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Investigating the influence of music tempo on arousal and behaviour in laboratory virtual roulette

Abstract

A number of studies indicate that fast music influences performanegeityday activities including
shopping and gambling, but the mechanisms through whickffeist is realised are not well understood.
This study investigates whether fast tempo music influenceslgamba an effect on arousal usirg
laboratory virtual roulette taskOne hundred and forty-four participants played virtual roulette whilst
listening to fast tempo, slow tempo or no music. Music tempo alonadtidnfluence betting speed,
expenditure or risk-taking. Furthermore tempo did nfliience participants’ physiological or subjective
arousal levels, ar participants’ opinions of the musical stimuli in terms of liking, familiarity, fit or its
ability to aid concentration. Our findings suggest that there are some diaowess under which the
effect of music tempo does not operate and therefore provides an insigihieifimits of music tempo as
an explanation for music effects on behaviour. This study hplcations for the way that musical

characteristics are operationalised in future researchnim@’s effects on behaviour.
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Music tempo influences a range of behaviours within retail and evoiah environments (see North &
Hargreaves, 2008 for a review). Research suggests that fast tersmoimeteases the speed at which
individuals eat (Roballey et al., 1985), drink (McElrea & Standing, 1998ye through a supermarket
(Milliman, 1982), drive (Brodsky, 2002) and read (Kallinen, 200/=3st tempo music can also increase
risk-taking in a simulated driving context (Brodsky, 2002). Slawe music can reduce expenditure in
supermarket (Milliman, 1982) and restaurant (Caldwell & Hibbert, 2002) setfiingseffects of music,
as observed in other retail, commercial and laboratory environments, msfgitremcertain gambling
behavioursGambling is a suitable paradigm in which to explore music’s effects on behaviour because it
requires individuals to use a range of psychological processes includintpatt¢gudgement, decision-
making and memory. Background music often features witl@rdésign of gambling activities (Bramley
& Gainsbury, 2015) and environments (Griffiths & Parke, 20@/gre it is used to promote and enhance
the gambling experience (Parke & Griffiths, 2007). Music in gamhtimigiexts can be considered as a
structural characteristic, i.e., a feature that can initiate or maintain gangaditigipation (Parke &
Griffiths, 2006).

During gambling, individuals perform speed-related and monetaryvioeins. A number of
studies have found that music can influence indices of gamblingyibehgBramley, Dibben, & Rowe,
2014; Dixon, Trigg, & Griffiths, 2007; Mentzoni, Laberg, Brunbomglolde, & Pallesen, 2014;
Noseworthy & Finlay, 2009; Spenwyn, Barrett, & Griffiths, 2010) slworthy and Finlay (2009) found
that fast tempo music led slot machine players to underestimate the tinathgyent gambling. Betting
speed, risk taking and expenditure are considered behavioural medsymeshting intensity. Mentzoni
et al. (2014) found that slow tempo music led participants to place loets and fast tempo music led to
quicker reaction times during a simulated card game. Three studiescuegk that fast tempo music
leads to quicker betting in laboratory virtual roulette (Bramley eR@ll4; Dixon et al., 2007; Spenwyn

et al.,, 201). There is a lack of direct evidence for effects of music on expendihderisk taking in



gambling contexts, which suggests that tempo does not exert amagfloe those behaviours. But the
weight of evidence suggests that tempo can influence speed-related behdgig., betting speed,
reaction time and number of bets placed) and time estimations, aceoggeaof gamblingdivities (i.e.,
virtual roulette, a simulated card game and slot machines

However, the claim thaiackground music’s effects on speed-related gambling behaviours can
be attributed to tempo is open to challenge. Studies that have invaegstigatinfluence of tempo on
laboratory gambling behaviour employed different pieces of musiedch condition; consequently
music genre as well as other characteristics are confounded with teogio (Dixon et al., 2007;
Mentzoni et al., 2014; Spenwyn et #010) For example, Mentzoni et al. (2014: 104) us€tlaw
paced jazz music soundtréiclind a“fast paced popular melody. Dance music was utilised within two
studies (Dixon et al2007: Spenwyn et al2010); “upbeat” dance music for the fast tempo condition and
“chill-out” dance music for the slow tempo music condition (Spenwyn et al, 2010). Unfortunately,
neither Spenwymet al. (2010) nor Dixon et al. (20Q0Tdentified the stimuli used in their studies, therefore
it is not possible to analyse whether the musical stimuli differed in otings than tempo, but it is highly
likely that they did.

