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Abstract

Replication is a fundamental aspect of scientific research, yet few replications have been
conducted within strength and conditioning. In this paper we attempt to replicate and extend
previous research on the effects of preferred (PREF) vs. nonpreferred (NON-PREF) music on
bench press performance and motivation using a close replication of a study by Ballmann et al.
(2021). The replication sample included 28 resistance-trained men (Mage = 20.5 years, SD = 1.5),
while the extension sample (n = 47) comprised resistance-trained men and women (Mage = 20.6
years, SD = 1.5). Participants listened to PREF and NON-PREF music j %eated-measures
counterbalanced design, while completing bench press repetitions @ re (RTF). Concerning
the replication attempt, we found no difference between onditions for RTF (p = .545,
Cohen’s d. = .12), and the replication and original effegtsizes were incompatible (z=-1.88, p =
.036). For motivation there was no difference befweemmusic conditions (p =.084, d: = .34) and

.
the effect size estimate was incompatible original (z =-4.44, p <0.001). Thus, the

original study findings were not repli the extension study, a two-way ANOVA showed

no interaction or main effects o@ music genre on RTF (p > .05). There were, however,
main effects of sex (p = . &&l genre (p = .025) on motivation. In addition, attentional focus
was different (more tative) for PREF vs. NON-PREF music (z =-3.11, p =.002), but
perceived exertion did not differ between music conditions (p = 1.00, d-=.00). Results indicate
that music preference does not have a robust effect on bench press performance and associated

psychological factors. Athletes, exercisers, and practitioners are encouraged to utilize music that

complements the task rather than considering genre preference.
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Introduction

The re-examination of published findings in the literature, which is often referred to as
‘reproducibility’ or ‘replication’, is a fundamental aspect of rigorous scientific practice.
Although there are no agreed definitions of these terms, ‘reproducibility’ is often referred to as
the reanalysis of an existing dataset using the same analysis strategy (Nosek et al., 2022) and
‘replication’ as retesting a claim using the same analyses but with new data (Nosek & Errington,
2020). Although both are important, here we focus our attention on replication. A replication
study which supports the original study findings should increase confid 10 a claim, otherwise
it may decrease confidence in a claim or lead to other lines of rese quiry (Nosek &
Errington, 2020). Replication studies are often further cate @ ed'as being ‘close’ or ‘extended’.
A close replication is a new study that uses the same ds (as close as possible) as the study
being replicated. Replication-extension studies Ipt% provide replication evidence but also
extend the results of prior studies in new and e’tically important directions (Bonett, 2012).

The replicability of scientific igs has been questioned in recent years, leading to
claims of a “crisis of conﬁdenc@ er & Wagenmakers, 2012). In psychology, for example,
a widespread replication y the Open Science Collaboration (2015) demonstrated that
more than half of th%ical findings under scrutiny did not replicate. Increasing interest in
replication studies contributes to the active effort to restore credibility to scientific research
(Pittelkow et al., 2023), yet replication studies are rare in sport and exercise science (Mesquida et
al., 2022).

Several researchers have expressed concern about scientific practices in the field of sport
and exercise science and have led a call for an increase in replication studies (Caldwell et al.,

2020; Halperin et al., 2018). Factors that affect the replicability of research findings are already



apparent in the field of sport and exercise science, for example, low statistical power, a high
positive results rate, and poor data transparency (Borg et al., 2020; Caldwell et al., 2020;
Twomey et al., 2021). Given the typical small sample sizes in sport and exercise science (Abt et
al., 2020) and the high proportion of positive findings (approximately 81%), there is an
unexpected volume of statistically significant findings in the literature for a field that is mostly
powered to only observe large effects. Underpowered research designs are concerning as they
can increase the proportion of false positive results (Button et al., 2013). Based on the above
issues and on tentative evidence for publication bias in the field (Mesq 1.,2022), it is
unsurprising that the replicability of sport and exercise science res %s been called into
question.

