboard. Pre- and post-intervention performances were based
on 40 darts thrown from a distance of 237 cm with the bullseye
at a height of 173 cm from the oor. Possible scores were in the
range 0 400 points. Participants were instructed to stand behind
the throwing line, aim for the bullseye, and throw when ready.
Five practice trials preceded each performance test of 40 trials.

Short Interview

On completion of dart-throwing assessment at the post-
intervention stage, six participants (two from each experimental
condition) completed a short interview to describe their
subjective experience of the imagery training. Participants shared
their imagery experiences, the e ects of the music, challenges they
faced during the imagery training, and recommendations for use
of music with imagery. Questions related to music were not asked
of the two NM interviewees.

Procedure

A pre-intervention  intervention  post-intervention design
was used in this investigation, which ran over a 4-week period.
First, participants provided written informed consent, completed
a demographic information form, and were screened for imagery
ability using the SIAM. Only participants who rated themselves
as having moderate-to-high imagery ability participated in the
study. Second, participants completed the CSAI-2R prior to
the assessment of baseline dart-throwing performance. Third,
participants were randomly assigned to three experimental
conditions, termed URM, UAM, and NM, and undertook 12
sessions of imagery training while listening to their allocated
music or NM over the 4-week period. Session 1 of the imagery
training commenced 20 min after assessment of baseline dart-
throwing performance.

For imagery sessions 2 11, participants listened to the 540 s
imagery script on alternate days, using an MP3 player, and were
prompted to do so via emails and telephone calls. Participants
were instructed to follow the imagery script in a relaxed position
while listening to the music and imaging the scene, and were
asked to not conduct imagery training when tired. GSR, PT, and
HR were monitored during sessions 1 and 12 of the imagery
training, from 5 min before imagery commenced to 5 min
after imagery ended. Fourth, after completing 12 sessions of
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imagery training, participants were retested on the dart-throwing
performance task, having rst completed the CSAI-2R. Finally,
six participants (two in each condition) were selected to explore
their subjective experiences using the interview protocol. All
participants were debriefed and thanked for contributing to the
study.

Data Analyses

Quantitative data were collated for analysis using SPSS Version
23, and checked for missing data and outliers (none were
found). Assumptions of the statistical procedures used were
con rmed. Descriptive statistics were calculated for all study
variables and between-condition di erences in baseline data
were assessed using one-way analysis of variance (ANOVA).
Performance gain scores for the three music conditions were
compared using one-way ANOVA, plus follow-up Tukey tests.
Gain scores were calculated as the di erence between post-
intervention performance and pre-intervention performance
scores. Physiological measures (GSR, PT, HR) monitored
during Session 1 and Session 12 were plotted graphically
over the 540-s imagery period (to to tsqo) and between-
group di erences were assessed using a two-way, mixed design
ANOVA (condition  session) plus follow-up Tukey tests. Music
condition (URM, UAM, NM) was the between-subject factor,
and time (Session 1 vs. Session 12) was the within-subject
factor. We also examined the interaction between music during
imagery conditions and time for the physiological variables.
Paired samples t-tests were used to assess changes in CSAI-
2R scores (somatic anxiety, cognitive anxiety, self-con dence)
from Session 1 to Session 12. In all cases where we made
multiple comparisons, we applied the Bonferroni adjustment to
signi cance levels to reduce the risk of Type 1 errors (Hair et al.,
1998).

Quialitative data from the short interviews were summarized
using inductive content analysis. Content analysis refers to
investigators searching text for recurring words and themes
(Patton, 2002). This procedure allows researchers to organize raw

data (e.g., direct quotations from participants) into interpretable
and meaningful themes and categories as the inquirers come
to understand patterns that exist (Hanton and Jones, 1999).
Inductive content analysis was used because the purpose of the
short interviews was to explore the experience of the participants
during imagery with music or NM. Inductive content analysis
has been widely used by sport psychology researchers (e.g.,
Pink et al.,, 2015; Ludlam et al., 2016; Partridge and Knapp,
2016).

