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Abstract

In running competitions portable music players and headphones are often
banned. In some cases, runners have been disqualified after using such devices during
competition. In this paper, it is discussed whether, aside from possible safety reasons,
such competition regulations make sense and whether music can have an ergogenic
effect on performance. Although a definitive conclusion on the regulation matter is
not of our concern here, we review evidence of the fact that music is capable of
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enhancing performance in running and a range of different sports, predominantly

for short duration exercise with low-to-medium intensity. The use of music players

can be beneficial for training. However, it is reasonable to avoid these devices and

headphones in case of championships for professional athletes.

ABBREVIATIONS

USATF: U.S. Track & Field; SPM: Steps Per Minute; BPM: Beats
Per Minute

INTRODUCTION

In May 2016, 48 runners were disqualified after running
the Beverley 10K race in Hull, England, since they were using
portable music players and wearing headphones during the
race [1]. This disqualification is not an isolated case and the use
of headphones is officially banned in many races. In the US for
instance, the USATF (the national governing body for the sports of
track and field) has banned the possession or use of video, audio,
or communication devices in the competition area for athletes
competing in Championships for awards, medals, or prize money
[2]. Previously, the USATF had even prohibited the employment
of headphones by all runners. However, since it became an issue
at several races its policy now leaves it up to the decision of the
race director in other affiliated races. But what if you were having
your medal or prize money seized because you were listening
to music while running? And aside from safety reasons, does it
make sense to implement such strong regulations for the use
of music players? Could music impact running behavior (or the
execution of other sports activities) to the extent that it might
boost performance?

In the last decade, scientific research came up with plenty
of evidence regarding the effect of music on sport and exercise
behavior. Music listening during sports activities is believed to
capture attention [3], distract from fatigue and discomfort [4],
prompt and alter mood states [5,6], increase arousal [7], relieve
stress, and evoke a sense of power and produce power-related
cognition and behavior [8]. The results of these studies apply

to a range of disciplines, such as rowing, cycling, and running
[9]. When considering the above-mentioned effects, it is clear
that music listening can impact runners in a positive manner.
However, besides music there are many other items that cannot
be controlled and that might cause similar cognitive-emotional
effects on attention, distraction, mood, arousal, stress, and
empowerment. One can hardly prohibit the consumption of,
for instance, energy drinks or caffeine; prevent exercisers from
wearing their favorite sneakers or practicing mindfulness. Given
that context, the main question is whether music is really capable
of enhancing performance. If this ergogenic effect of music is real,
moreover in combination with the earlier mentioned cognitive-
emotional effects, the view of Karageorg his and Terry (2010) on
music as “a legal drug for athletes” [10] might be reasonable and
the rationale behind the headphone ban in running competition
may be supported. But how could specific musical properties
manage to affect performance and to what extent do they do so?

Entrainment with musical tempo

A first musical feature that has been shown to successfully
impact performance is tempo. A famous example is the long-
distance track and road running athlete Haile Gebrselassie, who
broke the 10,000m world record in 1998 while running to the beat
of the 1995 hit song Scatman by Scatman John. Gebrselassie ran
many records with the songand declared: “If you watch back some
of my world records you can hear Scatman in the background.
The rhythm was perfect for running” [11]. In scientific research,
cyclists’ covered distance, power, and pedal cadence could be
increased by introducing music with faster tempi (while slower
tempi were shown to lead to decreases in these measures) [12].
In rowing research, similar effects were uncovered; shorter time
to completion and more strokes per minute were observed with
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faster tempi [13]. Results of studies on running behavior are well
in line with these observations, revealing a positive impact of
musical tempo boosts on work output (speed and cadence), but
also a negative influence in case of tempo decrease [14,15]. Thus,
music with a fast tempo tends to act as an external psyching-up
stimulus in repetitive endurance activities, while the opposite
effect is obtained through the use of slow tempi. It also seems
that the disposition to entrain running behavior with a musical
tempo is a natural or spontaneous one [16]. However, the level
of SPM/BPM entrainment is limited and can only be obtained up
to a certain degree, often referred to as the entrainment basin
[17]. According to this basin, runners proved to be incapable of
adapting beyond 2.00% of their original cadence. In addition,
the level of entrainment seems to diminish for tempo increases/
decreases of more than 2.50-3.00% [15]. Besides the ergogenic
effect of tempo increases, synchronous music was also shown
to provide benefits in running performance when compared to
asynchronous stimuli [18,19], as it may reduce the energy cost of
performance by improving neuromuscular metabolic efficiency
[20].