In response to the numerous calls for increase ication in the field, the Sports Science

Replication Centre was established (see https://sgrep&tioncentre.com). The overall aim of this

.
center is to systematically evaluate the replic of sport and exercise science research. To
achieve this aim, replication studies ted according to a formalized protocol that
considers statistical, theoretical hodological factors (Murphy et al., 2023) and then

allocated to laboratories Gg)de who are contributing towards this large-scale replication
effort. Following thi ion protocol, we were allocated a study titled “Effects of Preferred

vs. Nonpreferred Music on Resistance Exercise Performance”, published in the Journal of
Strength and Conditioning Research (Ballmann et al., 2021). This study investigated the effect of
listening to preferred (PREF) vs nonpreferred (NON-PREF) genre music on resistance training
performance. For this replication, we are specifically interested in the effect of music preference

on overall bench press repetitions completed and motivation for the task, and will report this



replication outcome. We did not try to replicate secondary analyses performed in the original
study such as power and velocity.

Positive effects of music on athletic performance have been reported previously (see
Terry et al., 2020). Carefully selected music can infer an array of psychological, physiological,
and psychophysiological benefits that mediate the effect of music on athletic performance. For
example, results from a recent meta-analysis indicate significant beneficial effects of music on
feeling state, metabolic efficiency, and perceived exertion (Terry et al., 2020). However, most of
the existing research has focused on aerobic and endurance-based activi i@ith evidence of the
ergogenic effect of music during resistance exercise being equivo cific to the focus of this
study (i.e., muscular endurance), studies have reported inc @ d répetitions to failure (RTF) with
self-selected (Bartolomei et al., 2015; Cutrufello et al. 0) and preferred genre music

(Ballmann et al., 2021; Silva et al., 2021). In co@r%iagini et al. (2012) found no effect of

.
self-selected music on RTF, while Moss et 8) reported a small to moderate effect of
music on RTF at low but not high exg eZtensities. A clearer understanding of the ergogenic
effects of music is necessary fogfopti

performance (Ballmann @21).

The study as%to our research group compared the effects of PREF vs NON-PREF

izing resistance training regimens for increased

music genre on resistance exercise performance. Music preference is an important consideration
when examining the effects of music during exercise (Ballmann, 2021). The beneficial effects of
music on physiological functioning appear to come from the inherent characteristics of music,
regardless of preference (Sleight, 2013), however psychological and psychophysical benefits are

usually greater when music preference is taken into account (Terry et al., 2020).



With regard to psychological and psychophysiological effects, music has been shown to
increase motivation during resistance training (Ballmann et al., 2020; Ballmann et al., 2021;
Lehman et al., 2022), although the sample sizes in these studies were very small (all < 12).
Rating of perceived exertion (RPE) does not appear to be impacted by music during resistance
training (Ballmann et al., 2020; Biagini et al., 2012; Lehman et al., 2022). However, these
findings are often confounded by the ergogenic effect of music, that is, an increase in
performance without a corresponding increase in perceived exertion is indicative of a positive
effect of music on RPE. One of the primary mechanisms by which mus;j %ides ergogenic
benefits is through attentional disassociation (or distraction) durin se (Ballmann, 2021).
External stimuli, such as music, can draw attention away ntérnal, fatigue-related cues, thus
assuaging effort-related sensations and improving efforftglerance (Hutchinson et al., 2017).
Although this effect has been established for aergbic ekercise (e.g., Hutchinson & Karageorghis,

.
2013; Jones et al., 2014), it has yet to be test he context of resistance training.

In addition to conducting a ¢ cation of the Ballmann et al. study, we sought to

extend this study to address thr: ant considerations. First, almost all prior research on the

effects of music during re@@ training has focused exclusively on males (Ballmann et al.,
2020; Ballmann et aw; Bartolomei et al., 2015; Biagini et al., 2012; Lehman et al., 2022).
The current study expanded the participant sample to include females to be more inclusive and to
explore potential sex differences. Second, the original study did not assess participants’
subjective experience of the music used, presumably because it was assumed that preferred genre

would equate to preferred tracks. The current study added a subjective rating of music liking to

verify this assumption. Finally, the original study recommended that future investigations should



include measurements of attentional focus and RPE in order to explore these hypothesized
mechanisms, therefore these measures were added to the current study.

