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ABSTRACT

Introduction: The relationship betweerogal characteristics such famdamental frequencgnd
formant frequencieandanthropometric measurements of height and weight amibregs ha
been well studied over the yeafdonetheless, the literature is not consistent as to the
significance and magnitude of theglationships In addition, the relationship between vocal
characteristics and other anthropometric measurementsaswsttength anobjective facial
measurements has yet toibeestigated

Method: Thefocus of this research is contribute to the discussion orchuelationships using
new data from one of the largest samspéedate (n=104). Vocal traits and antbpometric
measurements were collectexlaapart of the PSU ADAPT study. Voice traits were extracted
from recordings using PraaDbjective facial measurements were obtained using principle
component analysisn quasilandmarks of 3d images of the face. These traét® analyzed for
sex differences using Student’s T test and fo
correlation.

Results: A number ofstatisticallysignificantcorrelationsarefound between the vocal traits and
anthropometric measurementSharacterizations of the formant frequencies (exgrage
formant frequencyformant dispersiorand formanposition) showstronger correlationwith the
anthropometric characteristittg|an fundamental frequenay both males and femalegverage
formant frequency anafmant podion showmore significantorrelations witranthropometric
traits relating to body size (e.g., height, weight,)avhile formant dispersion showsore

significant correhtions with aspectsf the face.
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Chapter 1

Introduction

Vocal characteristics

The voice is controlledy epithelialfolds in thelarynx in conjunctiorwith supporting
muscle tissue anokgans of the respiratory system such as the mouth, lungs, and diaphragm.
Together, these parts act as a vibratory sygfdiitbol et al., 1999) The epithelialfolds and
vocal cordsact as the vibratory body oscillatoirhe lungs and diaphragm act as the power
source of the vibration, pushing the air throughbetsystem.The mouthnasal passageand
the lipsactasresonatingchambes for the vibrations This system produceasbrations, or sound
waves, whictpossess a sinusoidal wavefofumes and Bess, 2008from this waveform
many vocal characteristics traitscan be measuradcluding the fundamental and formant
frequencies.

One of the most weknown and webhstudied vocal characteristics is thmflamental
frequency (Fo). Fo describeghe lowest frequency of a resonating sound waltenes and Bess,
2008)and is quantified in terms of cycles per second or hertz (@B F measurement isnost
commonly associated withe pitch of an individual. A lowergfeorresponds to a deeper
pitchedvoice while ahigherFo measurement corrgsnds to a highepitched voice.

A p er sisgenerlly Felated to the thickness of his or her vocal cords which vibrate
and the length of his or her vodedctthrough which thse vibrations resonateMen tendto
have thicker vocal cordban women du@ partto thehigher levelof testosternewhich

activate theandrogen receptors in male lageal cartilage during pubertlitch, 1997; Humes
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and Bess, 2008)Additionally, duringadolescencanen undergo a 30% greater increase in vocal

tract lengthon averagdrom their childhood statthan women d@Jenkins, 2000\While the
averagd- values br males and females vainpm study to study hie averagd- value for adul
malesis betweeril10 and 20 Hz while average Fvalues for adult femalis between 200 and
220 Hz (Fitch and Holbrook, 1970)

Formantfrequencies on the other hand, have traditionalfferedvaluable information
aboutthe vocal tract andoice patternsespecially in vowel productionTheformant
frequencies have beeescribedasthe resonant frequenciestbe supralaryngeal vocal tract
(Gonzélez, 2004)These resonant frequencies correspond to various haxsnoninteger
multiples of the fundamental frequency.

In relation to vowel productiorthe change in location and amplitude of the formant
frequenciegprovides information to a listenesboutwhich vowel is bang spoken(Humes and
Bess, 2008) In general, the formant frequencies decrease as the length of the vocal tract
increases and as the lips royfidze, 1994) Additionally, the individual formant frequencies
may be increased and decreased with constrictions and manipulations of the mouth, pharynx, and
jaw (Titze, 1994) Thereforethere might be sex differencen formant frequencies due to
differences in vocal tract length between males and fem&leseoverthere is likely to be
variation among individuals due to variation in facial shapegons around the mouth, lips and
jaw.

