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1. INTRODUCTION

Movement to music is widespread and comes in méferent forms ranging from
foot tapping and head nodding to full body dancerenaents. The types of
movements used when moving to music, and the tiypausical rhythms that induces
dance related movement has recently gained som@#tt (e.g. Burgest al 2013;
Luck et al2010; Naveda & Leman 2009; Toiviainen, Luck & Thmsan, 2010).
These recent studies have recorded dancers usiag @r motion capture and
described the types of movements performed to waiigpes of music. Our question
stems from a slightly different angle, namely wieetthe preferred tempo when
dancing is related to body morphology or sex.

In previously unpublished work, Huron and sevefdlis students observed the dance
behaviors of males and females at a popular uniyetiscotheque. A one-hour music
program was presented in which successive danes ware randomly varied in
tempo. While female dancers always out-numberee wni@hcers, there was a
significant association between sex ratio and terafgeater proportion of males was
evident for those selections exhibiting a slowenye.

Such apparent preferences may be stylistic inrarigpr example, women appear to
have a greater stylistic affinity for “dance” odisco” rhythms, whereas a greater
proportion of men appear to have a stylistic peziee for “rock” or “reggae”
rhythms.

While an association between sex and style wowdchge provide the most
parsimonious account for the observed link, othegrpretations are also possible. In
general, males are larger than females. From adsbanical perspective, the act of
dancing can be regarded as a stylized form of “bmgyi, where optimum bouncing
rates would depend primarily on kinematic factstgh as the mass of the body or
the elasticity of the achilles tendon. It may be tlase that the observed sex-related
differences in preferred dance tempos are an ertfedifferences in body
morphology between men and women.

The production of repeated events, such as stejap®sris dependent on motor
control limitations: Keeping a steady rate is d@ifiit both for very slow or very fast
tempi. There is also a perceptual limit to how elos separated in time events can be.
Specifically in the context of music, notes tendbéoregarded as fused when they are
separated by less than 100 ms, and as isolatetkaf/ére separation is more than 2 s
(see e.g. Clarke 1999; Repp 2006 for comprehemsinews). Between these
extremes, however, there ought to be a tempo fachwperformance is optimal. The
concept of such preferred tempdas been the focus for a number of studies on
tempo perception and production (see e.g. Frai@82; LCollyer, Broadbent and
Church 1994; VanNoorden and Moelants 1999; Moel2d@2; McAuley, Jones,
Holub, Johnston and Miller 2006).

Several studies have showed a tendency for patitspgo spontaneously aim for a
particular tempo. This preferred tempo is differeetween individuals, but Fraisse
(1982) found that it typically lies in the range01033 beats per minute (bpm). More
recently, McAuley et al. (2006) have shown the @rerfice to change during the life
span, with young children inclined towards fasted alderly towards slower tempi
than the population average (McAuley et al. 2006).
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The range of preferred tempi, approximately centareund 120 bpm, corresponds
well to the distribution of tempi in music. Moelar(2002) combined data from a
large database of ‘bpm-lists’ (used by DJs) withezxmentally collected data where
participants tapped to excerpts of Western mugie. résulting distributions were
primarily concentrated in the region of 115 to pm, with a pronounced peak at
125 bpm (or 480 ms period). Relating perceived topmovement patterns,
Moelants modeled the distribution of musical temging a physical resonance model
(see also Van Noorden and Moelants 1999).

The possible link between body movement and rhytblaied behaviors has figured
prominently in the work of Todd (1992; 1995; 192900). In the first instance, Todd
has noted that the vestibular system is sharedthétlisense of hearing within a single
anatomical organ, which includes both the cochiehthe semi-circular canals. Todd
has proposed a physiologically-based model thatrgtts to account for the often
observed parallel between musical “motion” and ocgpl motion.

In a series of experiments Phillips-Silver and moaihave demonstrated that body
movement shapes our perception of rhythmic patt@rhalips-Silver and Trainor,
2005; 2007; 2008). They used a paradigm whereqgiaatits were asked to "bounce”
to ambiguous rhythms. That is, following the exaenpl the experimenter, they bent
their knees and then extended their legs, movitigeon every second or third beat.
In a forced choice listening task, participants wlad bounced every second beat
predominantly chose a duple in preference to &triprsion of the rhythm as the one
played before. Participants having moved everylth&at instead indicated the triple
meter as the one in the bouncing task. Merely wagcbomeone else bouncing
showed no effect on perceived rhythmic groupingisfthe influence of the
bouncing on rhythmic perception appears to dep@nekstibular activation.

