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When people listen to music, they hear beat and a metrical structure in the rhythm; these perceived patterns en-
able coordination with the music. A clear correspondence between the tempo of actual movement (e.g., walking)
and that of music has been demonstrated, but whether similar coordination occurs during motor imagery is un-
known. Twenty participants walked naturally for 8 m, either physically or mentally, while listening to slow and
fast music, or not listening to anything at all (control condition). Executed and imagined walking times were re-
corded to assess the temporal congruence between physical practice (PP) and motor imagery (MI). Results

PsycINFO codes: N < h = > A )
2340 showed a difference when comparing slow and fast time conditions, but each of these durations did not differ
2330 from soundless condition times, hence showing that body movement may not necessarily change in order to syn-
chronize with music. However, the main finding revealed that the ability to achieve temporal congruence
Keywords: between PP and MI times was altered when listening to either slow or fast music. These data suggest that
:\Tasefy when physical movement is modulated with respect to the musical tempo, the MI efficacy of the corresponding
usic

movement may be affected by the rhythm of the music. Practical applications in sport are discussed as athletes

Temporal congruence
Mental chronometry

frequently listen to music before competing while they mentally practice their movements to be performed.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Whether music influences our physical movement, especially in
sport psychology and physical rehabilitation, has raised considerable in-
terest among researchers over last two decades (Karageorghis & Terry,
1997; Karageorghis, Terry, Lane, Bishop, & Priest, 2012; Koelsch, 2009;
Zimmerman & Lahav, 2012). Although different features of music have
been shown to have large effects on aspects of human behavior ranging
from mood to endurance, one of the most important components un-
derlying motor skill acquisition and performance is the rhythm of the
music (Smoll & Schult, 1982). Indeed, when people listen to musical
rhythm, they perceive a tempo corresponding to the strongest or most
salient temporal pulse, and these perceived patterns enable body coor-
dination with the music (Large, 2000). Accordingly, Moelants (2002)
stated that there is a clear correspondence between the tempo of spon-
taneous movements, as observed in walking, clapping and finger tap-
ping, and tempo perceived in music. In a seminal experiment, Styns,
van Noorden, Moelants, and Leman (2007) focused on the basic link be-
tween walking tempo, walking speed, and musical tempo. They showed
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that people can synchronize walking movements with music over a
broad range of tempi, and concluded that music, as a background phe-
nomenon, is likely to influence a basic bodily activity in an unconscious
way. Nowadays, a substantial number of experimental studies found
that faster tempo in music makes people move faster when doing phys-
ical work compared to slow music (Crust & Clough, 2006; Edworthy &
Waring, 2006; Waterhouse, Hudson, & Edwards, 2010).

Motor imagery (MI) has been extensively used to improve an
athlete's or musician's performance, and to accelerate recovery from in-
jury. Ml is the conscious mental simulation of actions involving our
brain's motor representations in a way that is similar to when we actu-
ally perform movements (Jeannerod & Decety, 1995). Psychophysical
experiments have shown that imagined and executed movements pre-
serve the same spatiotemporal characteristics, especially in highly auto-
matic or cyclical movements, hence suggesting that covert and overt
stages of actions share similar motor representations (for review, see
Guillot, Hoyek, Louis, & Collet, 2012), that support the principal of func-
tional equivalence (Holmes & Collins, 2001). Accordingly, mental chro-
nometry paradigms are commonly used to assess the ease/difficulty
encountered in preserving the temporal characteristics of the motor
performance (Guillot & Collet, 2005; Malouin et al,, 2007; Papaxanthis,
Pozzo, Skoura, & Schieppati, 2002). It is worth noting that previous re-
search provided strong evidence that unless MI time is equivalent to
that of physical practice (PP), it will not be as effective in achieving its
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desired effects (Guillot & Collet, 2008; Holmes & Collins, 2001). Such
temporal congruence between MI and PP, however, is not systematic
as several influencing factors may lead to an over- or underestimation
of the movement duration during MI (e.g., complexity and duration;
Debarnot, Sahraoui, Champely, Collet, & Guillot, 2012; Guillot & Collet,
2005).