Entrainment with musical expression

Somestudiesdemonstrated thatexpressivemusical properties
might impact performance as well. Edworthy and Waring (2006)
revealed that boosts in the loudness of the stimuli enhance
running speed [14]. Research on walking behavior suggested that
differences in stride length and walking velocity could be linked
to specific expressive sound characteristics in the music [21-23].
Examples of such characteristics are energy and pitch related
features, but also the way in which these features recur over
time [22,23]. These studies revealed that binary emphases in the
musical rhythm, stressing each alternating beat, tend to increase
walking velocity and stride length, while ternary emphases lead
to decreases. In addition, the absence of tonal diversity tends
to stimulate walking performance, while a negative effect was
observed when introducing increases in the level of complexity
of the rhythmic structure. Running performance can also be
enhanced through the use of music reported by the exercisers
to be motivational [24]. Generally, motivational music has been
shown to be rather fast and consisting of catchy melodies and
inspiring lyrics, an association with sporting endeavor, and a
bright, uplifting harmonic structure [25].

Intensity of the exercise

Research indicated that the ergogenic effect of music depends
on the intensity of the exercise. Enhancement effects seem to
decrease with increasing intensity levels. At high intensity levels,
physiological cues seem to dominate the exerciser’s processing
capacity, while at the more moderate levels; both musical
and physiological cues can be processed in parallel. When the
workload becomes too high, the exerciser’s attention is typically
shifted towards the painful or fatiguing effects of the exercise and
music tends to lose its power to influence work output [26-30].

Given the fact that intensities in competition are generally
high, and that professional athletes tend to neglect external
stimuli more than recreational exercisers, it may be the case that
music is less influential at the top level [30,31]. However, the case
of Gebrselassie provides a counter example and current trends

in research suggest that music tools become more intelligent
and adaptive so that they might also impact performance during
competition [32,33].

Development of multimodal music interfaces

With the appearance of a new generation of smart music
players [32,33], it becomes possible to personalize real-time
manipulations of musical parameters in view of an optimized
ergogenic effect. D-Jogger, for example, is an application that
uses the accelerometer of a mobile media player to analyze
body movement in order to dynamically select music and adapt
its tempo and phase to the user’s pace in order to enhance
performance [33]. Besides, an entire range of commercial music-
to-movement alignment apps aiming to impact performance
(often to a limited extent based on research findings) is available.
In combination with the already existing devices for monitoring,
such as body area networks that capture heart rate, temperature,
and other physiological parameters, it is clear that smart music
players become powerful multimodal interfaces for sports and
exercise activities. Their effectiveness for training has a huge
potential, while their use during competition can be questioned.

DISCUSSION & CONCLUSION

Music can have ergogenic effects on running performance,
at least up to a certain limit. In the light of new developments
in the field of smart multimodal music interfaces, the effects
of music may even be enhanced so that music becomes a sort
of a “personalized, legal drug”. In order to obtain such effects,
the right musical excerpts should be selected and particular
manipulations may be needed to fully optimize the effect for
a particular athlete. Seen from the viewpoint of organizers of
sports events, it may be impossible to fully comprehend the
power of the music playlist used by an individual runner during
a race, and it will become even more difficult when considering
this new highly technological variety of music players. Although
further studies are needed on the matter, it is not unreasonable
to circumvent the use of portable audio devices and headphones
in case of championships for professional athletes.

ACKNOWLEDGEMENTS

This research has been supported by Beat Health (contract
#610633), a collaborative project funded by the European
Commission under the Seventh Framework Program.