Evidence in support of an association between rhyahd locomotion has appeared
in previous research (see e.g. Friberg and Sundi®99; McDougall and Moore
2005; and Styns, Van Noorden, Moelants, and Lend&7R In their study of
ritardandi, Friberg and Sundberg (1999) found thatfinal slowing in recorded
music closely corresponds to the application abstant breaking power similarly to
the manner in which runners stop.

MacDougall and Moore (2005) had participants weaaecelerometer that
continuously monitored head movements in three dgioms over the course of a
day. In analyzing the recorded data, MacDougallModre found a marked peak at
about 2 Hz (corresponding to 120 bpm or 500 msopgfior vertical movements.
Plotting their aggregate results against the histogof tempi from Moelants (2002),
MacDougall and Moore showed a clear similaritytte tempo distribution, also
displaying a dominant peak at 2 Hz. The peak az Hs, however, also present for
activities where locomotion was not especially ined.

Inspired by the findings of MacDougall and Moorgr$s et al. (2007) asked
participants to synchronize to music excerpts bikiwwg and by tapping for a wide
range of tempi. For the walking condition, the mgpaints were most successful in
synchronizing to tempi in the range 106—130 bpmeWtapping to the music
excerpts, 80.7% of the participants chose the sateeas when walking. A multiple
regression model using walking tempo (linear andased) in combination with leg
length was able to explain 33% of the variatiowalking step size. That is, the speed
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of walking (e.g. how long steps that were taken3 waedicted both by the tempo and
the leg length of participants.

In research by Todd, Cousins and Lee (2007), afgignt correlation was found
between tempo classification of different auditdrythms and anthropometric
measures. The results showed significant main tsffec age, mass, height, leg
length, and biacromial breadth (that is, shouldelthy. No significant main effects of
sex were found. However, the effect sizes for thitbrapometric factors were small.
No differences in preferred tempo between malesemedles was found.

Whereas much of the earlier work cited above suggesiationship between body
and perception or synchronization (e.g. Todd, Gmjsand Lee 2007; Phillips-Silver
and Trainor 2008; Moelants 2002; Stytsal. 2007) the current work investigates
whether there might be a relationship between laodlypreferred dance tempo and/or
whether such a relationship is connected to sd&rdiices (as suggested in the study
by Huron and colleagues mentioned at the startsd&gifically focusing on dance, as
opposed to finger tapping or locomotion, we studaetivity which is normally
performed in synchronization to a musical pulsewahath involves large body
movements. In light of the extant research, andrasyy dance to be a more energy
consuming activity than locomotion, it is not imypdable that preferred dance tempos
might relate to anthropometric factors like bodysshar height.

In order to investigate the hypothesis that prefitdance tempo is related to
anthropometric factors, we carried out two simplpegiments. In brief, participants
were asked to adjust the tempo of a “drum machivigle dancing to their preferred
dance tempo. We subsequently took morphologicakorea of each participant.

We predict that mass and height will be positivayrelated with preferred beat
period (T=60/bpm). That is, we predict that largedy size (in height, weight, or
width) will be associated with slower preferred damovement. Furthermore, we
predict that any correlation between sex and preddbeat period will be explained
by the variation in body size between sexes.

2.0 EXPERIMENT 1

The first experiment took place in Columbus, Ohmd an earlier report of the data
was given in Dahl and Huron (2007).

2.1 Method

2.1.1 Subjects

Thirty subjects were recruited for the experimédtfemales and 12 males. The
participants were drawn from a convenience popudadf sophomore music students
participating in an experimental subject pool & @hio State University. Subjects
chose to participate in this experiment from adisturrent studies. The soliciting
materials included information indicating that peipants would be asked to dance
unobserved in a room by themselves and that pHysieasurements, including
height and weight, would be recorded. As self-gelkparticipants, it should be noted
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that significant sampling bias cannot be excludiegarticular, students who enjoy
dancing are more likely to have participated, whsrgtudents embarrassed by their
weight or body features are less likely to havdipigated. Voluntary subject
recruitment is apt to reduce the variation in bogbes, and therefore reduce the
potential statistical power.

2.1.2 Procedure

Participants were tested individually in an isaleteom. A computer display

included a vertical slider that influenced the tengh a Max MSP software patch. The
patch implemented a drum-machine playing an altergdass-drum/snare-drum
rhythm (i.e., “standard back-beat”). The sound stimvere reproduced over two
loudspeakers. The tempo slider could be contralkdg a computer mouse. The
range of possible tempos spanned 40- 239 beatsipate (bpm), corresponding to
beat periods ranging between 1.5 seconds and 25Aftesreceiving the instructions
(see below) participants were left in the room altmtry out different tempi.