Previous research has integrated music into imagery in order to
contribute to the vividness of the imagined scenes, and facilitate the
formation of the mental images. Indeed, it has been demonstrated that
participants used visual imagery more readily when listening to music
(Osborne, 1981; Quittner & Glueckauf, 1983). Tham (1994) further
found significantly higher movement imagery vividness when partici-
pants imagined while listening to music, when compared to a no-
music group. However, these studies failed to mention the types of
music, how the music was selected, the imagery instructions, or the
modality of imagery used. Yet, research that has examined the effect
of musical features (e.g., tempo) on imagery ability remain unknown,
despite the fact that Clark, Williamon, and Redding (2012) recently con-
firmed the reliability of mental chronometry recordings for assessing
musical imagery ability.

Spurred by the results mentioned above and considering the
growing interest and application of both MI and music in sport
and rehabilitation, the present study was designed to determine
whether and to what extent different music tempi may contribute
to MI ability (i.e., temporal equivalence between MI and PP). We
tested whether fast and slow tempi of music could elicit a modula-
tion of PP and MI locomotion times with respect to soundless condi-
tion, and consequently whether the temporal congruence may be
maintained with respect to such different patterns of musical
tempo.

2. Method
2.1. Participants

A sample of 20 healthy volunteers aged between 23 and 44 years
(mean age: 30.9 4 6.2 years, 11 women) was recruited. Participants
with chronic and current major medical illness or injury, medication
and drug consumption were excluded from the experiment. All partic-
ipants reported that they had not received formal musical education
for more than five years during their school years nor did they play
any musical instrument in the last 5 years. By using a Likert-type scale
(from 1 = never to 5 = frequently), participants indicated to what ex-
tent they usually listen to music while they walk or run. The mean score
was 2.55 £ .30, and few (n = 5) indicated that they listen to music quite
a lot/frequently during day-time walking. Prior ethical approval was
granted by the local ethics committee at the University of Paris
Descartes, and all participants signed an informed consent form. The
procedure of the experiment and the tasks were explained, but no infor-
mation was provided about the objectives of the study or the variables
of interest.

2.2. Questionnaires

First, all participants filled out a subjective measure of alertness and
fatigue using the Stanford Sleepiness Score (Hoddes, Dement, &
Zarcone, 1972). This is an introspective measure of sleepiness in
which participants rate their alertness at the beginning of the experi-
ment, using an 8-point scale. The individual MI ability was then evaluat-
ed to ensure that the sample did not include individuals with extremely
high or low MI ability, which could have influenced the capacity to
imagine in real-time, and therefore explain changes in the MI times.
The revised Movement Imagery Questionnaire (MIQ-3, Williams et al.,
2012) was thus administered to each participant.

2.3. Musical apparatus and stimuli

In order avoid contaminating the music with extra-musical associa-
tions and surface cues (such as those related to popularity, language,
ethnic origin, gender, and gender preference), music stimuli did not
include vocal performances involving lyrics, nor instrumental cover-
versions of well-known popular tunes. Only neutral sounding instru-
mental pieces were included. Given those criteria, two slow tempo
tracks (56 and 63 bpm, total duration: 7.43 min) and two fast tempo
tracks (both 132 bpm, total duration: 8.12 min) were chosen from a
selection of music used in the study by Brodsky (2002). The music
was played with an mp3 player (Apple IPod Nano, weight 30 g) and
headphones (Sennheiser IE 80). The subject adjusted the music volume
comfortable to him or her, and remained with the same volume for the
other musical condition (individuals differed in the volume they pre-
ferred but peak values were in the range 70-85 dB). During music walk-
ing conditions, participants kept the mp3 player in their pockets.

24. Experimental procedures

The experiment took place in a quiet room, lit by homogeneous
white light, that is, in stable and reproducible environmental conditions.
All participants performed a simple locomotion task similar to that used
in previous studies, i.e. mentally and physically walking over a distance
of 8 m along a specified straight path toward a finish line drawn on the
floor (Debarnot et al., 2012; Decety, Jeannerod, & Prablanc, 1989;
Papaxanthis et al., 2002). They performed three walking conditions
(soundless, slow music and fast music) with a randomized-design be-
tween mental and physical trials. Then, in order to avoid order effects,
the experimental conditions were also randomized within each session,
and counterbalanced between subjects.