RESULTS

Imagery Ability

Analysis of variance showed no signi cant between-condition
di erences on any SIAM subscale (see Table 1), indicating that
participants in the three music conditions (URM, UAM, NM)
did not di er in imagery ability at the start of the study. This
result provides evidence that participants in the three music
conditions were able to use imagery equally e ectively as part of
the intervention program.

Dart-Throwing Performance
One-way ANOVA showed no signi cant di erence in dart-
throwing performance among the three music conditions at
the pre-intervention stage (F.52 = 1.15, p = 0.32, 12 = 0.04).
Dart-throwing performance mean scores for URM, UAM, and
NM, were 167.10  37.97,182.95 49.46, and 186.05  41.95,
respectively, at the pre-intervention stage, and 204.34  28.13,
200.52 30.25, and 199.24 32.64, respectively, at the
post-intervention stage. The mean gain scores for dart-
throwing performance from pre- to post-intervention are shown
graphically in Figure 1. The URM group showed the greatest
improvement in dart-throwing performance, followed by the
UAM group, with the NM group showing the smallest gain.
Gain scores for the URM, UAM, and NM groups were
3724 566, 1757 530, and 13.19  6.14, representing

TABLE 1 | Sport imagery ability measure (SIAM) subscale scores for three music conditions (N = 63).

URM UAM NM
SIAM M SD M SD M ) F2.62 p

Vividness 289.86 47.34 291.24 41.39 293.43 45.85 0.03 0.97
Control 287.24 51.58 279.67 4231 282.62 50.52 0.13 0.88
Ease Generation 274.91 59.99 283.47 49.25 289.33 54.46 0.37 0.69
Speed Generation 280.57 53.71 285.47 4263 288.62 47.41 0.15 0.86
Duration 274.14 58.92 276.24 49.36 282.47 59.07 0.13 0.88
Visual 292.38 46.22 291.81 37.60 294.95 49.41 0.03 0.97
Auditory 230.33 71.83 246.81 63.64 235.38 68.90 0.39 0.68
Kinaesthetic 252.57 53.42 235.28 53.78 253.76 53.92 0.78 0.46
Offactory 168.33 74.16 121.38 60.64 144.00 61.53 2.68 0.08
Gustatory 156.24 85.44 114.86 69.53 133.09 71.32 1.57 0.22
Tactile 236.67 65.68 235.71 58.09 245.09 55.03 0.16 0.86
Emotion 247.05 61.46 261.95 47.99 247.95 52.39 0.43 0.66

URM, unfamiliar relaxing music; UAM, unfamiliar arousing music; NM, no music.
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FIGURE 1 | Dart-throwing performance gain scores for unfamiliar relaxing
music (URM), unfamiliar arousing music (UAM) and no music (NM) conditions.
p < 0.05.

performance improvements of 22.3, 9.6, and 7.1%, respectively.
ANOVA indicated a signi cant between-condition di erence
in gain scores (Fa:e2 = 5.03, p = 0.01, 12 = 0.14). Pairwise
comparisons con rmed signi cant di erence in gain scores
between the URM group and the UAM group (p = 0.04) and NM
group (p = 0.01), but no signi cant di erence between the UAM
and NM groups (p D 0.85).

Physiological Indices

Galvanic Skin Response (GSR)

One-way ANOVA showed no signi cantdi erence among music
conditions for GSR at baseline (F2:62 = 0.002; p D 0.99,
12 < 0.001). Figure 2 shows mean values for GSR from tg to
tsqo for each of the three experimental groups (UAM, URM,
and NM) during Sessions 1 and 12. The line graphs indicate
that the URM condition was the most relaxing for participants,
with GSR decreasing monotonically over time throughout the
imagery periods. GSR for the NM condition also decreased
during Sessions 1 and 12, but the extent and the rate of decrease
were less than for URM. The UAM condition was associated with
the highest arousal levels during Sessions 1 and 12, although
a decrease in GSR was evident from the start to end of each
session, notably so in Session 12. GSR levels at the start of
Session 12 were lower than at the start of Session 1 for all music
conditions.