In a typical human voice, there are four formant frequencie$>H=, and k. Using
theseformants threenew vocalvariablesgiving can becalculatedo demonstrate the structure of
the formants. Thedéree variables araveragdormant frequency ({, formant dispersion (D,

and formant position ¢ Average formant frequency is simply the average of the variou
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formants(Pisanski et al., 2014)ormant dispersiors the average distance between adjacent

pairs of formants(Fitch, 1997) Formant psition, on thke other hands the average standardized
formant value for the firgh formants where formants are standardized usingaore
standardizatior{Puts et al., 2012)Formulae forFn, Ds, and R can be found in AppendiX.
Relationshipwith anthropometric measurements

The 1970snarked the stadf a wealth of studies investigating the associatiomoofy
sizetraits such as height and weight withcal traits such assF While some studies have
investigated simple, objective correlations beteyn  a n i npdnd kig od heraheightsandF
weight(e.g.,Lass and Brown 1978; Kunzel 1989; Graddol, David, Swann 18&8)y of these
studesfocs ed on t he i de ntheifjhtandweighi mased érh aas tsepreeark’esr ' s
perception othes p e a koee (Lass et al 197%an Dommelen and Moxness 1993 few
studiesaddressed the potential @fts that environmental factagach asage and smoking
behaviomay have on the vocal traits.(.,Hollien, H. Shipp, 1972; Sorensen and Horii, 1982)

The majorityof thesestudies reported nsignificantcorrelationsbetween kandheight
and weighfLass and Brown, 1978; Kunzel, 198%8ome more recent studies) the other
hard, hawe shown significant correlatiof@tweerbody size and formant measurementsabd
Pr, (Puts et al., 2012)Interestingly, aecent metanalysishasprovidedevidencewnhich
opposeshe lack of correlations withofand suppogthe correlations with Pand R. This
analysiscombining data from over 15 studiesind significant associations betweeyaRd
height in both males and females and betwesmB weight in females in addition to significant
associations between botlk &d R andheight and weight in males and femglegsanski et al.,
2014) The magnitude of thesmrrelationas modestat best which may suggest a small effect of

height and weighdn voice pitch



Sociccultural and evolutionary implications

Within the past 15 yearsanyresearcherbave shifted their focus away frastudying
the relationship of voice and anthropometricasigesand have begun to investigate the
evolutionary and soctoultural importance of the human voic€his research extends from
some of the early hypothesesdeby JohnOhalawhich predicted that vocal frequencies acted
as an amplification or accomparent of signals conveyed by the body and f@eala, 1984)
Among the new questions being addressethow traits such as attractiveness and donaaa
might beperceived through the voice, how reproductive and/or mating sucslaseswith vocal
traits, and how hormone levels correlate with vacaits Additionally, thisresearchas
widenredits scopeof questiongo include individual formant frequenciescatine relationship
between these frequencies (i.er, Br, andFy) as vocal traits in addition tawF

In particular,voice pitchand variation in voice pitch hawaso been linked witmating
andreproductive success several studiesin the Hadza huer-gatherpopulationmaleswith a
lower Fy tended to have greater access to feftilealesand produce morehildren(Apicella et
al., 2007) In addition, in astudy of college aged studentsaleswith a more monotone voice
judged by the withirsubject standard deviatiai the o (Fo-std), tended to have more sexual
partners in the previous ye@todgesSimeon et al., 2011)Moreover a number of studidsave
demonstrated th&b has asignificantnegativecorrelationwith testosterone imales, but noin
femaleg(Evans et al., 2008; Feinberg et al., 2008; Apicella and Feinberg, 2009; Puts et al.,
2012) From these findings, it has besumggestedhat Fy could act as a signal of hormonal
gualitiesandor immunocompetencepplicable taa f e mreate ehbickEvans et al., 2008;