The instructions read to the participants wereodewvs:

“In this experiment we want to get an idea of ypreferred dance tempo. That is, we
want to find out at which speed you are most cotafile when dancing. When the
time comes, | will leave you alone in this roomuyidbe able to dance around
without anyone seeing or hearing you. This istardmachine which plays a
standard back-beat rhythm. You turn it on by pregsine space bar [demonstrates].
You can adjust the volume here [demonstrates volkeoné&ol]. You can adjust the
tempo by moving this slider [demonstrates slidédu stop it by pressing the space
bar again [demonstrates]. We want you to try ofiedint tempos until you find a
tempo that you feel is most natural for the way glance. That is, find a slider
position that corresponds to the movement you iiedt comfortable. You may feel
that there is more than one tempo that you likegjfsimply choose the tempo that
you think is the best. Don't be afraid to take yime. When you have settled on the
best tempo, don't move the slider; simply leavertioen and come and get me.”

After demonstrating the drum-machine patch, thepesilider was left in an initial
pseudo-random position in the area roughly betvid®eand 75 percent of the
maximum tempo value. The drum-machine was turnealsathe experimenter left the
room.

After the participant was satisfied with the satattof the tempo, the experimenter
returned to record the tempo in beats per minudar Enthropometric measurements
were then taken: height, shoulder width, leg lengttd weight. For the length and
shoulder-width measures, the participant stoodnatjai wall that had been marked
with a measurement grid. By placing a ruler onghsicipant's head the experimenter
read the height off of the wall grid. Similarlyetividth of the shoulders was
determined by the experimenter placing a rulerragdhe participant's shoulders and
observing the corresponding the left and right serupoints along the horizontal

wall grid.

The leg length was estimated by asking the paditipo point to the lower part of the
hip bone protuberance (anterior inferior iliac g)ion their left and right sides. After
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locating these points, the experimenter measumetktigth between the hip bone and
the ankle (malleolus lateralis) using the wall gr&hind the participant. The average
between the measures of the left and right legtakeen as an estimate of the
participant's leg length.

Finally, the participant stood on a domestic etsatr scale and their weight was
taken.

2.2 Results

Figure 1 shows the distribution of preferred beatquls selected by the 30
participants. The distribution is presented in @wh400 ms. The mean tempo was
429 ms with a standard deviation of 129 ms. Thpaese data does not appear to be
fully normally distributed but is positively skewedth one third of selected beat
periods falling between 300-400 ms. The selectegpieanged between 89-239 beats
per minute, corresponding to preferred beat perddetween 251 and 674 ms. This
fairly large range might suggest that some pawicip were (“doubling” or

(“halving”) the tempo from the drum machine foriaem dance gait. Unfortunately,
we were not able to monitor or record the danceicto this conjecture cannot be
confirmed.

Frequency

I T L 1 T |
200 300 400 500 600 700 800 900

preferred beat period (ms)

Figure 1: Distribution of preferred beat periodsiis) for the 30 participants in
Experiment 1. The individual data points can bensewler the 100-ms bins.
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One might argue that the tempo range of the stitleuld have been narrowed so as
to minimize inadvertent doubling or halving of tieenpo. However, this presumes
that forcing participants to respond using a m@eow distribution would represent
the “true” distribution, and there seem litdepriori logic to warrant this assumption.
Acknowledging the messiness of our data, we negkasls continued with our
planned analysis.

Table 1 shows a simple correlation matrix includoogh the dependent measure and
the independent measures. The best predictor oleead is average leg length (r=-
.66; F=.43, bootstrapped confidence levels .39 and B&.second and third best
predictors of beat period are height (r=.64.41, bootstrapped confidence levels .35
and .85) and sexp=-.60; F=.36, bootstrapped confidence levels -.79 and -182)

the case of sex, females preferred a faster danged (lower beat period).
Correlation values and regression analysis wa®pagd using IBM SPSS.

Table 1: Correlation matrix for the recorded valestin Experiment 1. Significant
correlations (2-tailed) are marked with ** (p<0.Gi)d * (p<0.05). Point biserial
correlations between the dichotomous variable selxtlae continuous variables is
interpreted as in the following example: as thevamable increases from male (0) to
female (1), there is a .6 decrease in preferretfereod.