This inconsistent operationalisation of tempo is not confined to thosetigatesy gambling
behaviour. For example, within a meta-analysis investigating the impdetckiround music on adult
listeners, out of 16 studies which Kampfe, SedIimeier, and Renké20tr1) identified as having
systematically manipulated the tempo of background music, two omitesztis@rdetails of stimuli
including the beats per minute (bpm) utilised for the fast and slowitemrs (Balch, Bowmang&
Mohler, 1992; El Sayed, Farrag, & Belk, 2003) and only six utilised musitauk which manipulated
music tempo alone (McElrea & Standing, 1992; Herrington & Capella, ; 1R8inen, 2002; Oakes,

2003; Oakes & North, 2006; Waterhouse, Hudson, & Edwards, 20b@yefore musical stimuli that



varied in musical parameters like genre, mode and timbre may have exelpendent effectsn
behaviour.

Current understanding efmpo’s influence on behaviour is largely based upon empirical studies
in which the authors did not solely manipulate tempo, exert strict ¢anter the musical stimuli or
provide comprehensive details of the stimuli employBgo studies which have manipulated tempo
while controlling for other musical parameters suggest that fast tempo imersiases drinking (McElrea
& Standing, 199P and cycling speeds (Waterhouse et al., 2010). Thus there appdagsa lack of
systematic evidence regarding which behaviours are influenced by téomgo

A number of different psychological mechanisms have beerestggjto explain the proposed
effects of tempo on behaviour. In the case of gambling, the bemalvieffect of music tempo may be
mediatedby the influence of music on attention (Noseworthy & Finlay, 2000{Spenwyn et al., 2010),
and/or arousal (Bramley et a22014; Dixon et al.2007) Fast tempo music may distract participdntsn
the gambling task and impair their performance (Bramley et d4;200seworthy & Finlay, 2009). The
concept of musical “fit” could alsoexplain music’s influences on behaviour as demonstrated by Spenwyn
et al. (2010), who found that fast tempo music combined with gidirg led to quicker betting during
laboratory virtual roulette. dst tempo music and red lighting may have matched individuals’ expectations
of (i.e., fitted with) a gambling environment (Spenwyn et al., 2010).

The most commonly accepted explanation as to why music tempo effpasts of laboratory
virtual roulette gambling behaviour is that music induces chamgausal which impacts on the speed
of motor behaviour (Bramley et al., 2014; Dixon et al., 2007; Speretnal., 2010). This is despite there
being limited evidence available to support or refute this explanation. Aroubkalssate of physiological
and psychological readiness for action (Thayer, 1989), and commaundyed in empirical research ugin
subjective self-report and physiological measurembnttheory, fast tempo music has more arousal

potential than slower music because more events are occurring withgame time span creating



increased stimulation and making more processing demands (Berlytig, T@is explanation was put
forward within two studies that have found that fast tempo quékéxetting speed in laboratory virtual
roulette (Dixon et al., 2007; Spenwyn et al., 2010). However, Bramley(204HK) tested this explanation
and found that subjective arousid not mediate music’s effects on laboratory virtual roulette gambling
behaviour.This suggests that music tempo might not induce changes in subjectigalaaod impact
upon betting speed in a laboratory gambling situation although it ientlyr unknown whether tempo-
induced physiological arousal occurs.