Comparing tp values, a two-way, mixed design ANOVA
(condition  time) showed a signi cant main e ect of time
(F1:60 = 6.17, p = 0.02, 12 = 0.09), indicating that GSR was lower
across conditions at the start of Session 12 than at the start of
Session 1. There was no main e ect for condition (F2:60 = 0.05,
p D 0.95, 12 = 0.002) and no signi cant condition  time
interaction (Fp:60 = 0.049, p = 0.95, !? = 0.002). Comparing
ts40 values, a mixed design ANOVA (condition  time) showed
a signi cant main e ect of time (F1.¢0 = 10.05, p = 0.002,
12 = 0.14), indicating that GSR was lower across conditions at
the end of Session 12 than at the end of Session 1. A signi cant

main e ect for condition was also evident (Fo.0 = 4.68,
p = 0013, 12 = 0.14). Post hoc Tukey tests con rmed a
signi cant di erence between URM and UAM (p = 0.01), but
no di erence between URM and NM (p D 0.39) nor between
UAM and NM (p D 0.20). A signi cant condition time
interaction was evident (Fo.q0 = 4.31, p = 0.02, 12 = 0.13).
UAM was associated with signi cant reductions in GSR from
end of Session 1 to end of Session 12, whereas GSR reduced
only marginally for URM and NM over the same period (see
Figure 2).

Peripheral Temperature (PT)

Results of one-way ANOVA showed no signi cant di erence
among music conditions for PT at baseline (F2:62 = 0.03, p D 0.97,
12 < 0.001). Figure 3 shows the mean values for PT from to to
ts40 for the three experimental groups during Sessions 1 and 12.
There were no between-group di erences at the start of Session
1, although the groups diverged as the session progressed, with
URM showing the highest level of PT, indicating the lowest level
of arousal. This pattern repeated during Session 12. However, this
divergence was not of su  cient magnitude to produce statistically
signi cant di erences between conditions at the end of Sessions
land 12.

Comparing tp values, a two-way, mixed design ANOVA
(condition  time) showed nosigni cantmaine ect of condition
(F2:60 = 0.21, p = 0.81, 12 = 0.01) or time (F1.g0 = 2.38, p = 0.13,
12 =0,04), and no signi cant interaction between condition and
time (F2.60 = 0.19, p = 0.83, 12 = 0.01). Comparing tss4o values,
a mixed design ANOVA (condition  time) similarly showed
no signi cant main e ect of condition (F2.50 = 1.32, p = 0.28,
12 = 0.04) or time (F1.¢0 = 0.08, p = 0.77, ¥? = 0.001), and no
signi cant interaction between condition and time (F2.60 = 0.16,
p=0.85,12=0.01).

Heart Rate (HR)

One-way ANOVA showed no signi cant di erence among
music conditions for HR at baseline (F2:62 = 0.02; p = 0.98,
12 < 0.001). Figure 4 shows the HR means from ty to tss
for the three experimental groups during Sessions 1 and 12.
The URM group showed the largest reductions in HR across
Sessions 1 and 12, with HR decreasing monotonically from
the start to the end of both sessions. Comparing to values, a
mixed design ANOVA (condition  time) showed no signi cant
main e ect of condition (Fp:¢0 = 0.22, p = 0.80, !? = 0.01)
or time (F1.60 = 0.82, p = 0.37, 12D 0.01), and no signi cant
interaction between condition and time (F.¢0 = 0.27, p = 0.77,
12.=0,01).

