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Abstract 

The present experiment studied the effect of motivational music (MM) vs no music (NM) on performance, heart rate (HR), rate of perceived exhaustion (RPE) and power during a 3-minute maximal effort cycle. 9 participants (3 females and 6 males) were recruited for the study (average age 27.6 ± 7.05 years, height 172.6cm ± 6.77cm, weight 74.3kg ± 5.5kg). Participants completed two 3-minute maximal cycling trials, one under MM conditions and one in NM conditions, each trial was separated by 48 hours. An independent samples T-test was conducted to determine the statistical significance of both conditions. The results showed no statistical difference for power (sig 2 = 0.995), distance (sig 2 = 1), HR (sig 2 = 0.960) and RPE (sig 2 = 0.594) between both experimental conditions. The present study provides doubt as to the efficacy of music on improving sporting performance and perceived exhaustion. 
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Introduction

Music is a commonly used training aid by athletes and recreationally active individuals alike, with suggestions that it may increase work output, regulate mood, reduce inhibitions and improve recovery (Terry and Karageorghis, 2006; Eliakim et al., 2012).

 Researchers have studied the effect of different types of music on various aspects physical performance, with some contradictory results (Smirmaul, 2016).  Many studies have looked at the effect of music on anaerobic performance; Simpson and Karageorghis, (2006) studied the effect of synchronous music on 400m sprint times and found a significant positive effect. Tate et al., (2012) identified that music has a positive effect on performance during a 50m swim trial. However, Pujol and Langfeld (1999) found no differences between music and no music in peak power, time to fatigue and maximum power output on multiple Wingate tests separated by 30 seconds rest. The use of music during just the warm-up can also have a positive effect on anaerobic peak power output (Eliakim et al., 2007).  
 
The effect of music has also been studied on aerobic, sub-maximal performance. Karagheorghis et al., (2009) identified that music improved walk to exertion scores but did not impact upon rate of perceived exhaustion. Tate et al., (2012) studied the effect of music on 800m swim trail time and found a significant improvement in the presence of music.    
Yamashita et al., (2006) found that music made no improvement at 60% of VO2 max, but did improve performance at 40% VO2 max. They hypothesised this could be due to the cognition of fatigue being great at 60%. 

The effect of music on rate of perceived exhaustion (RPE) and heart rate has also been extensively researched. Music can have an effective passive distractor which can result in lower levels of RPE (Potteiger, Schroder and Goff, 2000; Copeland and Franks, 1991; Terry et al., 2012). Copeland and Franks (1991) also found that heart rate (HR) was slower when listening to soft/slow music compared to fast, upbeat music. However, other studies have found that there was no difference in HR between music and no music groups (Potteiger, Schroder and Goff, 2000; Szabo, Small and Leigh, 1999). 
2

It has been hypothesised that a few factors contribute to the potential effectiveness of music on performance and motivation. Firstly, the suitability of the music to the background of the individual both on a sociocultural and personal level. Secondly The natural reaction to the tempo and rhythm of the music. The musicality of said music, and lastly the extramusical associations triggered by the music (Terry and Karageorghis, 2006).  

There are a few different categories of music which have been used in the research. Some research has found that motivational music (that which is above 120 BPM, has a strong rhythm and enhances bodily movement) is beneficial (Karageorghis et al., 2006). Whereas others have found oudeterous music (neither motivating nor demotivating) as being equally effective (Simpson and Karageorghis, 2006; Terry et al., 2012). Music that is synchronous to the activity has also been studied and shown to be potentially beneficial (Terry et al., 2012; Simpson and Karageorghis, 2006; Karageorghis et al., 2009). Musical intensity (volume) is another variable that researchers manipulate. Karageorghis et al., (2018) found that fast tempo music played as a high intensity had significantly more effect than fast tempo music played at a low intensity. 