Evidence to support the assertion by Berlyne (1971) that fast tempo music increases individuals’
physiological arousal is found within music and emotion studies$ t&apo music can increassténers’
heart rate (HR, Bernaldi, Porta & Sleight, 2006; Coutinho & Cangelosi,; Zaez & Danuser, 2007
and skin conductance level (SCCarpentier & Potter, 2007; Coutinho & Cangelosi, 2009; Gomez &
Danuser, 2007). Furthermore, research conducted within the field afsxstudies suggests that tempo
can influence physiological arousal when performing a concurrent taskeRgsi music increased HR
and led to higher treadmill speeds (Edworthy & Waring, 2006jil&iy, when cycling, fast tempo
music increased participants’ HR, and they cycled farther and faster (Waterhouse et al., 201@}eudo,
tempo can influence behaviour without influencing physiologicalsaouBrodsky (2002, experimeny 1
found fast tempo music did not influenldR or heart rate fluctuation (HRF, degree of fluctuation in beat-
to-beat heart rate), but did lead to poorer vehicle control during simuletédgd HR and SCL are the
most common measures used to detect physiological responses to music (gex PP for a review),
but music tempo might affect other measures of physiological arousakxBarple, Brodsky (2002
experiment 2) found that fast tempo music did not affect HR,HRF decreased and participants
committed more traffic violations and drove at a faster speed. Consequérappears that the links

between tempo, arousal and behaviour are not straightforward.



Listeners’ subjective arousal can also be increased by fast tempo music (Balch &, 1&86
Husain, Thompson, & Schellenberg, 2002). Coutinho and Cangg2fkl Y found that loud, fast, higher
pitch and sharper sounds correlated with increased subjective arousedfofdy it appears that a
relationship exists between listening to fast tempo music and listerecsiing higher levels of
activation. Research has also indicated that relationships might exist betwgetivseiand physiological
arousal. Van der Zwaag, Westerink, and van den Broek (2011) fowpusitive correlation between
subjective arousal and skin conductance responses and a negative correldtieenbheart rate
variability and subjective arousal during an office task performedtswifstening to background music.
Coutinho and Cangelosi (2011) found a positive correlation betweeandRubjective arousal during a
music listening task, although SCL and subjective arousal did not correlate

Studies thatinvestigate music’s effects on gambling also need to consider that gambling
participation can also influence physiological and subjective arousalt ta¢&ar(Coulombe, Ladouceur,
Desharnais, & Jobin, 1992; Coventry & Hudson, 2001; Diskin, Hadgi Skitch, 2003; Leary &
Dickinson, 1985) and skin conductance level (Diskin et al., 2@@8)increase during periods of
gambling. Changes in subjective arousal have also been recordgining situations (Diskin &
Hodgins, 2003 Leary & Dickinson, 1985). Subjective tension can also be implicatedambling
participation— some individuals gamble in order to reduce tension (Wardle et al.),2@talling and
experiencing losses during a gambling session can increase tensgom®rgamblers (Sharpe, 2004),
and individuals may experience increased tension prior to gambling (Réetdj, Craig, & Fineberg,
2012).

This discussion of the relationships between tempo and behaviour reweaisain gaps in
current understanding. First, there is limited evidence that music tempobenaple to influence
gambling, but the extent to which it is able to do so once other musicainpters are controlled for

remains open. Second, the idea that aroigstile psychological mechanism underlyimgsic tempo’s



effects on betting speed in laboratory virtual roulette (e.g., Dixon 2Cdl7; Spenwyn et al2010) has
yet to be confirmed empirically. This research first examines the hiekseen tempo and arousal by
conducting a pre-study which tests whether musical stimuli that ddfelysy tempo influence arousal.
Following this, the main study examines the relationship between teanposal and behaviour by
investigating whether music tempo alone influences laboratory virtuett@gambling behaviour via its
effect on physiological and subjective arousal. Based on prior research inpiefitiots of tempo on
behaviour even where other parameters were controlled, we expecstéredanpo music to elicit faster

betting speed, and increase subjective and physiological arousal.

Method: Pre-study music selection

Participants
Fifteen volunteers (5 male; M age = 35.7 years) comprising stafftaddrgs from The University of

Sheffield completed the pre-study. Participants were recruited for théupseksy email.