This study replicated previous work (Ballmann et al., 2021) and tested the alternative
hypothesis that listening to PREF music during bench press exercise would result in (a) greater
mean performance (RTF) and (b) greater mean motivation, when compared to NON-PREF
music. For the additional variables unique to the extension study, it was hypothesized that for
attentional focus, the PREF mean would be higher than the NON-PREF mean (i.e., a more
dissociative focus), however no difference between conditions was exp r RPE. The
interactive effects of sex and music-preference were con51dered e %

, and no a priori

hypothesis was set given the lack of prior research in this

Methods\o

Experimental Approach to the Problem .

.
The present study is a close replicatio ﬁ- mpt (Brandt et al., 2014), therefore the method

was designed to be as similar as possi e method of the original study. A within-groups

study design was used to explor@ ects of PREF vs NON-PREF music genre on bench press
performance. Experimen tions were counterbalanced to avoid a potential order effect.
This study was pre-%d on the open science framework (https://ostf.io/qm8bf) and ethics
approval was granted by the institution of the first author (approval #1852223). Any deviations

from the original study’s methodology are transparently reported in the supplementary materials

(https://doi.org/10.17605/0OSF.10/T6ZSU).

A priori statistical power calculations are typically based on original effect size estimates,
yet these estimates are often inflated due to publication bias and low study power (Anderson &

Maxwell, 2017). We used the “BUCSS” R package in the statistical software R (Core Team,


https://doi.org/10.17605/OSF.IO/T6ZSU

2020) which adjusts for publication bias and effect size uncertainty (Anderson et al., 2017).
However, this method can be overly conservative; therefore, as per the study selection protocol
(Murphy et al., 2023), doubling of the original sample size was used to inform the sample size
calculation, resulting in a required sample size of at least 24 participants. An additional four
participants were recruited in case of possible loss of data due to attrition or missing values
(Peacock & Peacock, 2011). This sample size is greater than that calculated (n = 19) by using the
original effect size estimate for total repetitions at 95% power with a 5% alpha criterion for a
two-tailed test using the “BUCSS” R package in the statistical software the BUCSS
output at an assurance level of 50%, but less than the assurance le %. Assurance is the
percentage of times power would reach or exceed the inte i@ &1 if the sample-size planning
process was to be reproduced many times. Therefore, alculated sample size of 24 could be
\\

considered bias corrected but not uncertainty cogrectede Se

https://doi.org/10.17605/OSF.10/T6ZSU for zﬁculations and sample size justification.
Participants \é

Male (n = 28) and fema ants (n = 19) were recruited from a college in the
Northeast region of the Uc't)gﬂates. All participants were informed of the benefits and risks of
the investigation pri%ning an institutionally approved informed consent document to
participate in the study. The 28 male participants were used as the sample for the replication
attempt, while the mixed-sex sample (n = 47; Mage = 20.6 years, SD = 1.5) was used to extend the
original study. Inclusion criteria were the same as in the original study. All participants (a)
engaged in at least two days per week of resistance training for the past six months, (b) were

between the age of 18 and 24 years, (¢) were familiar with the bench press exercise, (d) reported


https://doi.org/10.17605/OSF.IO/T6ZSU

no upper extremity injury in the prior six months, and (e) had no contraindications for exercise as
determined by the Physical Activity Readiness Questionnaire (PAR-Q; Warburton et al., 2019).

The male participants used in the replication sample had an average training history of
4.7 + 1.2 years and reported training an average of 4.7 + 1.3 days per week. Most participants
identified as White (75%), followed by Black or African American (11%), Asian (7%), Hispanic
or Latino (3.5%), and mixed race (3.5%). These participants were characteristically similar to the
participants in the original study for age and relative bench press performance, although the
mean was lower in stature, body mass, and 1RM bench press performa Table 1). In the
extension sample, participants reported a training history of 4.0 + @ s and training a mean
of 3.9 + 1.2 days per week. Most participants identified a e (79%), followed by Black or
African American (6.5%), mixed race (6.5%), Hispan@datmo (4%), and Asian (4%).

Procedures .