Comparing tsqo values, a two-way, mixed design ANOVA
(condition  time) showed a signi cant main e ect of condition
(F2:60 = 4.28, p=10.02, 12 = 0.13). Post hoc Tukey tests con rmed
that HR values were signi cantly lower for the URM group than
the UAM group at the end of Sessions 1 and 12 (p = 0.01), but
no signi cant di erences were found between URM and NM
(p = 0.44), or UAM and NM (p = 0.22). No signi cant main
e ect was found for time (F1.60 = 1.94, p = 0.17, 12 = 0.03), and
no signi cant interaction between condition and time was found
(F2:60 = 0.20, p=0.82, 12 = 0.01).
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FIGURE 2 | Mean galvanic skin response (GSR) from tg to ts40 across Sessions 1 and 12.

Competitive State Anxiety

Descriptive statistics for the CSAI-2R among participants
in the three music conditions prior to the pre- and post-
intervention assessments of dart-throwing performance are
shown in Table 2. One-way ANOVA showed no signi cant
di erence among music conditions at baseline for somatic
anxiety (Fo:62 = 0.03, p = 0.97, 1?2 < 0.001), cognitive state anxiety
(F2:62 = 0.20, p = 0.82, 12 = 0.01), self-con dence (Fp:s2 = 1.78,
p = 0.18, 12 = 0.06). In paired-samples t-tests, we identi ed
signi cant reductions in somatic and cognitive anxiety, and a
signi cant increase in self-con dence, among the URM group
(see Table 2). Cohen’s d values indicated that these changes
from pre- to post-intervention represented very large e ects.
The UAM group reported a signi cant reduction in somatic
anxiety, of moderate magnitude, but no signi cant changes in
cognitive anxiety or self-con dence. The NM group reported a
signi cant reduction in cognitive anxiety, of moderate-to-large
magnitude, but no signi cant changes in somatic anxiety and
self-con dence.

Short Interview Data

All participants completed each of the 12 sessions of imagery
training. Six participants reported on their overall imagery
training experiences, and four participants commented on
their experience of music during imagery. Participants also
reported any challenges they faced during imagery training and
recommendations for future sessions. Pseudonyms have been

used to ensure participant anonymity. The participants, with
corresponding research condition, were Christian (URM), Anna
(URM), Andrew (UAM), Jackson (UAM), Matthew (NM), and
Johnna (NM).

All six respondents indicated they had made a sustained
e ort throughout the imagery training and dart-throwing trials.
Further, ve of the six participants indicated that the intervention
had improved their dart-throwing performance. Participants felt
more relaxed, positive, con dent, and experienced greater ow
following the imagery intervention compared to during the pre-
intervention dart-throwing trials, as exempli ed by Christian’s
comments:

The imagery showed some e ects on the dart-throwing, | felt
con dent and great: : : it not only had helped my capacity to
hold more images in my head, but it also a ected my mood
and the positive outcome::: my body had less tension::: |
was able to imagine more ow state within the imagery:::I
felt in control of my task knowing what to react to and able
to concentrate on my task.

Anna said, After the imagery, | was relaxed::: I felt my
body was not tensed::: | have more con dence to throw the
darts on target and to improve my score::: | am surprised

this imagery could make a di erence in my skills. Andrew
indicated he had experienced reduced anxiety and less concern
about his performance: | improved in my scoring::: | felt
less nervous compared to the initial competition::: | was not
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FIGURE 3 | Mean peripheral temperature (PT) from tg to ts40 across Sessions 1 and 12.

worried: :: my con dence increased::: Matthew also indicated
that, during the intervention phase, he had felt more relaxed,
but it was after the third imagery training session that he
began to note signi cant changes; | was able to visualize the
dart-throwing more e ciently after the third attempt::: | began
to feel relaxed::: my body was not tense as before::: | began
to feel more focused and had more concentration::: | felt
good. Similar responses were provided by Johnna: Imagery
works: : :my body was relaxed: :: | had complete concentration
and focus: :: | was not worried about the scoring::: I was not
concerned about performing poorly.