Materials

Musical Stimuli. The musical stimuli were composed specifically for thidyshy the first author and a
music technologist who compaselectronic music. Two versions of a musical composition were
produced, a fast tempo version (120 bpm) andlow tempo version (72 bpm), following the
classification employed by Milliman (1982) and others (Bramley et al4;20aldwell & Hibbert, 1999;
Dixon et al., 2007; Spenwyn et al., 2010). The stimuli were instrtahefeatured synthesised
instruments, were in the key &f major and composed in 4/4 meter. The fast tempo stimulus utilised

short repetitive phrases, had a strong beat, little dynamic variation and eadéddribed a%activating’



(Leman et al., 2013) ofmotivating’ music (Frask, van Noorden, & Rey, 2014). The fast tempo
version was slowed usirgtime-stretching algorithm within the software program Sound Fargeeate
the slow tempo stimulus. Excerpts from the musical stimuli are available

https://soundcloud.com/stephanie-bramley/sets/pre-test-musicalistim

Measures

Subjective valence, arousal and tension. Subjective arcasatorrelate with physiological arousal
(Coutinho & Cangelosi, 2011; Van der Zwaag et al., 2011). Teuneaubjective arousal, tension and
valence, a three-dimensional model of affect was employed (Schimmd#giol, 2000). Participants
rated how they felt “right now” along three dimensions (unpleasant-pleasant; bored-energetic; calm-
tense) from “extremely” to “not at all”. Responses to each dimension were scored from one to nine and
used for analysis (1 = “extremely” unpleasant, bored or calm; 9 = “extremely” pleasant, energetic or

tense).

Procedure

The pre-study was administered online; participants first gave themmatl consent before providing
demographic data (i.e., age and gender). Next, baseline measureseatiwibjalence, arousal and
tension levels were recorded. Following this, participants were instructed tottishee30-second excerpt
of the fast and slow musical stimuli at a comfortable volume. Order wiulsts presentation was
randomised. After listening to each excerpt, participants compéetaast-task measure of subjective

valence, arousal and tension.

Results



Paired ttests revealed no significant differences between participants’ subjective valence t(14) = 1p >

.05 or tension ratings t(14) = -.5p,> .05 after listening to the fast or slow tempo musical excerpts.
Participants’ level of subjective arousal was significantly higher following the fast tempo music (M =

5.67, SD = 1.35) compared to the slow tempo mudie 6.20, SD = 1.61), t(14) = 2.1F< .05,r = 0.15.

The results supported the suggestion from Berlyne (1971) that fasi tempes more arousal in listeners,
although the effect size was sm@bhen’s d = 0.32). These musical stimuli were used in the main study
to enable comparisons between the results of other studies which hal@yezmpimilar tempo
differences (e.g., Bramley et.a2014) and to examine whether music tempo alone influences gambling

behaviour.

Method: Main Study

Design

A one-way, between-participants design was employed and participantsamdmnly assigned to no
music, slow tempo or fast tempo music conditions. Three meadugambling intensity were recorded
participants’ betting speed (average amount of time taken to place bets, measuredoridskec
expenditure (average number of credits bet per game) and risk-takiexgge number of credits placed
on high-, medium- and low-risk bets). Table 1 (adapted from Détal., 2007) shows the types of bets
associated with each risk level, and their associated probabilities, payoutsxmamtitures. Online
screen recording software was employed to permit participants to gamble alone and capture participants’

computer activity.

INSERT TABLE 1 HERE



Experimental Questionnaire

The questionnaire collected demographic data (age and gender), opinidhe afusical stimuli
information about participants’ gambling habits (frequency of gambling and gambling expenditure) and
participants’ problem gambling status via the completion of the Problem Gambling Severity Index (PGSI,
Ferris & Wynne, 2001).

The PGSI consists of nine questions and participants responded tonemsisale (0 = Never; 1
= Sometimes; 2 = Most of the time; 3 = Almost Always). Scores obtainezhfdr question were totalled
to provide participants’ problem gambling status (0 = Non-problem gambler;-42 = Low-risk gambler; 3
7 = Moderate-risk gambler; 8+ = Problem gambler).