.
Prior to experimental testing, partici ompleted the PAR-Q, a demographic

information questionnaire, and musi nce survey via Qualtrics XM (Provo, Utah, United

States). To determine PREF an REF, participants were asked to rank the following

music genres from their @Q)east favorite: (a) rap, (b) pop, (c) rock, (d) dance/electronic, (e)
hip-hop/RnB, and ( ry. For each participant, the selected favorite genre was used for the
PREF trial and the selected least favorite genre was used for the NON-PREF trial. Playlists were
created using songs from the Billboard Top 10 Singles of 2022 for each genre. Songs were
included if they approximated the tempo of the music used in the original study (+ 10 bpm). It
should be noted that the exact genre categorizations from the original study were unavailable,
therefore we selected the closest match to the original study from the lists Billboard had

available (see supplementary materials).



Based on the music preference survey, most participants (46.8%) preferred rap music,
followed by rock (25.5%), pop (17.0%), dance (6.4%), and hip-hop/RnB (4.3%). No participants
selected country as a preferred genre. For non-preferred music genre, most participants selected
country (63.8%), followed by dance (17.0%), pop (10.6%), hip-hop/RnB (4.3%), rock (2.1%),
and rap (2.1%). Playlists were created in Apple Music and played from an iPad (Apple Inc.,
Cupertino, California). For each trial, a song was selected randomly from the applicable playlist.
The mean tempo for the PREF music selection was 117 £+ 11 bpm, and for the NON-PREF music
selection was 121 = 11 bpm.
One-Repetition Maximum Bench Press and Familiarization @6

Before beginning the 1RM bench press test, partici &npleted a dynamic warm-up
consisting of wall slides, forward/backward arm circlegf®and arm swings, followed by two sets of
four repetitions of bench press using a 20-kg Eleiko Olympic Barbell (Austin, Texas, United

.
States). Following the warm-up, the barbel aded to 50% of the participant-reported

estimated 1RM and then progressive sed by 2.5-20.0 kg for one repetition until the

participant reached failure, whi@ ine with the original study 1RM protocol. Rest periods
between attempts were 3 iputes to ensure recovery (Willardson, 2006), and all participants’
IRM was establishe%n four attempts. After IRM was determined, participants performed a
familiarization protocol, for which they were asked to lift the 20-kg Olympic barbell as fast and
as explosively as possible for three repetitions, three times. No music was played during the
IRM and familiarization session.

Testing Protocol

The testing protocol consisted of two counterbalanced conditions - PREF and NON-

PREF. Trials were completed on different days and separated by a 48-hour washout period.
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Trials were scheduled at the same time of day (within participants) to account for any diurnal
variation in the dependent variables. Participants were instructed to maintain their typical dietary
practices and physical activity levels throughout the intervention, and not to engage in any bench
press training for the duration of the study; compliance was verbally confirmed at each visit.
During each experimental trial, music was played using Beats Studio 3 (Culver City, California)
wireless noise canceling headphones. In the original study, music volume was not controlled,
with volume adjusted by the subject to a comfortable level (Ballmann et al., 2021, p. 1652).
Given that music volume is a variable that can affect arousal and exerci rmance
(Hutchinson & Jones, 2020), we chose to standardize the music V0® 75dB for all
participants. The bench press exercise was completed usi andard 20-kg Ivanki powerlifting
barbell (San Pedro, California), Samson half rack La@:es, New Mexico), and Powertec
Streamline bench (Paramount, California). \

4

.
For each trial, participants began wit ief warm-up that consisted of 30% 1RM for

five repetitions followed by one set t 1RM for three repetitions. After five minutes of

rest, the barbell was loaded wit 1RM. After the participant placed the headphones on
and the music started, pagireipants immediately lifted 75% of their previously obtained 1RM for
as many repetitions ible, as explosively as possible, until failure. Failure was defined as a
participant verbally indicating they cannot continue or when the participant was unable to
complete a repetition due to momentary muscular failure (Fisher et al., 2011) resulting in
downward movement of the barbell during the concentric portion of the lift. The participant’s
head, hips, and upper back remained in contact with the bench throughout the movement with

feet flat on the floor. Each repetition was executed with a full eccentric (lower the bar to lightly

touch the mid chest) and concentric phase (press to full elbow extension directly over the
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shoulders) and without bouncing the barbell off the chest. Any lift that deviated from this correct
bench press form was not counted toward the total (Ballmann et al., 2021); however, no
deviations were noted.