Methodology

Participants 

[bookmark: _Hlk38018743]9 individuals, 3 females and 6 males were recruited for the study (average age 27.6 ± 7.05 years, height 172.6cm ± 6.77cm, weight 74.3kg ± 5.5kg). The inclusion criteria included being aged 18 and over and having had experience using a Wattbike before. Participants were excluded if they had sustained an injury within the last 3 months and were recruited from the University of Wales Trinity Saint David campus sports teams and from posters put up in recreational areas and the gym. 

Instrumentation

Each participant used a WPC model B WattBike, serial number 25013422 for the 3-minute trail. The WattBike measured power and distance. A Polar heart rate monitor was used to measure heart rate, the monitor was connected to a watch and not the WattBike to ensure participants could not see their HR. Anthropometric data was collected using calibrated Seca 875 scales, manufactured in Hamburg and a stadiometer. RPE was measured on a scale of 1-10 and was collected verbally from the researcher.   3


Experiment Design 

Prior to each testing day, the participants were instructed to avoid all drinks (except water) and food for 2 hours before each experiment. Each participant completed a warm-up consisting of 2 minutes of cycling at 50% estimated max heart rate (220-age), 2 minutes at 60% estimated max heart rate and 1 minute at 70% max heart rate. They then completed a series of dynamic stretches. The same warm-up was repeated on both days. Each testing day consisted of a maximal 3-minute maximal cycling trial recording heart rate, distance, power and rate of perceived exhaustion (RPE). One trial was completed with motivational music (>120 bpm) and one trial was completed with no music. Testing days were separated by 48 hours. Participants were given verbal encouragement on each testing day to perform as maximally as possible.  

Musical Selection 

As the experiment was just 3 minutes long, just 1 song needed for each participant. All participants self-selected their own song, with the only criteria being that the song was above 120bpm. Any music above 120bpm which has a strong rhythm can be considered motivational. 

Data Analysis

Statistical tests were processed using SPSS. Paired samples T-tests were conducted to evaluate the effect of music on all variables. Data sets are presented as mean (M) ± standard deviation (SD). Statistical significance was set at P ≥ 0.05. 

Results
4

The results for both music and non-music conditions were numerically similar. To test the hypothesis that music would statistically improve mean power, distance, HR and RPE during a 3-minute cycling trial an independent samples T-test was performed.   

[bookmark: _Hlk39826011][image: ]To study the effect of music on HR during a 3-minute cycle trial, a paired samples T-test was performed. The T-test showed that there was no significant difference (sig 2 = 0.960) between cycling with music (M=146.00bpm ± 8.63134) and cycling with no music (M= 146.22bpm ± 9.78235). 
Fig 1. Mean Heart Rate in music and non-music conditions.


[bookmark: _Hlk39826042]To study the effect of music on RPE during a 3-minute cycle trial, a paired samples T-test was performed. The T-test showed that there was no significant difference (sig 2 = 0.594) between cycling with music (M= 8.2222 ± .044096) and cycling with no music (M= 8.3333 ± 0.5000). 5

[image: ]Fig 2. Mean RPE in music and non-music conditions.


[image: ]To study the effect of music on power during a 3-minute cycle trial, a paired samples T-test was performed. The T-test showed no significant difference (sig 2 = 0.995) between cycling with music (M= 276.2222W ± 44.69558) and cycling with music (M= 277.4444W ± 45.99215). Fig 3. Distance covered in music and non-music conditions.



To study the effect of music on distance covered during a 3-minute cycle trial, a paired T-test was performed. The T-test showed no significant differences (sig 2 = 1) between cycling with music (M= 1.9778 ± 1.2019) and cycling with no music (M= 1.9778 ± 1.2019). 
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[image: ][image: ]Fig 4. Mean power in music and non-music conditions.

Fig 5. Both conditions and all outcome measures on a line graph – as you can see, they are so similar you can only see one line. 