On the impact of music for imagery training, all four
participants reported that they enjoyed having music as a
facilitator to imagery training. For example, Anna expressed the
view that during the imagery training, she felt more excitement
and motivation, and the music had prompted her to remember
the imagery: | like the (relaxing) music ::: the rhythm was
good::: I am in a relaxed mood::: it makes the imagery a
more interesting, motivating and exciting experience: : : it helped
me to remember the imagery during the post-performance.
Andrew also expressed excitement and motivation: | found it
an interesting and rather exciting experience::: | experienced
a motivating experience visualizing with high beat music:::
slowly | got used to the music and began to visualize my
throwing more e ciently. Jackson used the music to energize
his imagery, 1 used the music to ‘pump me up’ and make
me perform better::: it makes me more excited, want to

do it better, getting more aroused, but then ‘turn them o '’
to focusing on throwing the dart::: | think it is a fun
experience.

As for the challenges faced, two participants reported
di culties trying to concentrate, occasionally feeling tired, and
nding suitable times to complete the imagery sessions. For
example, Matthew expressed the following thoughts:

I nearly missed one or two sessions due to tiredness: : : | have
assignments and a lecture in the morning:::. it was rather
hard to concentrate if | was tired: :: However, the follow-up
on contacting me and completion of the logbook did help me
to remember to do my training.

Johnna reported similar concerns: | was distracted twice: : :
waking up too early made me de-motivated and tired: :: it was
hard to manage my time for the imagery.

Finally, participants suggested recommendations, including
longer imagery periods (Christian, Matthew), shorter imagery
periods (Andrew), weekly follow-ups (Matthew), having a
performance test between imagery sessions (Anna), measuring
HR in every session (Matthew), adding a breathing exercise
before imagery (Johnna), using their own earphones (Jackson),
and increasing the frequency of imagery sessions (Anna,
Matthew). Matthew said, | think it should be more, as 12
sessions is not enough for me. | suggest 20 sessions will be
ideal: ::
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FIGURE 4 | Mean heart rate (HR) from tg to ts40 across Sessions 1 and 12.

TABLE 2 | Pre- and post-intervention scores for somatic anxiety, cognitive anxiety, and self-con dence (N = 63).

Source Pre-intervention Post-intervention tyo p d
Somatic anxiety

URM M (SD) 16.38 (3.53) 12.67 (2.76) 5.06 <0.001 1.10
UAM M (SD) 16.05 (5.14) 14.38 (4.49) 2.34 0.03 0.51
NM M (SD) 16.14 (4.93) 14.43 (4.49) 2.00 0.06 0.44
Cognitive anxiety

URM M (SD) 20.10 (5.78) 13.62 (4.63) 5.09 <0.001 1.11
UAM M (SD) 20.86 (8.31) 17.90 (6.24) 2.05 0.06 0.45
NM M (SD) 19.52 (6.13) 17.05 (6.68) 3.23 0.004 0.70
Self-con dence

URM M (SD) 26.29 (3.70) 33.33 (3.60) 6.97 <0.001 152
UAM M (SD) 28.57 (5.63) 29.05 (7.23) 0.45 0.66 0.10
NM M (SD) 28.86 (5.00) 30.76 (4.62) 2.12 0.06 0.46

URM, unfamiliar relaxing music; UAM, unfamiliar arousing music; NM, no music.