Once each trial was complete, participants immediately reported their motivation,
attentional focus, and RPE. As in the original study, motivation was assessed using a visual
analogue scale with a 100-mm line, anchored at either end with the descriptors of ‘least
motivated’ to ‘most motivated’. Participants marked on the scale how motivated they felt during
the lift with a vertical line. Motivation scores were obtained by measuri distance, in
millimeters, from zero to the vertical line marked by the participa ulg a ruler. Attentional
focus was assessed using a single-item attention scale (Ta , 1996). Scale instructions were
as follows: “To what extent was your attentional focu ing the task internal (i.e., related to
your body) or external (i.e., related to the outsidg emnment)?” The scale ranges from “0”

.
which represents an internal focus (e.g., he @ % muscle fatigue, and breathing) to “100”

representing an external focus (e.g., ing, environment, and music). Participants circled

a number on the attention scale @3 t represented their focus during the lift. Higher scores
indicate greater attention iation. RPE was assessed by means of Borg’s RPE scale (Borg,
1998). Scaling rang% 6 (“no exertion”) to 20 (“maximal exertion”) and participants were
asked to indicate the number that corresponded to their perceived exertion during the lift.
Statistical Analyses
Data were analyzed using R (version 4.2.1; R Core Team, 2020). Paired-sample t-tests
were used to compare bench press performance (i.e., RTF) and motivation for the male only

replication sample. Paired-sample t-tests were also used to statistically compare RPE, attentional

focus, and song rating data between conditions for the mixed-sex sample. Where data failed
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normality checks (p < 0.05), a Wilcoxon signed rank test was conducted. Separate two-way
mixed analyses of variance (ANOVA) were used to statistically analyze the interaction between
sex and music preference on bench press performance and motivation. If Mauchly’s test
indicated violations of the sphericity assumption, Greenhouse-Geisser adjustments were made to
the relevant F' test. Following any significant effects, Bonferroni post hoc pairwise comparisons
were used.

To evaluate the replication outcome, the following criteria were used: for the original

study to be considered replicated, the replication effect must also be sta '@y significant and

in the same direction as the original effect (Murphy et al., 2023). compared the original
and replication effect size estimates using the TOSTER R ged(version 0.5.0; Caldwell,
2022). Simply, each effect size estimate was transfo into a z-score and a z-test was

the analyses can be found at https://doi.or 05/0OSF.I0/T6ZSU.

conducted. The significance level for all ana gwas t at a <0.05. The raw data and code for
esults

Prior to conducting anal Q data were inspected for missing values, outliers, and
basic assumptions. No mi 'g)alues were present in the data. For the replication study sample,
the dependent variab paired differences were all normally distributed as assessed by the
Shapiro Wilk test (p > .01). In the mixed-sex extension study sample, five outlying scores were
noted in the total repetitions data, one of which was extreme. The extreme score was corrected
by adjusting to the next highest or lowest value not considered an outlier (Tabachnick et al.,
2019). The other outliers were not extreme outliers, and the data was normal, therefore, these

scores remained unadjusted. All dependent variables were normally distributed for the extension

study sample, with the exception of the attentional focus data (W =.934, p <.001). Table 2
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compares means and standard deviations between the original and replication studies. Table 3
shows means and standard deviations for all dependent variables for the mixed-sex sample.
Replication Results

For the replication attempt, paired sample t-tests were used to determine if there was a
statistically significant mean difference in the total number of bench press RTF and motivation
between PREF vs. NON-PREF music conditions. There was no significant difference between
conditions on the total number of RTF, #27) =0.61, p = .545, M4irr = 0.18, 95% CI1 [-0.42, 0.78],
Cohen's d: = 0.12 [-0.26, 0.49]. Likewise, there was no significant diffe motivation
between music conditions, #(27) = 1.79, p = .084, Maisr=9.73, 95‘V 641 20.86], Cohen's d:
=0.34, 95% CI [-0.05, 0.72].

The original study observed a significant differ, between music conditions for total
RTF (p =.005) but the replication study did not (p = ?The replication study effect size
estimate for the total repetitions was Cohen’ ’.12 compared to the original which was
Cohen’s d = 0.84. According to the z- égreplication and original effect size estimates were
incompatible [z =-1.88, p =.036, différence = 0.72]. Concerning the evaluation of our
replication attempt, we cm@he original effect size reported by Ballmann et al. (2021) not
replicated, albeit thi%d be interpreted with caution due to statistical noise (see discussion).