Participants rated their agreement with four statements about the musical stimglia five-
point Likert scale (1 = Strongly Disagree to 5 = Strongly Agree). The statsrexamined concepts of

liking, fit, familiarity and whether the musical stimuli aided concentratiommguhe gambling task.

Arousal

Both music and gambling are known to influence arousal independ@idgyefore physiological data
(HR and SCL) were collected during the gambling task using a ProCbfipily encoder and sensors.
HR wasmeasured using a sensor attached to participants’ middle finger (sample rate of 2048 s/s) and
SCL was measured using sensors attached to participants’ index and ring fingers of the hand that was not
using the mouse (sample rate of 256 s/s). Baseline measures ofidHRCA were collected when
participants sat alone and in silence for two minutes, following thidaisation period (see Main Study
Procedure). Physiological arousal was measured continuously dbengambling task. Mean HR and

SCL calculated for the baseline and during gambling periods were faseahalysis. The three-
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dimensional model of affect (Schimmack & Grob, 2000) measuubjective valence, arousal and

tension prior to (baseline) and following the experiment (post-gambling).

Participants

One hundred and forty-four participants took part in this studycamprised an opportunity sample of
staff and students from The University of Sheffield. Participant® wéher undergraduate psychology
students who completed the experiment in return for course credilanteers from the university
population. Data were incomplete from seven participants, therefore the finplesaize was 137
participants (88 femaldyl age = 20.9 years, range-BH., SD = 5.7). Participants were randomly assigned
to one of three conditions. Fortgven participants completed the “no music” condition (32 female); 43
participants completed the “slow tempo music” condition (29 female) and 47 participants completed the
“fast tempo musitcondition (27 female). Neither age, F(2,85.67) = 1/52,.05 (Welch’s ANOVA),
nor gender distributigny’(2) = 1.32,p > .05, significantly differed between conditions. A chi-square
analysis found no bias between conditions according to the distribdtigantblers and non-gamblers
x¥(2) = .85,p > .05. All but 7 participants completed the PGSI02 participants were classified as non-
problem gamblers, 22 as low-risk gamblers, 12 as moderate-risk gambted participant was identified
as a problem gambler. PGSI classification did not significantly differ dertwconditions f = .67,
Fisher’s Exact Test). Participants took on average 9 minutes and 35 sec@idls (1.23) to play ten
games of roulette. The amount of time spent gambling did not bigfeveen conditions F(1,134) = 2.06,

p>.05.

Procedure

Participants were tested individually and sat at a computer running the viowatte game (via

http//www.dublinbet.com). Participants read the information sheet and gave rtf@iméd consent.
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Participants received instructions verbally about the rules and objectieailefte, the prize draw and
how to operate the virtual roulette game. To encourage competition, ten patscipith the highest
credit balance at the end of the experiment were entered into a prize drav2$oAm&zon gift voucher.

During a familiarisation period, participants played three practice gamesilefte. Following
this, the experimenter left the room and the baseline measure dblpgical arousal was taken. The
experimenter then returned and participants completed the baseline measuigedive arousal. The
experimenter then started the CD player and left the room. Theletemwersions of the musical stimuli
(each 13 minutes in duration) were presented via a high quality CD sgstem and speakers in a
soundproofed room. The volume of the musical stimuli was keptamnisetween participants but the
dynamic changes within the stimuli were retained. The level of inyeakithe musical stimuli ranged
from 52dB to 73dB. Participants began betting offtdace Your Bets” appeared on the screen until “No
More Bets” appeared. After this, the roulette wheel was spun and the number and cufithie winning
slot appeared on the screen together. This cycle continued fa3timénute duration of the gambling
session. However, if participants had spent their allotted credits, themvéieg in the room until the
experimenter re-entered.

Betting speed for each game was recorded from when the screen displayed “Place Your Bets”
until participants stopped placing bets, as indicated by their final mouse clickinidhetamp of the
video recording was used to measure betting speed. The video file wasedisto record expenditure
and risk taking. To enable the results to be compared with those obtaipeevimus studies, subjective
and physiological responses during the first ten games were used forisa(Bhgsnley et al., 2014;
Dixon et al., 2007).