DISCUSSION

We investigated e ects of unfamiliar relaxing and arousing
music during imagery training on subsequent dart-throwing
performance, physiological arousal indices, and competitive state
anxiety. Imagery ability was con rmed as being su ciently
well developed and equal across groups, prior to participants
completing 12 sessions of imagery training accompanied by one
of three music conditions (URM, UAM, NM) over a 4-week

period. Dart-throwing performance was assessed before and after
the intervention. Di erences in mean performance scores among
the music conditions at the pre-intervention stage were not
statistically signi cant. Performance gain scores among the music
conditions were evaluated rather than comparing speci ¢ pre-
and post-intervention scores, as recommended by Huck and
McLean (1975), as a statistical strategy to minimize the e ect
of pre-intervention di erences between groups. As hypothesized,
imagery training had a positive e ect on performance for all
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music conditions and URM was associated with the highest
performance gain scores. Participants who listened to URM
improved signi cantly more (22.3%) than those in the UAM
(9.6%) and NM (7.1%) groups.

Improvement by the NM group can be attributed to
the combined bene ts of the imagery intervention and the
practice e ect of completing the dart-throwing task twice.
The additional improvement by the UAM group can be
attributed to the augmentation of imagery with arousing
music, whereas the much greater improvement by the URM
group highlights the importance of using relaxing rather than
arousing music to accompany imagery in order to maximize
the performance bene t in ne motor skills, such as dart-
throwing. Dorney et al. (1992) reported that music did not
enhance the bene ts of imagery on dart-throwing performance,
although the methodological limitations of that study have been
noted (Karageorghis and Terry, 1997). Other studies are more
aligned with our ndings. A triangulation interview study on
NCAA Division 1 collegiate athletes concluded that music is
an important facilitator of imagery (Sorenson et al., 2008),
becoming an essential element in athletes’ pre-performance
imagery routines. Athletes reported that music enabled them to
focus on their imagery routine, block out distractions, and reduce
anxiety. Further, in his seminal work on visuo-motor behavior
rehearsal, Suinn (1976) proposed the bene ts of preceding
imagery rehearsal with a relaxation exercise. Our results support
Suinn’s proposition by demonstrating that performance bene ts
were greater when imagery was used in conjunction with relaxing
music.

Results from the physiological measures indicated consistent
changes in GSR, PT, and HR that re ected greater reductions
in arousal for the URM group than for either the UAM or
NM groups. Visual inspection of Figures 2 4 shows consistent
patterns of responses, wherein the three groups commenced
the imagery sessions at similar levels of arousal but steadily
diverged during the 9 min that the imagery sessions lasted.
Relaxing music, as hypothesized, was associated with the greatest
reductions in arousal, arousing music was associated with the
smallest reductions in arousal, with the NM group falling in
between the two music conditions. Although these trends are
unsurprising, it is noteworthy that the combination of imagery
and arousing music produced a clear relaxation e ect, rather than
increasing arousal, during the imagery training sessions. It is also
noteworthy that imagery produced a relaxation e ect over the
course of the sessions even in the absence of music. A practice
e ect was apparent, in that all three groups commenced and

nished Session 12 at lower levels of arousal than the equivalent
time in Session 1. The signi cant interaction e ect between
condition and time for GSR may indicate habituation to the
UAM by the UAM group. In essence, the unfamiliar may have
become familiar over the course of 12 imagery sessions, re ected
in arousal declining only marginally during Session 1 due to
the novelty of the arousing music, but declining signi cantly
during Session 12 as the music became more familiar and its
arousing qualities declined. This e ect is more apparent for
GSR measures compared to PT and HR, suggesting that among
the three psycho-physiological indices used, GSR is the most

sensitive indicator of autonomic nervous system activity. Kuan
et al. (2017) reported similar results for GSR compared to
PT and HR.

Self-report measures were included in the present study to
assist interpretation of physiological changes in arousal level.
Greater improvements in CSAI-2R scores were evident for the
URM group than the other two groups from the pre- to post-
intervention dart-throwing assessments. These results provide
support for the proposition that reductions in physiological
arousal were associated with relaxation rather than boredom
or drowsiness. It is likely that both the imagery process
and the music contributed to the observed changes in state
anxiety and self-con dence scores. According to Morris et al.
(2005), numerous studies in sport have shown that imagery
training can decrease anxiety and increase self-con dence, often
resulting in enhanced performance. For example, Hanrahan
and Vergeer (2001) demonstrated that an imagery intervention
provided for modern dancers reduced state anxiety and increased
self-con dence, as well as helping to clarify goals and focus
attention.