The original study observed a significant difference between music conditions for
motivation (p < 0.001) but the replication study did not (p = .084). The replication study effect
size estimate was Cohen’s d: = 0.34 compared to the original which was Cohen’s d = 5.90.
According to the z-test, the replication and original effect size estimates were not compatible [z

=-4.44, p <0.001, difference = 5.56], therefore, the original effect size reported by Ballmann et

al., (2021) was not replicated.
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Extension Results

Two-way mixed ANOV As were conducted to explore the interactive effects of sex and
music preference on bench press performance (i.e., RTF) and motivation in a larger, mixed-sex
sample (n = 47). The interaction of sex and music preference on the total number of RTF was not
significant, F(1, 45) = 0.00, p = .982, 5,° < .001, nor any main effect of sex F(1, 45) = .42, p =
.521, 5, = .009, nor main effect of music preference F(1, 45) = .14, p = .713, ,° = .003. There
was also no significant interaction of sex and music preference on motivation, F(1, 45)=.16,p =
.692, 1, = .004, but there was a significant main effect of sex F(1, 45) = %p =.015,1,° =
.126, and a significant effect of music preference F(1, 45) = 5.35, 025, 1,° = .106.
Bonferroni-adjusted comparisons indicated that males rep gréater motivation for the task

than females (Maitr = 12.25, 95% CI [2.55, 21.96],§ , Cohen’s dy=0.76, 95% CI [0.15,

1.35]). PREF music also resulted in greater motiyatiorthan NON-PREF music (Maifr = 11.76,

.
95% CI[1.52,21.99], p = .025, Cohen’s d. , 95% CI[0.04, 0.63]).
Three additional tests were p on attentional focus, RPE, and song rating which
were unique to this study. The fj ared the effect of listening to PREF vs NON-PREF

music on attentional focuc)’@ata for attentional focus was non-normal (W =.934, p =.011),
therefore a non-para statistical analysis was used. The Wilcoxon signed rank test was
significantly different for PREF compared to NON-PREF, z =-3.11, p =.002, with higher (i.e.,
more dissociative) attentional focus in the PREF music condition. A paired t-test compared the
effect of listening to PREF vs NON-PREF music on RPE; there was no significant difference
between conditions on RPE, #(46) = 0.00, p = 1.00, Maitr = 0.00, 95% CI [-0.61, 0.61], Cohen’s d-:
=0.00, 95% CI [-0.29, 0.29]. Finally, the song ratings for PREF and NON-PREF were also

compared as a manipulation check using a paired t-test. As expected, there was significantly
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higher rating for PREF compared to NON-PREF, #46) =3.52, p <.001, Maitr=2.10, 95% CI
[0.90, 3.30], Cohen’s d- = 0.51 [0.21, 0.82].
Discussion

The primary aim of this study was to determine if we could replicate the observed effects
of PREF vs NON-PREF music on bench press performance and motivation using a close
replication of an original study (Ballmann et al., 2021). In addition, the present study sought to
extend the original research by using a mixed-sex sample and examining the effect of listening to
PREF vs NON-PREF music on attentional focus and RPE. 6

Contrary to the findings of the original study, the number o@ press repetitions were
similar across music conditions in the current study for b male-only sample and the
mixed-sex sample. Moreover, we failed to reject the n pothesis for motivation in the
replication sample, although there was a differel;ceme mixed-sex sample. Using the
parameters of a ‘successful replication’ (B 2;1., 2014; Murphy et al., 2023), we were
unable to replicate Ballmann et al.’s @esults from a null hypothesis significance testing
perspective for the replication s@ “Our z-test showed that the replication and original effect
size estimates were inco Q) (p = .036), with a large difference in the standardized values
(0.72). Furthermore%onsidered with other criteria, the original and replication effect size
estimates were not in the same direction; the mean for total repetitions was lower in the PREF
group compared to the NON-PREF group which is in contrast with the original study. The
original effect size estimate did fall into the confidence intervals of the replication effect size,
however, this is not entirely informative due to the imprecision of the confidence intervals (95%
CI: -0.26, 0.49); this is an identified issue with this method as discussed by Asendorpf et al.,

2013). Based on all of the above outcomes, we consider the original findings not replicated for
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total repetitions. The small sample size of the original study suggests the investigation was likely
underpowered, which reduces the likelihood that a statistically significant result reflects a true
effect (Button et al., 2013). Similarly, this replication study is likely underpowered to detect the
plausible population effect size, or even provide a precise estimate of this effect. This should
therefore be considered with all outcomes presented below.