Following the gambling task, the experimenter entered the room and tlogppats completed
the post-gambling measure of subjective arousal and the ExperimenséibQuoaire. Finally, participants

were given an advice sheet listing organisations should they wistctesd their gambling habits.
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Results

Gambling behaviour

As shown in Table 2similar means were obtained for betting speed and expenditure across nenditio
Participants spent the most credits on high risk bets during the no musitotoadd spent the most
credits on medium risk and low risk bets when listening to fastaemysic compared to the other two
conditions. Me-way ANOVAs (between-participants) found that condition did not influeneting
speed, F(2,134) = .099, p > ,@Xxpenditure, F(2,134) = .16, p > ,08gh risk bets, F(2,134) = .05, p >

.05), medium risk bets, F(2,134) = .05, p >,.@5 low risk bets, F(2,134) = .18, p > .05.

INSERT TABLE2 HERE

Opinions of the musical stimuli
A series of independent samples t-tests found that tempo didgndicantly influenceparticipants’
opinions of the musical stimuli in relation to liking, t(88) = $3> .05; familiarity, t(88) = -.022, p > .05;

concentration, t(88) = -.84, p > .05, or fit, t(88) = -.83; .05 (see Table)3

INSERT TABLE3 HERE
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Arousal

Table4 shows the means obtained for the indices of physiological arousalbjettive valence, tension
and arousal by time of measurement and condition. The physiological el@aeveened, and movement
artefacts or extreme values were removed prior to analysis. Datanfnenparticipantg2 from the “no
music”, 3 from the “slow tempo music” and 4 from the “fast tempo music” conditions) were excluded
from analysis of the physiological arousal data because there were adariger of movement artefacts
at baseline or during gambling thus their responses could not be compared.

Mixed-design ANOVAs with one within-subjects variable (time of measerd — baseline
versus during gambling) and one between-subjects variable (copditere used to test the effect of
music condition on the various measures of physiological arousalulectve valence, tension and
arousal. HR was significantly higher during gambling than at basdlifie125) = 32.31p < .05. No
main effect of condition on HR was observed, F(2,125) = p68,.05, and time of measurement and
condition did not interact, F(2,125) = .39 .05. SCL was significantly higher during gambling than at
baseline, F(1,125) = 131.84 < .05. There wasmeffect of condition on SCL, F(2,125) = 1.68> .05
and no interaction, F(2,125) = 2.95> .05.

With regards to subjective valence, tension and arousal the éimgle size was 136, due to
missing data from one participant from the fast tempo music condifobjective valence was not
significantly influenced by condition, F(2,133) =39, p > .05, or time of measurement, F(1,133) = |25,
> .05, or by their interaction, F(2,133) 9, p > .05. There was no main effect of condition on tension
F(2,133) = 1.36p > .05, but a significant main effect of time of measurement Wwasreed, F(1,133) =
7.60 p < .05. Subjective tension was higher post-gambling compareas#ite. Time of measurement
and condition did not interact, F(2,133) = .$3; .05. For subjective arousal, no main effect of condition
was found, F(2,133) = .33 > .05. However a significant main effect of time of measuremeist wa

observed, F(1,133) = 3®, p < .05, as subjective arousal was higher post-gambling compared to at

14



baseline. No interaction between time of measurement and condition wagedbs$&i2,133) = .45) >

.05.

INSERT TABLE4 HERE

Discussion
This study investigated whether fast tempo music influences gambliranwdfect on arousal using a
laboratory virtual roulette task. In this situation, in which musical attributesr difan tempo were
controlled, music tempo alone did not influence indices of gambling bemari@ousal.