Before the first walking condition, two PP trials without music were
run to keep participants from imagining doing the task without having
physical information beforehand. Participants were required to physi-
cally and naturally walk at a self-selected paced speed along a delimited
path. After completing these two trials, they began one of the three
walking conditions (soundless, slow and fast), and randomly performed
10 PP and 10 MI trials. A total of 30 PP and 30 MI trials were thus per-
formed, and both PP and MI times were recorded. Each experimental
condition lasted approximately 8 min, hence no music section had to
be repeated on a subsequent trial, and participants had no trouble re-
maining focused due to mental fatigue (Roure et al., 1999). Importantly,
before beginning the two musical conditions, participants stood upright
and listened to the music for 1 min before beginning the first trial. Dur-
ing the condition without music, the experimenter audibly instructed
the participant to either practice physically or mentally the path, but
while the music was administrated, the experimenter motioned a
thumbs-up for a PP trial or a thumbs-down for an MI trial. An electronic
digital stopwatch (model 365515; Extech Instruments, Waltham, MA)
with a temporal resolution of .001 s was used by the participants to re-
cord PP and MI times. They were requested to trigger the timer as soon
as they physically or mentally left the initial position, then practiced the
entire movement, and stopped the timer when arriving at the finish
line, before giving back the timer to the experimenter. They never re-
ceived feedback on their movement timing to avoid any influence for
subsequent trials. Walking conditions were separated by a 5-min
break period during which individual debriefings were scheduled to in-
vestigate adherence to the intervention and individual compliance with
the instructions. Specifically, participants were asked to describe the na-
ture of their imagery and, to inform the experimenter of any difficulties
encountered in forming the mental images. To measure MI vividness,
participants were requested to evaluate the quality of their mental im-
ages using a Likert-type scale (from 1 = inaccurate Ml to 5 = extreme-
ly vivid MI). After each musical condition, participants further
completed the second version of the Brunel Music Rating Inventory
(BMRI-2, Karageorghis, Priest, Chatzisarantis, & Lane, 2006) to assess
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the motivational qualities of music with each item referring to an action,
a time, a context, and a target (e.g., “The rhythm of this music would
motivate me during the locomotion”). It is a 6 single-factor, where par-
ticipants responded using a 7-point Likert-type scale, anchored by 1
“strongly disagree” and 7 “strongly agree”.

An imagery script based on previous published imagery studies was
read to the participants (see Appendix A), who were explicitly
instructed to combine internal visual imagery (first-person perspective)
and kinesthetic imagery concurrently (Callow & Roberts, 2010). Accord-
ingly, participants imagined the skill from their own vantage point dur-
ing the first-person imagery perspective, while kinesthetic imagery
involved the sensations of how it feels to perform the action, including
the force and effort involved in movement and balance (Callow &
Walters, 2005).

2.5. Data analysis

For each experimental condition (soundless, slow and fast music),
we reported mean PP and MI locomotion times. To assess temporal con-
gruency, we further computed the absolute value of difference between
PP and MI times (|PP — MI|). Given that MI duration may be longer or
shorter than that of actual execution, absolute values are appropriate
as a result near zero, and therefore indicated a strong ability to elicit ac-
curate mental images. Afterwards, 2 (PP vs. MI) x 3 (soundless, slow and
fast music) analyses of variance with repeated measures (ANOVARM)
and Bonferroni post-hoc comparisons were performed to evaluate the
effect of music on PP and MI locomotion times. In a subsequent analysis,
in order to minimize possible baseline differences among subjects, an
ANOVARM was also performed on the absolute difference between PP
and Ml times (|PP — MI|) for each experimental condition. The Pearson's
correlation test was also used to assess the linear correlation between PP
and MI times in each condition. We finally used scores from question-
naires to provide descriptive information about individual MI ability.
The results are presented as a mean (standard error), with p < .05
being considered critical for assigning statistical difference.

3. Results
3.1. Baseline measures

The mean Stanford Sleepiness Score was 1.85 (.74), and no subject
was assessed above the sleepy value (i.e., 3), thus attesting to the
“good level” of alertness. Mean MIQ-3 scores were 22.05 (.99) for exter-
nal visual imagery, 20.35 (1.13) for internal visual imagery, and 18.15
(1.14) for kinesthetic imagery. An ANOVArRM showed a main effect of
MI MoDALITIES (F353 = 1.55, p = .21), and as expected, external visual
imagery scores were higher than kinesthetic imagery scores (p < .05),
but did not differ from internal visual imagery scores (p = .79).