REFERENCES

1. Anger of Beverley 10k runners disqualified for wearing headphones.
2016.

2. USATF amends headphone rule. 2016.

3. Priest DL, Karageorghis CI. A qualitative investigation into the
characteristics and effects of music accompanying exercise. Eur Phys
Educ Rev. 2008; 14: 347-366.

4. Yamashita S, Twai K, Aktmoto T, Sugawara ], Kono I. Effects of music
during exercise on RPE, heart rate and the autonomic nervous system.
] Sports Med Phys Fitness. 2006; 46: 425-430.

5. Heiderscheit BC, Chumanov ES, Michalski MP, Wille CM, Ryan MB.
Effects of step rate manipulation on joint mechanics during running.
Med Sci Sports Exerc. 2011; 43: 296-302.

6. Noehren B, Davis I, Hamill ]. ASB clinical biomechanics award winner

Ann Sports Med Res 3(6): 1082 (2016)

2/3


http://www.hulldailymail.co.uk/beverley-10k-runners-speak/story-29252361-detail/story.html
http://www.hulldailymail.co.uk/beverley-10k-runners-speak/story-29252361-detail/story.html
http://www.usatf.org/news/view.aspx?duid=USATF_2008_12_22_10_22_16
https://www.scribd.com/document/208478404/A-Qualitative-Investigation-Into-the-Characterists-Priest-Karageoghis
https://www.scribd.com/document/208478404/A-Qualitative-Investigation-Into-the-Characterists-Priest-Karageoghis
https://www.scribd.com/document/208478404/A-Qualitative-Investigation-Into-the-Characterists-Priest-Karageoghis
http://www.ncbi.nlm.nih.gov/pubmed/16998447
http://www.ncbi.nlm.nih.gov/pubmed/16998447
http://www.ncbi.nlm.nih.gov/pubmed/16998447
http://www.ncbi.nlm.nih.gov/pubmed/20581720
http://www.ncbi.nlm.nih.gov/pubmed/20581720
http://www.ncbi.nlm.nih.gov/pubmed/20581720
http://www.ncbi.nlm.nih.gov/pubmed/17728030

Van Dyck et al. (2016)
Email: edith.vandyck@ugent.be

@SCiMedCentra]

2006 prospective study of the biomechanical factors associated with
iliotibial band syndrome. Clin Biomech. 2007; 22: 951-956.

7. Lim HBT, Karageorghis CI, Romer LM, Bishop DT. Psychophysiological
effects of synchronous versus asynchronous music during cycling.
Med Sci Sports Exerc. 2014; 46: 407-413.

8. Hsu DY, Huang L, Nordgren LF, Rucker DD, Galinsky AD. The music of
power: perceptual and behavioral consequences of powerful music.
Soc Psychol Personal Sci. 2014.

9. Karageorghis CI, Priest DL. Music in the exercise domain: a review and
synthesis (Part I). Int Rev Sport Exerc Psychol. 2012; 5: 44-66.

10.Karageorghis CI, Terry P. Inside Sport Psychology. Champaign (IL):
Human Kinetics; 2010.

11.Haile Gebrselassie: In long distance, you have to be patient. 2016.

12.Waterhouse ], Hudson P, Edwards B. Effects of music tempo upon
submaximal cycling performance. Scand ] Med Sci Sports. 2010; 20:
662-669.

13.Rendi M, Szabo A, Szabé T. Performance enhancement with music in
rowing sprint. Sport Psychol. 2008; 22: 175-182.

14.Edworthy J, Waring H. The effects of music tempo and loudness level
on treadmill exercise. Ergonomics. 2006; 49: 1597-1610.

15.Van Dyck E, Moens B, Buhmann ], Demey M, Coorevits E, Dalla Bella S,
et al. Spontaneous entrainment of running cadence to music tempo.
Sports Med Open. 2015; 1: 15.

16.Large EW. On synchronizing movements to music. Hum Mov Sci. 2000;
19: 527-566.