The absence of an effect of music’s presence on laboratory virtual roulette gambling behaviour
is not consistent with findings obtained by Dixon et al. (2007), foumd that the mere presence of
music led to betting speed being significantly quicker (fast temymicneondition) or slower (slow tempo
music condition) than th&no musi¢ condition. Given that the gambling task utilised within the present
study was similar to that used by Dixon et al. (2007), the diféeren results may be attributed to
differences within the musical stimuli presented to participants. First, Dixon(@0@lr) utilised stimuli
described as upbeat dance music (fast tempo condition) and chill-out dance (slagi tempo
condition). “Chill-out” is characterised aswusic which “shouldn’t draw too much attention...ideally be
the type of inoffensive music that most people could sit back and relax to” and “a flowing groove”
(Snoman, 2004: 25£56). Participants may therefore have experienced a change in arousabar m
relative to the other conditions, which influenced their betting speed. HoWewar et al. (2007) did not
measure participants’ mood, emotional responses or arousal level either prior to, during or thier

gambling task. Therefore it is difficult to conclude whether musicdéadunood, emotion or arousal led

15



to the observed influence of music on betting speed. Second, the ptedgntas the first since Dixon et
al. (2007) to include a “no music condition” when examining music’s influence on laboratory virtual

roulette gambling behaviour and the results suggest that the mere presentsicadans not influence
betting speed, expenditure or risk-taking. The results raise the posdimdgitynfluences of music on
virtual roulette gambling behaviour might only be elicited by certain musiicalils rather than by the

mere presence afnymusic.

Music tempo and gambling

Consistent with previous research, music tempo did not influenceakislg or expenditure, even when,
in this case, other musical attributes were controlled. However, the absemceftdca of music tempo
alone on betting speed is not consistent with previousakgsand suggests that music’s effects on
betting speed obtained in previous research may have been misattributedotd téntiely that music’s
effects on betting speed in previous research are due to other musicasfertich confounded with

tempo in those other experimental stimuli.

Music tempo and arousal

The results of the pre-study suggested that fast tempo music increagadivaularousal; however this
effect did not transfer to the main study either in the measuresjgfctive or physiological arousal. In
the pre-study the music was presented alone, whereas during the udgithst music was heard whilst
participants completed the gambling ta$kirthermore, music’s presence may have shifted from the
foreground (in the pre-study) to the background (in the mstaidy). Therefore the music may have been
more salient during the pre-study compared to the main study ieeirgtroduction of the gambling task

in the main study may have diverted participants’ attention away from the music and towards gambling.
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Five reasons for why tempo did not influence arousal in the stanly are proposed. First,
effects of tempo on measures of arousal may be mediated by monctask demands. Music can
influence behaviours such as driving (Brodsk§02 experiment 1) and copying text (Van der Zwaag et
al., 2011) in the absence of changes in physiological arousal. In cdtiRastreased when cycling and
listening to fast tempo music (Waterhouse et al., 2010). The amounbwment that is required to
drive, copy text and cycle differs, therefore it may be thatic tempo’s ability to influence indices of
physiological arousal is mediated by the amount of physical exertion demayttesltask. Music tempo
alone may not have influenced arousal levels in the present study p&depsse of the minimal
movement involved in playing laboratory virtual roulette.

Second, it may be that heart rate is not a reliable measure of physiological aespsnses to
music tempo in this particular situation. Heart rate has frequently beerdedcin studies examining
physiological responses to music; with many studies finding thaicrfeads to changes in heart rate (see
Hodges, 2009 for a review). However Ellis (200@mpared changes in mean HR and heart rate
variability (HRV, degree of fluctuation in betd-beat heart rate) while subjects listened to 2.5-minute
excerpts of music at three different tempos (60, 90, 120bpm)n M&a did not change significantly.
HRV, on the other hand, decreased as tempo increased, indicating aawdéthdf parasympathetic
nervous system activity (Ellis, 2009). Therefore future studligg wish to measure physiological arousal
using HRV in order to examine whether HRV is a more sensitive measareusfal from music (Ellis &
Thayer, 2010).