Period Sex Height Shoulders Leg Weight
Period 1.00
Sex -.60** 1.00
Height 64%* -.84%* 1.00
Shoulders 16 -.32%* .28 1.00
Legs .66** -.65** .80** A1 1.00
Weight .36* -.68** .65** A4 A42* 1.00

As seen in Table 1, some of the measured variaoéefairly correlated. In particular,
sex and height {5=-.84; rpb22.71, bootstrapped confidence levels -.90 and -an@)
height and leg length share a large portion of/dréance (r=.80;%.63, bootstrapped
confidence levels .66 and .90). In order to rechassible problems with collinearity
among variables and reduce the number of indepépdedictors, height and leg
length was combined into a composite, standardraeidble ‘Stature’. The new
variable, calculated as the average of the z-sd¢ordwight and average leg length, is
still highly correlated with sex (#=-.79, p<.001, two tailed, bootstrapped confidence
levels -.88 and -.67), which calls for cautiougmtetation of the model. Figure 2
shows the preferred beat period versus staturdl@ehéircles) and sex (grey plus
signs).

A hierarchical regression was carried out to prigplieferred beat period. The
consideration of predictors to enter the regressiodel was made based on our
hypothesis, results from previous research andale In the results from the
listening test by Todét al (2007), weight was an important factor for preddrbeat
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period in absolute figures whereas body spatiakdsions would be more influential
when considering effect size in relative terms. &k more interested in the relative
influence and select the composite variable stasreur first predictor. In our data,
shoulder width shows relatively low and insignifit@orrelation with preferred beat
period, whereas the measurements of weight praveoblate the assumption of
homoscedasticity. Therefore, weight was droppea @edictor and shoulder width
and sex was entered into the model in a second Beys, a hierarchical (sequential)
regression was performed first entering statulégvied by shoulder width and sex in
a second step (the latter two entered stepwise05, pouc=.10).

The results of the regression analysis can beiseEable 2. As can be seen in the
table, the only predictor to enter the model watusé (including height and average
leg length). Neither sex nor shoulder width conttdal significantly to determining
the variance of the predicted variable, preferreal iperiod.

Table 2: Linear model of predictors for preferregbperiod (95% confidence
intervals are reported in parenthesis.)

b SEB B P
Step 1
Constant 428.90 17.50 p=.000
(393.05, 464.75)
Stature 93.71 18.78 .686 p=.000

(55.25, 132.18)

R’= .47, adjusted R=.45 for step 1.
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Figure 2: Preferred beat period in ms vs. statawverage standardized height and leg
length (unfilled circles) and sex (grey +). Thethows that a tall height and long
average leg length is associated with a slow terpe.overlapping relationship with
sex (aligned vertically according to their codirsg@amale and 1=female) can also be
seen.

Figure 2 plots the significant relationship betwgeaferred beat period and stature.
As can be seen, there appears to be a positivelaton, with taller height and longer
leg length associated with lower preferred beabpg(r,=.69, p<.001, two tailed,
bootstrapped confidence intervals 445 and 863)e Hotvever, the relationship also
with sex in the figure (indicated by plus signshese the males in general are taller
with longer legs and also, in general, chose lobgat periods (slower tempi).

2.3 Discussion

The results indicate that body morphology may legted to preferred dance tempo.
However, the possible influence of sex cannot lwduebed. Table 1 shows that there
was an association between sex and preferred damg®, which is also seen in
Figure 2. Nevertheless, the shared variance watiiist resulted in sex being
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eliminated in the multiple-regression analysisafger sample of participants might
yet reveal that sex has some impact on preferreded@mpo.

Since women generally have a lower center-of-gyahién men, in some ways it
would be surprising not to find some sex-relatdtetence in dance movements. Note
however, that such a difference might still implecbody morphology rather than
social or psychological sex-related differencesoritter to further investigate this, a
second experiment was done.

3.0 EXPERIMENT 2

The second experiment was carried out at Hanoverelsity of Music, Drama and
Media in Germany and had two objectives: 1) toHertinvestigate if sex had an
impact, and 2) to see whether the found associagtreen leg length and preferred
dance tempo in Experiment 1 could be replicatedhamore, we chose to explore
whether a measure of heart rate could help to atelicow actively participants were
dancing.

In order to explore the possible influence of 4bg,recruitment of participants was
altered in order to control for some known diffezes between males and females.
Specifically, we attempted to control for the fawit females in general are shorter
and lighter than males by matching male and ferpai@cipants in terms of height.