3.2. Behavioral data

The data, as summarized in Table 1, revealed a main effect of
music (Fy19 = 4.26, p < .05), but no effect of PRACTICE CONDITION (F; 19
= .03, p = .86) nor a MUSIC X PRACTICE CONDITION interaction (F 19 =
.46, p = .25). Bonferroni post-hoc comparisons showed a difference

Table 1

Mean (standard deviations) movement times in the soundless, slow and fast conditions.

Soundless Slow Fast

PP Mean 6.88 6.97 6.58

SE 21 .20 .20

MI Mean 6.73 7.25 6.58

SE 32 44 45

[PP — M| Mean 63 1.11 1.37

SE 12 22 .19

when comparing slow and fast times (p <.01), regardless of the
practice condition; but these durations did not differ from soundless
times (p = .31 in the slow condition and p = .66 in the fast condi-
tion, Fig. 1).

In a second analysis, focus was placed on the temporal congru-
ence given by the relative time difference between PP and MI prac-
tice [PP — MI|, with respect to each experimental condition. An
ANOVARM on |PP — MI| showed an effect of music (F,35 = 7.80,
p <.001), and post-hoc comparisons revealed that the ability to
achieve temporal congruence between PP and MI times signifi-
cantly decreased when listening either to slow (p < .05) or fast
music (p <.001, Fig. 2).

Finally, correlation analyses revealed a positive, but decreasing, corre-
lation between PP and MI times in the soundless (r = .83, p < .001), slow
music (r = .71, p < .001) and fast music (r = .58, p <.01) conditions.

3.3. Assessment of imagery use and tempo motivation

The rating of the vividness of mental images after the soundless con-
dition was 3.2 (.21), whereas it was 2.9 (.23) in the slow condition and
2.55 (.15) in the fast condition. No difference was found when compar-
ing Ml ratings in soundless and slow conditions (t = .96, p = .76), while
subjects reported more difficulties in forming mental images during the
fast condition (t = .2.4, p < .05). During the debriefing, participants re-
ported that they used the MI type outlined in the scripts.

The BMRI-2 scores for the motivational music condition was 14
(1.50) for the slow tracks and 21.25 (2.14) for the fast tracks. As expect-
ed, results revealed a significant difference between the motivational
quotients of these selections (t = 2.98, p < .05).

4. Discussion

The purpose of the present study was to test the effects of slow and
fast musical tempi on the ability to achieve temporal congruence be-
tween PP and MI. First, data showed a difference when comparing loco-
motion times during slow and fast music conditions, but these durations
did not differ from that of the soundless condition, hence showing that
background music does not necessarily modulate movement speed. The
main finding of this experiment revealed that the temporal congruence
between PP and MI was altered with both musical tempi. These results
provide evidence that MI quality might be affected while listening to
music and that MI temporal features may be primarily impacted,
which may, in turn, be harmful to the subsequent overt execution of
movement (Guillot & Collet, 2008).

There is compelling evidence that people spontaneously coordinate
periodic motor activity with musical rhythms, a phenomenon defined
earlier as generalized synchrony (Chen, Penhune, & Zatorre, 2008;
Phillips-Silver & Trainor, 2005). The present results seem to challenge
this statement as it was found that compared to the soundless
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Fig. 1. Physical and MI locomotion times during soundless, slow and fast music conditions.
Walking time modulated between the incorporation of slow and fast musical tempi,
though no significant difference was found in the soundless condition.
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Fig. 2. Temporal congruence between PP and MI during soundless, slow and fast music
conditions. Based on the slight modulation of walking time induced by the administration
of music, the temporal congruence was expressed by an index |PP — M| in each experi-
mental condition. Walking with slow or fast musical tempo had an impact on the ability
to use ML

condition, slow and fast musical tempi did not significantly modulate
the walking speed during both physical and mental practice. However,
analyses revealed that there was a difference between slow and fast
musical conditions, hence indicating that changes in background
tempo influenced the locomotion speed. Speed was further modulated
with respect to the type of the tempo, independent of the practice con-
ditions. Interestingly, using a locomotion task, Murray, Drought, and
Kory (1964) asked subjects to walk along a limited path of 4.9 m, in
pace with a metronome at 112 steps/min. The authors found that sub-
jects did not reach a “steady state” of locomotion over such short dis-
tances, and there was the possibility that a predetermined path may
cause an adjustment of stride length to accommodate the available dis-
tance. Here, subjects were required to walk at a self-paced speed in a
straight ahead direction which was limited (8 m), while no explicit in-
struction was given to synchronize steps with the musical tempo, nei-
ther physically nor mentally. Taking these factors into account, it can
be hypothesized that locomotion movement may have required more
time to synchronize with musical tempi.