17.Richardson M], Marsh KL, Schmidt RC. Effects of visual and verbal
interaction on unintentional interpersonal coordination. ] Exp
Psychol: Human Percept Perform. 2005; 31: 62-79.

18.Simpson SD, Karageorghis CI. The effects of synchronous music on
400-m sprint performance. ] Sports Sci. 2006; 24: 1095-1102.

19.Terry PC, Karageorghis CI, Saha AM, D’Auria S. Effects of synchronous
music on treadmill running among elite triathletes. ] Sci Med Sport.
2012; 15: 52-57.

20.Zatorre R], Halpern AR, Perry DW, Meyer E, Evans AC. Hearing in the
mind’s ear: a PET investigation of musical imagery and perception. ]
Cogn Neurosci. 1996; 8: 29-46.

21.Buhmann |, Desmet F, Moens B, Van Dyck E, Leman M. Spontaneous
velocity effect of musical expression on self-paced walking. PLoS ONE.

2016; 11: e0154414.

22.Leman M, Moelants D, Varewyck M, Styns F, van Noorden L, Martens
J-P. Activating and relaxing music entrains the speed of beat
synchronized walking. PLoS ONE. 2013; 8: e67932.

23.Styns F, van Noorden L, Moelants D, Leman M. Walking on music. Hum
Mov Sci. 2007; 26: 769-785.

24.Lane, AM, Davis PA, Devonport TJ. Effects of music interventions on
emotional states and running performance. ] Sports Sci Med. 2011; 10:
400-407.

25.Terry PC, Karageorghis CI. Music in sport and exercise. Morris T,
Terry PC, editors. The new sport and exercise psychology companion.
Morgantown (WV): Fitness Information Technology; 2011.

26.Hutchinson JC, Tenenbaum G. Attention focus during physical effort:
the mediating role of task intensity. Psychol Sport Exerc. 2007; 8: 233-
245.

27.Lima-Silva AE, Silva-Cavalcante MD, Pires FO, Bertuzzi R, Oliveira RSF,
Bishop D. Listening to music in the first, but not the last 1.5 km of a
5-km running trial alters pacing strategy and improves performance.
Int ] Sports Med. 2012; 33: 813-818.

28.Nethery VM. Competition between internal and external sources of
information during exercise: influence on RPE and the impact of the
exercise load. ] Sports Med Phys Fitness. 2002; 42: 172-178.

29.Razon S, Basevitch I, Land W, Thompson B, Tenenbaum G. Perception
of exertion and attention allocation as a function of visual and auditory
conditions. Psychol Sport Exerc. 2009; 10: 636-643.

30.Tenenbaum G. The study of perceived and sustained effort: concepts,
research findings, and future directions. Hackfort D, Duda ], Lidor
R, editors. Handbook of research on applied sport psychology.
Morgantown (WV): Fitness Information Technology; 2005.

31.Mohammadzadeh H, Tartibiyan B, Ahmadi A. The effects of music on
the perceived exertion rate and performance of trained and untrained
individuals during progressive exercise. Facta Univ Phys Educ Sport.
2008; 6; 67-74.

32.Moens B, Leman M. Alignment strategies for the entrainment of music
and movement rhythms. Ann N Y Acad Sci. 2015; 1337: 86-93.

33.Moens B, Muller C, van Noorden L, Franék M, Celie B, Boone ], et al.
Encouraging spontaneous synchronisation with D-Jogger, an adaptive
music player that aligns movement and music. PLoS ONE. 2014; 9:
e114234.

Cite this article

Van Dyck E, Leman M (2016) Ergogenic Effect of Music during Running Performance. Ann Sports Med Res 3(6): 1082.