3.1 Method
3.1.1 Subjects

Forty-seven subjects were recruited for the expamin23 females and 24 males. The
experiment was advertised in several Universitydmgs in Hanover with

information on how volunteers wanting to particgabuld contact the experimenters
and book a time. The advertisement indicatedwlmemhen tallethan 170 cm anthen
shorterthan 175 cm were particularly welcome as partitipaA monetary
inducement was offered to encourage participailitve. experimenters also visited the
cafeteria area, approaching persons fulfilling ¢hesjuirements, asking if they would
be interested in participating. As it proved harierecruit male volunteers, the
experiment was also advertised further outsidaittreersity.

The soliciting materials included information indlimg that participants would be
asked to dance unobserved in a room by themsetkethat physical measurements,
including height and weight, would be recorded.iExperiment 1, people who
enjoy dancing would be more likely to have parttgad. Compared to Experiment 1,
there was a larger spread in age (19 to 40 yesnd)therefore age was included in
the initial analysis.

3.1.2 Procedure

The procedure and instructions were virtually igeaitto those used in Experiment 1.
A software patch in pure data (Puckette, 1996)auay standard back-beat rhythm.
The tempo could be controlled with a slider (ussngpmputer mouse) and varied
between 50- 300 beats per minute (correspondibgab periods between 200 and

10
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1200 ms). To avoid the possible problem of subdmgar doubling the tempo,
participants were asked to think in terms of one@neent per beat.

No shoulder width was recorded, as the correldigtween shoulder width and dance
tempo in Experiment 1 was relatively poor. Howeveg,chose to keep weight
measures. In addition to the anthropometric meaghesheart rate before and after
dancing was taken as a way to monitor the “danfcetétluring the experiment. The
heart rate was measured using a commercial systepufse measurement during
exercise (Sigma Sport pulse computer PC3). Aftéainlmg informed consent, the
participant was equipped with a girdle and a walisplaying the current heart rate.

After reading the instructions and demonstratirghtch, the experimenter recorded
the current heart rate from the pulse computerthen left the participant alone to
dance in a private room. Once the participant lsdabdéished their preferred tempo,
the experimenter was notified and immediately réedrthe post-dancing heart rate.
Following a brief set of questions, the body heidgty length and weight were
recorded. For this experiment, an anthropometgauae for measurement of body
height, was used. For height measures, the patitgiood on the bottom plate of the
gauge and the height in centimeters was determirfezlleg length was estimated by
asking the participant to point to the lower pdrthe hip bone protuberance (anterior
inferior iliac spine) on their left and right sidé%or each leg the participant adjusted
the gauge to the appropriate position and the axpeter read the height. Then the
height of the ankle bone (malleolus lateralis) Waducted from the measured hip
height and the average between the measures l&ftlamd right leg was taken as an
estimate of the participant's leg length. Next,ghdicipant stood on a domestic
electronic scale and their weight was taken. Fmallthird reading of the heart rate
was done before the girdle was removed.

The measurement error was estimated by the expet@miaking all measurements
10 times for one person. For the height, and aeeleglength the error was
estimated to +/-0.6 cm, and +/-1.6 cm respectively.

3.1.3 Initial analysis

Heart rate: In order to investigate possible correlations leetmwheart rate and
preferred dance tempo, two heart rate measuresugseck Abaselinefor each
participant was calculated as the average betweefirst and the third (last) reading.
Theshiftin heart rate was calculated as the differencerdst the heart rate
immediately after dancing and the baseline. Theaes for taking these measures
were twofold 1) to determine whether the differebheéveen the baseline heart rate
and post-dancing heart rate would correlate widigrred dace tempo; and 2) to
investigate possible relationships between paditig baseline heart rate and the
preferred tempo.

For three participants, it was not possible totgete readings of heart rate because of
poor contact between the girdle and the ribcagas Tthree values for baseline and
shift had to be discarded in the analysis.

No significant correlations were found, either bedw baseline heart rate and
preferred beat period=<.255,p=.118 two tailed, bootstrapped confidence interval
0.008, 507) or pulse shift and preferred beat plefie-.271,p=.105 two tailed,
bootstrapped confidence interval -0.482, -0.01Rg participants were unobserved

11
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while dancing and although the reading was dorsoas as the experimenter was
recalled, the heart rate might have settled sorferdéhe reading.