Given that most prior studies used all-male samples, the lack of difference in bench press
performance regardless of sex, is important to note. However, it should be considered that this
was an exploratory analysis and our study was not powered to detect se %ences. The only
other located study that used a mixed-sex sample reported no sex c@ ces in bench press
performance when comparing music and no-music conditi &'ufello et al., 2020). Ours is
the first study to compare PREF to NON-PREF music findings are consistent and suggest no
difference in the influence of music preference betwech men and women on performance

.
outcomes in a resistance training context. Th trasts with findings from other exercise

modalities; for example, Cole and 15) reported that PREF (vs. NON-PREF) music had

a greater effect on the enduranc performance of women than men. In this case, the
authors attributed the dif@@o the observation that “women are known to pay closer
attention to the rhyﬂ%ualities of music than men” (p.395); a mechanism that was absent in
the current study given the lack of sensorimotor synchronization during the activity.

When assessing the inconsistent effects of preferred music on performance, the intensity
and duration of the task itself warrants consideration. A bench press to fatigue at 75% 1RM
typically takes less than 30 seconds to complete, which may provide insufficient exposure to the

music for preference to have an effect. Most popular music tracks have an introduction ~15

seconds, therefore the more motivational parts of the song, such as the chorus and pre-chorus
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(Beall, 2009), will not be heard during the bench press task. Longer duration tasks have
prolonged exposure to music and are also not as reliant on the impact of a single track. The
current study used a load of 75% of the 1RM, as did others (Ballmann et al., 2020; Biagini et al.,
2021; Lehman et al., 2022). However, Bartolomei et al. (2015) used a lower percentage of 1IRM
(60%) while Moss et al. (2018) compared a range of intensities from 30% to 80% 1RM.
Differences in load could influence the repetition cadence, thereby altering the rhythm of the
movement. Music is more likely to elicit auditory-motor unit synchronization if the rhythm of
the music and task are closely aligned. This has the potential to aid in ic efficiency via
improved neuromuscular and kinetic efficiency (Terry et al., 2020 %research should try to
match the music tempo with the motor task to better elucie fluence of music on
performance.

Another methodological consideration is.th%cess of song selection. Self-selected
music may be more influential than preferr g genre. Genre categorization is imprecise and
of declining importance in modern @Ver et al., 2016). Moreover, there are an increasing
number of crossover artists wh Qultiple music genres (Shi et al., 2018) and whose work
does not fall neatly into o category or another. During our music selection process, it
was noted that man;% appeared on the Billboard Top 10 Singles of 2022 for more than one
genre. In fact, six of the top 10 rap tracks were also listed in the top 10 hip-hop R & B tracks.
Although overall song ratings in the present study were significantly different between
conditions, there was notable interindividual variability in the ratings. In the replication sample,
for example, eight of 28 participants (29%) actually rated the NON-PREF song higher than the
PREF song. We contend that a more careful music selection protocol is needed to adequately test

the research question. Moreover, future research ought to consider examining more sophisticated
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musical elements, such as complexity, accents, and beat perception that may be more important
than genre for performance outcomes.

In the current study, listening to preferred music resulted in higher motivation scores only
in our larger mixed-sex sample. Ballman et al.’s findings for the all-male sample were not
replicated. Notably, the effect size estimate was considerably lower in our extension sample (d-
= 0.34) than in the original study (d = 5.90). Although these effect sizes were calculated
differently, lower sample sizes reduce statistical power, leading to an overestimation of the effect
size estimate (Button et al., 2013). The small sample size in the origina (n=12) likely
resulted in an effect size estimate that did not reflect the true effec@ pulation level. The
larger sample size in our extension (n = 47) study may pro§ a re accurate estimation of the
effect of music preference on motivation for bench pr ercise than the original effect size;
however, we believe our effect size is still im regi&e to the width of the confidence interval

.
(95% CI: -0.05, 0.72). Although preferred id result in higher motivation scores in the

mixed-sex sample, bench press perfo was not positively influenced. One reason for the

disconnect between motivation @) ormance is the short duration of the task which, as
previously mentioned, li ided insufficient exposure to the music for any difference in
motivation to have a ible effect on performance.