Ann Sports Med Res 3(6): 1082 (2016)

3/3


http://www.ncbi.nlm.nih.gov/pubmed/17728030
http://www.ncbi.nlm.nih.gov/pubmed/17728030
http://www.ncbi.nlm.nih.gov/pubmed/24441216
http://www.ncbi.nlm.nih.gov/pubmed/24441216
http://www.ncbi.nlm.nih.gov/pubmed/24441216
http://spp.sagepub.com/content/early/2014/07/11/1948550614542345
http://spp.sagepub.com/content/early/2014/07/11/1948550614542345
http://spp.sagepub.com/content/early/2014/07/11/1948550614542345
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3339578/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3339578/
https://www.theguardian.com/lifeandstyle/the-running-blog/2013/may/10/haile-gebrselassie-interview
http://www.ncbi.nlm.nih.gov/pubmed/19793214
http://www.ncbi.nlm.nih.gov/pubmed/19793214
http://www.ncbi.nlm.nih.gov/pubmed/19793214
https://www.researchgate.net/publication/237007183_Performance_enhancement_with_music_in_rowing_sprint
https://www.researchgate.net/publication/237007183_Performance_enhancement_with_music_in_rowing_sprint
http://www.ncbi.nlm.nih.gov/pubmed/17090506
http://www.ncbi.nlm.nih.gov/pubmed/17090506
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4526248/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4526248/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4526248/
https://www.researchgate.net/publication/222530440_On_synchronizing_movement_to_music
https://www.researchgate.net/publication/222530440_On_synchronizing_movement_to_music
http://www.ncbi.nlm.nih.gov/pubmed/15709863
http://www.ncbi.nlm.nih.gov/pubmed/15709863
http://www.ncbi.nlm.nih.gov/pubmed/15709863
http://www.ncbi.nlm.nih.gov/pubmed/17115524
http://www.ncbi.nlm.nih.gov/pubmed/17115524
http://www.ncbi.nlm.nih.gov/pubmed/21803652
http://www.ncbi.nlm.nih.gov/pubmed/21803652
http://www.ncbi.nlm.nih.gov/pubmed/21803652
http://www.ncbi.nlm.nih.gov/pubmed/23972234
http://www.ncbi.nlm.nih.gov/pubmed/23972234
http://www.ncbi.nlm.nih.gov/pubmed/23972234
http://www.ncbi.nlm.nih.gov/pubmed/27167064
http://www.ncbi.nlm.nih.gov/pubmed/27167064
http://www.ncbi.nlm.nih.gov/pubmed/27167064
http://www.ncbi.nlm.nih.gov/pubmed/23874469
http://www.ncbi.nlm.nih.gov/pubmed/23874469
http://www.ncbi.nlm.nih.gov/pubmed/23874469
http://www.ncbi.nlm.nih.gov/pubmed/17910985
http://www.ncbi.nlm.nih.gov/pubmed/17910985
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3761862/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3761862/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3761862/
http://www.sciencedirect.com/science/article/pii/S1469029206000306
http://www.sciencedirect.com/science/article/pii/S1469029206000306
http://www.sciencedirect.com/science/article/pii/S1469029206000306
http://www.ncbi.nlm.nih.gov/pubmed/22592542
http://www.ncbi.nlm.nih.gov/pubmed/22592542
http://www.ncbi.nlm.nih.gov/pubmed/22592542
http://www.ncbi.nlm.nih.gov/pubmed/22592542
http://www.ncbi.nlm.nih.gov/pubmed/12032412
http://www.ncbi.nlm.nih.gov/pubmed/12032412
http://www.ncbi.nlm.nih.gov/pubmed/12032412
http://www.ncbi.nlm.nih.gov/pubmed/25773621
http://www.ncbi.nlm.nih.gov/pubmed/25773621
http://www.ncbi.nlm.nih.gov/pubmed/25489742
http://www.ncbi.nlm.nih.gov/pubmed/25489742
http://www.ncbi.nlm.nih.gov/pubmed/25489742
http://www.ncbi.nlm.nih.gov/pubmed/25489742

	Ergogenic Effect of Music during Running Performance
	Abstract
	Abbreviations
	Introduction
	Entrainment with musical tempo
	Entrainment with musical expression
	Intensity of the exercise
	Development of multimodal music interfaces

	Discussion & Conclusion 
	Acknowledgements
	References