Height matching: After conducting the experiment, the frequencyritiation of the
heights of males and females were investigated.h&rght distribution of heights for
females proved to be positively skewed compardtddalistribution for male heights
(skewness .0646 for female group and .026 for naaid)therefore a matching of the
distributions for the two groups was done. The matg was made by randomly
removing participants from the height range ove@resented for each group. No
consideration of other measures was made. Frorethales, three randomly selected
females in the range 167.5-170 cm were removedfrandthe male group four
random participants with heights between 180-18are removed. This resulted in
a sample of 20 males (mean age 26.1 years, Sawd220 females (mean age 25.2
years, SD 4.3) with mean heights of 176.6 (SD &) 176.3 (SD 5.1) centimeters
for the two groups respectively.

3.2 Results

The objective in the second experiment was to itiy&te if the found association
between stature (height and leg length) and pedetance tempo in Experiment 1
was reproducible, and to see if balanced femalen@add participant groups in terms
of the body height would eliminate the correlatbmtween sex and preferred dance
tempo.

By advertising for men shorter than, and womeretahan the German national
average (167 cm and 175 cm for females and masgecavely) we aimed at
minimizing correlations between height and sexwa tailed t-test showing non
significant differences in height for male and féengarticipantst(38)=.177, p=.86
indicated that the groups were appropriately matéhehis respect.

However, our recruiting approach also resulted shightly reduced variability for the
measures height, average leg length, and weigtarapared to Experiment 1.
Table 2 shows the maximum, minimum, mean, and staindeviations for the
measures taken in Experiments 1 and 2. As candrg gee span between maximum
and minimum values found for height, leg lengthd areight is slightly wider for the
measures in Experiment 1. Aware that this reduaade in height is likely to lessen
any effect size, we nevertheless proceeded witlnbéysis.

Table 3. Comparison between the anthropometric aneagrom Experiment 1 (30
participants in Columbus, Ohio) and 2 (40 partinigan Hanover, Germany). Length
measures (Height and Legs) are in cm and Weigkg.ihegs refer to the average
length of left and right leg. Maximum and minimuneasures for each experiment
are shown in italics.

Maximum Minimum M ean

Height Legs Weight Height Legs Weight Height Legs Weight

Exp.1 170.1 | 86.1 71.1
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male |187.0 | 98.5| 130.0 | 173.0 | 84.5| 62.7 180.3 90,5 85.9

female| 173.5| 92.8| 93.5 | 1515 | 75.8| 46.1 |163.3 | 83.2| 61.3

Exp. 2 176.5 | 93.0 69.6

male 187.0 | 100.4109.0 |167.3 [85.1| 53.1 |176.6 | 92.6] 72.1

female | 189.0 | 103.3 88.7 166.7 | 86.3 | 55.8 176.3| 93.3 67.2

Figure 3 shows the distribution of selected beabps for the 40 participants in
Experiment 2. In comparison with the distributionExperiment 1, the mean selected
beat period is marginally lower, 415 ms (correspogdo 132 bpm) with a standard
deviation of 415ms. This beat period still corrasg®to a slightly higher tempo than
would be expected from previous studies (e.g. Majad and Moore, 2005). Like in
Experiment 1, the distribution is still positiveditewed and again the range (256 to
803 ms) might indicate that some participants vdengbling or halving the tempo
when dancing. For the purpose of the subsequehtsisahe preferred beat period
data was logarithmically transformed to a new J@ed ogBeat (=In(beat period)),
which had a close to normal distribution.

14
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|

10

Frequency

200 300 400 500 600 700 800 900
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Figure 3: Distribution of preferred beat periodstfte 40 participants in Experiment
2. The individual data points are sorted in 100bins and can be seen below the x-

axis.

Table 4: Correlation matrix for the recorded valeastin Experiment 2. Significant
correlations (2-tailed) are marked with ** (p<0.Gi)d * (p<0.05).

LogBeat | Sex Age Height Leg Weight
LogBeat 1.00
Sex -.04 1.00
Age -.46** -.09 1.00
Height .39* -.03 -.05 1.00
Legs .20 .09 -.01 AT 1.00
Weight -.06 -.24 .32* 31 .09 1.00

Table 4 shows a simple correlation matrix includoogh the dependent measure and
the independent measures. The best predictor déafgs age (r=-.46%¢.21,
bootstrapped confidence levels -.67 and -.21 p¥edid by height (r=.39%¢0.15,
bootstrapped confidence levels .14 and .58). Theeledion between LogBeat and leg
length is not significant. Sex shows no significaotrelations with preferred tempo,
age, or height.