Discussion

The goal of this experiment was to study the effect of music on HR, Power, RPE and distance on a 3-minute maximal cycling trial. Motivational music and no music conditions were chosen. The experiment showed no statistical difference on HR, power and RPE between music and no music conditions during a 3-minute maximal cycle trial.  
7

There was no difference on HR found between music and non-music conditions. This is similar to findings by Eliakim et al., (2012) who found no difference in HR between music and non-music conditions during a 6-minute run at peak oxygen consumption speed. Szabo, Small and Leigh (1999) also found no difference in HR between no music and 4 other trials all containing various types of music. Nakamura et al., (2010) also found no effect on HR between music and no-music conditions on high intensity cycling. Szabo, Small and Leigh (1999) hypothesised that music may only have a distracting effect and not a physiological effect, distraction from fatigue may result in better performance and lower RPE, but if you are performing to similar intensities each trial then the physiological effects will be similar. Based on the results of this trial and many others, it may be concluded that music has no effect of HR during performance.   

The study found no difference between music and non-music trial on rate of perceived exhaustion (RPE) post cycling trial. This confirms findings by Chtourou, H’mida and Souissi (2017) who found no difference in RPE between music and non-music conditions after a Wingate cycling test. Chtourou et al., (2012) and Nakamura et al., (2010) also found no differences in RPE scores. However, many sub-maximal exercise experiments have identified reductions in RPE as a result of music (Pottinger, Schroeder and Goff, 2000; Terry et al., 2012; Copeland and Franks, 1991). Therefore, it could be hypothesised that the distraction effect occurring during sub-maximal exercise conditions resulting in a reduction of RPE does not apply to maximal or supra-maximal exercise conditions as the physiological requirements are too high. At such high exercise intensities, the music may be ineffective at influencing physiological responses and psychological state. RPE can also be affected by the participants’ personality, motivation and attention, with the situation/environment influencing the perception of exercise intensity (Chtourou, H’mida and Souissi, 2017).

The present study showed that music conditions had no effect on power when compared to non-music conditions. Findings by Pujol and Langefeld (1999) on 3 consecutive Wingate tests, with the third to exhaustion identified similar findings. Their statistical analysis showed no significant difference between mean power output, maximum power output and minimum power output between music and non-music conditions. However, our findings contradict those of Chtourou, H’mida and Souissi (2017), who found that music played during a warm-up improved peak and mean power outputs in sprinters. Chtourou et al., (2012) also identified that power output during the Wingate test was significantly higher after a warm-up with music than a no music warm-up. Eliakim et al., (2006) found that the performance enhancing effects of music decrease as participants level of fitness increases, this could be a possible explanation for the discrepancy in the results compared to other studies. Alternatively, many of the studies that found a significant effect of music on power played the music during the warm-up, not the actual cycling trial. This may allow the participant to get psychologically prepared and motivated for the trial compared to warming up in non-music conditions, thus resulting in improved performance.   8


The present study found no significant effect of music on total distance covered during the cycle. This contradicts findings by Simpson and Karageorghis (2006) who found that music improved performance of a 400m sprint. Tate et al., (2012) studied the effect of music on swim performance and identified a significant improvement in the performance of 50m and 800m swim trials.   

The type and intensity of music used may have affected the outcome of the experiment. Participants were instructed to self-select music above 120bpm, and music intensity was not studied/calculated. Had we selected synchronous music for the participants, there may have been a difference as this has shown to be effective (Terry et al., 2012; Simpson and Karageorghis, 2006; Karageorghis et al., 2009). The present study also did not account for musical intensity which has been shown to elicit performance benefits (Karageorghis et al., 2018). 

Conclusion

Studies on the effect of music on performance have been inconclusive and contradictory as to the possible performance benefits possible. This study showed no significant difference between music and non-music conditions of HR, RPE, distance covered and power over a 3-minute cycle trial. Other methods of implementation, intensities and types of music need to be studied to have conclusive evidence of its benefits. 
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