Most imagery studies that recorded state anxiety and self-
con dence scores did so because the imagery intervention was
designed speci cally to reduce anxiety or enhance con dence.
Although this was not the primary focus of our study, participants
were encouraged to imagine successful performance outcomes,
a strategy previously shown to enhance self-con dence (e.g.,
Wesch et al., 2016). The use of relaxing music during imagery in
the present study may have played an important role in reducing
state anxiety. For example, Elliott et al. (2012) provided support
for the application of relaxing music in reducing competitive
state anxiety and Seaward (2002) recommended that listening to
relaxing music for 1 h a day could signi cantly reduce anxiety.

Researchers have reported that increases in self-con dence
tend to accompany reductions in state anxiety (\Woodman and
Hardy, 2003). Our results supported the proposal that listening
to relaxing music during imagery was e ective in decreasing
competitive state anxiety and increasing self-con dence for

ne motor skill performance. The subjective experiences of
participants derived from the interviews at the end of the
study indicated that they bene ted from imagery regardless of
research condition. Imagery was associated with improvements
in performance, enhanced relaxation, and a more positive
mindset. In addition, all four interview participants who
completed imagery with music reported that the music created
more motivation, fun, and excitement, which motivated them to
perform the imagery training.

One limitation of the present study was that we provided
no instructions to participants about the number of times they
should imagine throwing a dart at the target during each session.
Instead, participants paced their own imagery. Hence, there was
inconsistency in number of throws imagined, which may have
in uenced performance. However, we found no study in the
literature that had assessed the impact of number of imagery
repetitions on performance. The evidence we gleaned from
observing participants and inviting their feedback in logs and
interviews suggested there were no systematic di erences in
number of imagery repetitions between the three experimental
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conditions. Nevertheless, we recommend that the number of
imagery repetitions is controlled in future studies in this area of
investigation.

Given that we interviewed only two participants from each
music condition, their responses have limited generalizability
and we recommend that additional qualitative investigations be
conducted to explore the e ects of music on imagery more
fully. Di erences in dart-throwing performance among the three
music conditions at the pre-intervention stage are also noted.
Although these di erences were not signi cant and use of gain
score analysis ameliorated their potential e ects, we recommend
that future studies allocate participants to music conditions using
matched pre-intervention performance scores.

Future Research

Our results raised a number of considerations that warrant
further investigation. For example, some researchers (e.g.,
Karageorghis and Priest, 2012) have emphasized the bene ts
of music for sport performance as part of pre-competition
routines, and Terry (2004) provided speci ¢ examples of how
elite athletes have used music within pre-competition routines
to regulate mood and arousal. However, we found no studies
that examined e ects of music presented in contexts temporally
removed from performance. Given that some sports prohibit
athletes from using any form of music player in the competition
venue, it may be di cult for performers to use music as part of
their pre-competition routines during events. Therefore, further
investigations of the extent to which a program of imagery with
music completed well in advance of competition might bene t
subsequent performance, would be worthwhile.

One bene t of examining the impact of imagery on novices
is that they have greater scope for improvement than more
experienced performers. Some researchers have reported that
novices may bene t more than elite performers from listening to
music in the context of sporting performance (e.g., Karageorghis
and Priest, 2012) whereas others have argued that imagery
is more e ective with skilled performers than novices (Blair
et al., 1993; Morris et al., 2005). A challenge for future research
would be to clarify whether imagery conducted in combination
with music provides performance bene ts for highly skilled
performers and therefore we recommend that the present
study is replicated among elite athletes using context-speci c
performance tasks rather than dart-throwing. In particular, it
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