The significant correlation between age and tenagd_pgBeat) was not expected
and, after a closer look at the variable, also lgroltic. Since participants were only
recruited according to sex and height, and theraxeat advertised to a wider
audience compared to Experiment 1, this did redute wider but also positively
skewed distribution of ages, with the majority affcipants between 20 and 25
years, and a only a couple between 35 and 40 (gaesH). This, in combination
with the reduced variance in preferred beat peioodhe older participants, made us
drop age as a predictor in the regression anadyglsconcentrate the model on the
anthropomorphic measures. The results should bepieted with caution but might
nevertheless give an indication of a possible iaahip.

Using LogBeat (transformed preferred beat periedha predicted variable, we
carried out a multiple regression analysis, witlghe average leg length, and sex, as
predictor variables. Using a hierarchical linegression, height was forcedly entered
in the model in a first step, and in a second d&gplength and sex was entered (using
stepwise regressiop;,=.05, pou=.10). The results of the analysis is shown in &&bl
Height was the only predictor to be retained inrtialel, explaining about 13% of

the variance (?gdjusted—-o.w). None of the remaining predictor variabss length or

sex was found to contribute significantly in deterimg the variance of the predicted
variable, (logarithm of) preferred beat period widamcing.
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Table 5: Linear model of predictors for logarithadlg transformed preferred beat
period (95% confidence intervals are reported mepthesis.)

b SEB B p
Step 1
Constant 1.722 1.69 p=.314
(-1.70, 5.13)
Height 0.03 0.01 .386 p=.014
(0.01, 0.04)

R°= .15, adjusted R=.13 for step 1.
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Figure 4. Preferred beat period vs. participangg. & he plot shows the reduced
variability in beat range with increasing age.
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Figures 5 plots the significant relationships betwereferred beat period for dancing
and participants’ height. There appears to be @ip®<orrelation for height, with
taller height associated with lower preferred temppdicipants=0.40; p<.012 two
tailed, bootstrapped confidence interval .99, .60).

3.3 Discussion

The two main objectives for Experiment 2 weretdlinvestigate whether sex had an
impact on preferred dance tempo in a matched sampte2) to see whether the
found association between stature and preferreded@mpo in Experiment 1 could
be replicated. There was no correlation betweerasdxpreferred dance tempo,
suggesting that the sex-related association obdemExperiment 1 was due to co-
variability with other factors. It appears thatrgatching female and male heights,
sex can thus be excluded as a significant prediotgsreferred dance tempo.
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The data for Experiment 2 appears to replicatendasi relationship between
anthropomorphic measures — preferred beat periodiiacing found in Experiment 1
(in the previous case stature height and leg lgnigitExperiment 2, body height was
the only predictor to enter the model, which acdsdor about 13% of the variance.
The relatively weak effect in Experiment 2 wouldébgected considering the
reduced variance in the sample — which in turn wdsced by our approach of
recruiting participants. This also led to a wideread in ages, which also might have
an influence. Indeed, age was the factor with ighdst correlation with preferred
beat period. The found correlation indicated a @ehat surprisingly) negative
relationship, meaning that the older participangsenmore likely to prefer faster
dance tempo. However, as the assumption of homasteitly did not hold for the
variable age, and we chose to exclude it from ¢igeassion analysis.

4.0 GENERAL DISCUSSION AND CONCLUSIONS

This research was originally motivated by the obsgon of sex-related differences
in preferred dance tempos. In the ecologicallydvebintext of a discotheque, we had
observed a significant association between mutoapo and the proportion of
females-to-males on the dance floor. Consisterit thiése observations,

Experiment 1 also revealed an association betweearsd preferred dance tempo.
However, in the multiple regression analysis, sas @liminated as a significant co-
variate due to its shared variance with statur&xperiment 2, matching the heights
of the male and female resulted in no significamtelation between sex and
preferred dance tempo.

At face value, the results of Experiments 1 anch@ly that the initially observed
relationship between sex and preferred tempo mantetifact of body size. In
general, males are larger than females, and so lkehgto move efficiently at a
slower tempo. These findings are consistent wighviBw, expressed by MacDougall
and Moore (2005), Todd and others (Todd, 2000; T@adisins, and Lee, 2007), that
the dynamics of body movement shape rhythm-rellagddviors — at least with
respect to dance tempo. It should be noted, morethag neither Todd, Cousins, and
Lee (2007) nor Styns et al. (2007) reported a (inefilect for sex, which might have
been expected.