Third, it is possible that the manipulation of tempo alone was not sufficieinduce arousal
changes in the context of gambling. Research which has examined’d¢esfipct on physiological
arousal has tended to use different musical pieces to represent different tteergddy confounding
changes in tempo with changes in other musical attributes which may atsbuterto induced arousal

(e.g., Bernardi Porta, & Sleight, 2006; Carpentier & Potter, 2007; Caugimbangelosi, 2011; Gomez &
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Danuser, 2007; Iwanaga & Moroki, 1999; lwanaga, Ikeda & Iwe¥96; Weld, 1912). The results of the
present study suggest that tempo alone (or at least with this degreferaindigition in bpm) may not be
able to induce changes in physiological arousal during a gambling task.r&giinds to subjective
arousal, two studies which manipulated tempo alone employed stimuli thatdha music tempo of 60
bpm (Balch & Lewis, 1996; Husain et a002) and fast music tempi of 165 bpm (Husain et al., 2002)
and 140 bpm (Balch & Lewis, 1996), respectivddyt the studies did not examine gambling behaviour.
Based on the tempi used in these two studies we speculate that for a chanbjedtive arousal to be
induced in the present study, the tempi of the fast and slow masioali would have had to differ by at
least 80 bpm.

Fourth it may be that any effect of tempo on arousal (physiological lgjestive) was curtailed
or subsumed by the effects of the task on arousal. This studiyms the findings of previous research
which has suggested that gambling elicits changes in physiological (AndeBmwn, 1984; Coulombe
et al., 1992; Coventry & Hudson, 2001; Diskin et al., 2003; Leamiékinson, 1985) and subjective
arousal (Diskin & Hodgins, 2003; Diskin et al., 2003; Leary & Diskim, 1985). The significant effects
of gambling on HR, SCL, subjective arousal and tension leveystihesefore have masked or restricted
any potential effects of tempo on these same measures of arousal.

Fifth, tempo didnot influence participants’ opinions of the musical stimuli in relation to
familiarity, liking, concentration or fit. Such findings are consisteith \previous research Bramley et
al. (2014) found that tempo did not influence participants’ judgements of fit. The present study’s findings
also suggest that tempo alodges not influence participants’ self-reported concentration, which concurs
with findings obtained by Dixon et al. (2007). Consequently, iieaps that experimenter-selected music
which differs in tempo alone does not influence participants’ judgements in this particular laboratory

gambling situation.
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Limitations

One limitation relateso the study’s design. As only one set of musical stimuli and one set of tempi were
tested, one cannot rule out that the utilisation of a higher tempoefdash condition and a lower tempo
for the slow condition may have led to music tempo alone influergttgng speed. Future studies could
explore this using more extreme tempo manipulations and different musmopbsitions. To other
limitations relate tovhether the study’s findings can be generalised to real-life gambling situations. First,
participants gambled with credits and this may have inadvertently ioBdezxpenditure. Gambling with
chips or credits can increase expenditure, possibly because thelpgigaiosalue of chips or credits is
less than real money (Lapuz & Griffiths, 2010). Second, the abs#neaning or losing money may
have led participants to view the gambling task as unrealistic and unrepresearitatieal-life gambling
situation in turn participants may have akertheir gambling behaviour, although this was mitigated by
participants being offered the opportunity to be entered into the prime @rese limitations highlight

the need for future research to be conducted with individuals in situ.

Conclusions

Despite these limitations, this study contributes to the fields of mugah@®gy and gambling studies
becausét suggests that there are some tasks and musical characteristics undeempilis less likely
to influence behaviour. The study indicates three directions forefubsearch. First, future studies could
investigate whether arousal mediates effects of tempo on behavioungyaysotentially more sensitive
measure of physiological arousal, such as HRV. Second, future alessauld manipulate musical
attributes of stimuli, such as loudness, pitch or more extreme tempi, yasitjet prove to be more
successful ways to induce arousal in participants. Third, more resgarebded to investigate whether
self-selected music influences aspects of gambling behaviour, as indutesr activities (Herrington &

Capella, 1996). This idea is prompted by research indicating that gandglérselect music to
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accompany gambling, particularly moderate-risk and problem gasnhiéich in turn supports cognitive
and emotional aspects of gambling (Bramley, 2015). This typeusicnrmay perform different functions
from, and use difference mechanisms than experimenter-selected musinclusion, our findings

provide an insight into the limits of music tempo as an explanation fdc mffects on behaviour.
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