In addition to attempting to replicate the outcome measures of Ballman et al. (2021), the
present study also assessed RPE and attentional focus in order to explore these potential
mechanisms of effect. No difference in RPE was found between conditions, which is consistent
with prior research (Ballmann et al., 2020; Biagini et al., 2012; Lehman et al., 2022). Attentional

focus was more dissociative when listening to PREF music, compared to NON-PREF. To the

best of our knowledge, this is the first study to examine the effect of music preference on
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attentional focus during a physical task. That PREF captures attention to a greater extent than
NON-PREF music is perhaps not surprising. Preferred music is likely to be more familiar to the
listener, and music familiarity plays an important role in the emotional engagement and brain
activation of listeners (Pereira et al., 2011). Moreover, there may be an active attempt on the part
of the listener to ‘tune out” music that is disliked. Typically, a more dissociative attentional focus
is associated with lower RPE during exercise (Terry et al., 2020), but this association appears
more prevalent in prolonged endurance tasks (e.g., distance running or cycling) where exertion
tolerance plays a larger role in determining performance. Again, the sh tion of the task in
the present study likely accounts for the observed disconnect betw@ ntional focus and RPE.
In conclusion, by conducting a close replication oft ann et al. (2021) we aimed to
assess the robustness of the reported significant effect REF music over NON-PREF music on
bench press performance and motivation. We were un?o replicate the findings from the

.
original study when using experimental proc that matched the original as closely as

possible, albeit with larger sample si the aim to increase statistical power. The estimates

were incompatible in the z-test eplication effect size estimate was considerably smaller

than the original. Howevers g}ffect size estimates from this replication should be considered

with caution due to ‘%e width of the confidence intervals.



20

Table 1

Mean (SD) Descriptive Characteristics for Participants in the Original and Replication Studies

Original Study  Current Study  Current Study  Current Study

Males Males Females Total Sample
(n=12) (n=128) (n=19) (N=47)
Age (years) 20.5(1.2) 20.5 (1.5) 20.4 (1.1) 20.6 (1.5)
Height (cm) 182.8 (6.8) 174.8 (6.1) 164.2 (6.6) 170.5 (8.2)
Body mass (kg) 95.1(17.8) 83.3(11.9) 70.0 (16.1) 77.9 (15.0)

Relative bench press,

Bench press, I-RM (kg)  127.9 (402)  107.3 (22.5) 485 (1% 83.5 (34.2)
(IRM [kg}/BM [kg]) )

1.35 (0.1) 1.29 (0.2) 1.05 (0.3)

Note: 1RM = 1 repetition maximum. Q
A&

Q\Q’b’

0@
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Table 2
Mean (SD) of Dependent Variables between the Original and Replication Studies

Original Study Replication Study

Preferred Music Nonpreferred Preferred Music Nonpreferred

Music Music
Total repetitions 10.58 (2.07) 8.90 (1.80) 13.07 (2.12) 13.25 (2.14)
(AU)
Motivation 80.40 (11.20) 18.8 (9.29) 71.93 (19.02) 62.20 (25.07)
(AU)
9~
Note: AU = Arbitrary unit.

Q\



Table 3

Mean (SD) Descriptive Statistics for Mixed-Sex Sample Tests

Preferred Music

Nonpreferred Music

Total repetitions 12.87 (3.10)
Motivation (AU) 67.80 (21.01)
Attentional focus (AU) 49.04 (27.50)
RPE (AU) 15.31 (2.62)
Song rating (AU) 6.52 (2.88)

13.04 (2.91)
56.44 (26.84)
35.11 (22.75)
15.31 (2.99)
4.41 (3.05)

Note: RPE = Rating of perceived exertion. AU = Arbitrary unit.
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