In a series of experiments where participants \asked to bounce to ambiguous
rhythms, Phillips-Silver and Trainor have demortstlghat body movement shapes
our perception of auditory patterns (Phillips-Sile@d Trainor, 2005; 2007; 2008).
With this in mind it is plausible to assume thatiponorphology could, albeit
indirectly, shape our experience of music. Tallgleavith long legs that are more
comfortable moving at a slow pace would then aksonore likely to feel the rhythm
accented at this tempo rather than at alternatinghér) metrical levels.

In accordance with earlier studies (Todd, Cousntslzee, 2007; Styns, Van
Noorden, Moelants, and Leman, 2007) we found thdtrapometric factors correlate
with preferred dance tempo with height or leg lérnginerging as the most important
parameter. However, some caution is appropriate.physics of moving objects
suggests that mass is an important factor in aojlatsng system. While increased
weight was found to be correlated with longer pref@é beat period in Experiment 1,
the data was not entered into the model due tatoi of the assumption of
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homoscedasticity. In Experiment 2, no significemitrelation between weight and
preferred beat period was found. This would be etqakif the body shapes of our
participants were fairly uniform, with the exceptiof overall height. In recruiting
volunteers for this experiment, potential particifsawere informed that their weight
would be measured. This might be expected to rethecaumber of heavy-set
volunteers, and so reduce the weight-related vegianith the predictable loss of
statistical power.

As suggested by Todd, Cousins and Lee (2007) thradxthanical relationship leg
length and preferred beat period can be investigayditting the model¥=cL, where

Y=(T/n)g

(with T being preferred beat period and g the getanal acceleration). We
regressed this to the data for leg length usekpefment 1 (which had more
variance), yielding a value of c=0.23. That isseloto about ¥4 rather than 1/3 like
the values found by Todd, Cousins and Lee (2007).

Body morphology, age, and sex are not the onlyfadhat constitute possible
candidates for influencing preferred tempo. LucklgR010) showed a relationship
between personality traits and music-induced movesyalthough their study did not
investigate preferred tempo when dancing. Othdéuenices can be stylistic
preferences as mentioned in the introduction, lertet are other parameters related to
our bodies that also have an influence on how weepee and act (e.g. arousal level,
mood, caffeine intake, heart rate etc).

Although not explicitly intended as a predictoriaéte, our measure of heart rate in
Experiment 2 did not indicate any correlation betweneasured pulse base line and
tempo. Nor did we find a relationship in the chaheart rate and preferred dance
tempo. It should be noted, however, that readiegsgiort pulse computer was not
done during dancing and the heart rate of partntgpenight have settled quickly after
dancing. Continuous monitoring of the heart ratedlghout the experiment could

well have given different results. Also, the lasalt rate reading, taken after the other
measurements and some relaxed discussion withattieipants were frequently

lower than the initial reading. This might indicalat participants reacted to the pulse
measurement and initial instructions with high aaducausing an increased pulse
baseline compared to normal.

Could long-term, or fixed, states such as body maoiqmy, or age influence our
performance more than momentary states? In taggxpgriments, McAulewt al.
(2006) have shown that production and perceptiqorefierred tempo varies with age.
In Experiment 2, age was the variable with the agjltorrelation with preferred beat
period, but not as might have been predicted foeotver all “slowing down”
reported by McAulet al. (2006). In our data, the correlation between age a
preferred tempo suggests a higher preferred dangea with increasing age. Once
again, the data need to be interpreted cautiolis/possible that the highest tempi
(around 230 bpm) found in Experiment 2 were dotitée to which the participants
really moved when dancing. Here a more reliablesmemof heart rate, indicating
whether participants actually were dancing fastj@étave been helpful. Similarly,
monitoring the dance movements by means of aceakteys or similar could be a
way to detect possible subdivisions of tempo dunagion.
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Finally, dance, seen as spontaneous movement tie,masurally includes a large
variety of movements. Here we have departed fraradsumption that a big
influence on the preferred dance tempo would barcegl as a stylized form of
“bouncing”. However, different body parts are freqtly used to mark different
rhythmical levels in the music (as seen in e.gvibmen, Luck & Thompson, 2010;
Naveda & Leman, 2009)

Obviously, the choice not to observe participanékes it impossible to judge
whether the instructions to match one movemenbpat were ignored. On the other
hand, knowing that one is observed clearly alsohzse an influence on the
spontaneous movements performed. Future studid# cogsider another approach,
involving clandestine experimental settings.
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