The major innovative finding of this study is that the temporal con-
gruence between PP and MI was altered during musical conditions.
More specifically, when computing the |PP — MI| index, we found that
both slow and fast musical tempi impacted the ability of using MI,
with the stronger effect occurring during the fast music condition. This
finding is consistent with the subjective assessment following this con-
dition, which is in keeping with the conclusions by Johansson (2011),
who postulated that fast musical tempo might make the imagery of mu-
sical excerpts more difficult due to the smaller window of time to main-
tain the integrity of imagined pitches and rhythms. Here, we postulate
that a musical tempo adjunct was harmful by limiting the reactivation
of movement within the working memory (WM). Baddeley (1986) de-
veloped the concept of WM into a three-component system, comprising
a limited capacity attention controller, aided by two subsystems, one
concerned with acoustic and verbal information (phonological loop)
and the other performing with visual and spatial information (visuo-
spatial sketchpad). Accordingly, musical information is thought to be
processed by the phonological loop (Sharps & Pollitt, 1998), while the
image generation process operates within the visuo-spatial sketchpad
(Quinn & McConnell, 2006). During this process, MI information can
then be subjected to different transformations, and further maintained
in the WM, which requires the allocation of mental effort. Here, cogni-
tive overload can result from overtaxing the limited cognitive resources
in the WM during MI when listening to music, hence altering the tem-
poral congruence between PP and MI. Likewise, the network underlying
Ml includes the prefrontal and the anterior cingulate cortex (Decety,
1992), brain regions which are also involved in WM and attention
(Smith & Jonides, 1995). Accordingly and based on the present findings,
it would be advantageous to carry out further research to test whether

listening to music influences MI time when task complexity and dura-
tion are also taken into consideration.

In a neuroimaging study, Oullier, Jantzen, Steinberg, and Kelso
(2005) reported that real and imagined rhythmic coordination of
movement with auditory pacing sequences recruit similar brain re-
gions, including motor and auditory networks, albeit the magnitude of
activations were lower during MI. The authors suggested that the great-
er activity in the pre- and post-central gyri (M1/S1) and the superior
temporal gyrus (auditory cortex) during covert movement may reflect
processes in which perceptual and motor systems can interact to influ-
ence coordinative stability. Likewise, Zatorre, Chen, and Penhune
(2007) further suggested that interactions between posterior auditory
and premotor cortices mediate the higher-order temporal organization
(rhythm) that is responsible for integrating feedforward and feedback
information during performance and perception. However, there is a
lack of direct feedback during mental practice, which is supported by
the lower activation in the cerebellum compared to motor execution
(Ivry et al., 1988; Rao et al.,, 2001). Thus, the absence of direct feedback
during MI added with less activation in the motor system and especially
superior temporal gyrus might have impacted the efficacy of ML

Although it is premature to draw definitive conclusions about the
music constraint on MI efficiency, the present study demonstrates
that background musical tempo is likely to alter the temporal congru-
ence between PP and MI. Exploring further this issue is of importance
in the sport context as several athletes listen to music before competi-
tion, mostly to relieve stress (Vlachopoulos, Karageorghis, & Terry,
2000), while they mentally (sometimes simultaneously) repeat their
movements to be performed. In the same vein, MI is frequently used
by musicians, who attach great importance to the audiomotor loop to
guide motor performance (Lotze, 2013). Accordingly, Wollner and
Williamon (2007) provided evidence that timing performance consis-
tency might be substantially improved when using imagery along
with kinesthetic feedback. Finally, there is no doubt about the respec-
tive beneficial effect of MI and music during the classical course of phys-
ical therapy (Sarkamo & Soto, 2012; Sharma, Pomeroy, & Baron, 2006),
but whether their combination is valuable is still unknown.

Appendix A

The following guidelines were given to participants in an MI script:
“Try imagining yourself performing the locomotor task with your eyes
open by visualizing and feeling the different movements as if you had
a camera on your head — you see and feel only what you would if you
were physically performing the action. Pay attention to each movement.
Only start the timer when you start feeling and seeing the first move-
ment, and keep the same speed throughout the entire motor sequence.
Just see and feel yourself going through the different steps of the se-
quential motor action”.
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