Apicella and Feinberg, 2009)
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More data available on amdore definitive conclusions about the relationships between

the human voice and anthropometric chamastics of body size can only hdlgrther elucidate
the sociecultural and evolutionary reasodsving variation in vocal characteristics.
Facial Characteristics

Normal craniofacial variatiors considered highly heritablédowever, this heritabilitys
notwell understood from a biological perspectivedeed, there are notable sex differences in
many aspects of the human skidlers, 2011) In general, male skulls are largeith shaper
featureswhile female skulls are smallerith more gracildeatures Specific aspects of the skull
thatvary between sexes include the browridge and the chale bkulls tend to have larger
browridges while female skultend tohave smalbr indistinguishabl®rowridges. Male chirs
tend to be broad whileemale chindend to bemore pointed. While a suite of genes and
hormones arsuspected to influence sex differences and normal variatithe cranialittle is
knownregarding which genes specificallgive thisvariationand the mechanisms through
whichthese genesct

In otherspeciessuch asome bir@ and dog, the genetic basis afaniofacial variation

has been moractively investigatedl n Dar wi n’ s f iGeaspizy beplevariaters ( g e n
has been linked to mutations in tBep(bone morphogenetic protein) family of genes

(Abzhanov et al., 2004)The importance of thBmpgene family holds truenicertain dog breeds

as well. In these breedsutations in thdmp3 genehave been linked teariation in rostrum

length and arlg, palate and zygomatic arch width, and the depth of the neurocranium

(Schoenebeck et al. 2012).

Until this point, most studies addressing human craniofacial variation have been focused

on craniofacial dysmorphologies.or examplea mutation in thégfr2c gene has been linked to
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Crouzon syndrome in which bones of the skull fuse premat(iviytinezAbadias et al., 20123)

However, some research on normal craniofacial varigthatwhich does not result from
pathology has suggested that high levels of salivary testosterone may be correlated with
perceived facial masculiniffPentorVoak and Chen, 2004)in addition,a recent studysing
monozygotic and diygotic twins suggesthat the as much as 49% of tis¢al variation in faal
masculinity in both males and females may be due to additive genetic @ffsetst al., 2013)

The genetic basis of facial variation in humans has bemeedfurtherby recent
genetic asociation studies. One sustiady identified five genetic influencingormal facial
variation in Europeani.iu et al., 2012) Another study propose2D autosomal geness
candidate geneaffecing for variationin certain regions of the facgefined by spatially dense
guastlandmarks on 3d imagé€€laes et al., 2014)Among theegenesverethe protein coding
genesSc35dl, Fgfrl, andLrp6. Using ths typeof methoalogy could expeditanalyse®f the
relationship between regions of the face and the voice and/or other anthropometric
measurements.
Project Aims

Theaimsof thisprojectare to investigate the levels of sexual dimorphism in voice, body
size, and the face amdreproducedhe findings of previous studies of fundamental frequency and
formant patterng relation toanthropometridraits like height and wght. | predict that sexual
dimorphism will be apparent in all traits and that batlaid formant measur¢Bn, Dr, and F)
will have significant correlations with anthropometric measures of body Aaditionally, |
will seekto explorerelationshipsetwesnvocal claracteristics anthcial morphology In this
preliminary exploration, | expect that some abtraits and facial aspeatslated to mouth and

nosewill have significant correlations.
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In investigating the association between vocal and physical traidl, laypothesis of no

correlationbetween vocal and physical traits and an alteredttypothais of a significant
correlationbetween vocal and physical traits are being considered.

This represents the masttensivesinglestudy of its kindo datein terms of sample size
and number of traits considereth addition to contributing to théiscussion on how vocal traits
and anthropometric measuresbhofly sizeare related his project lag the foundation for future
biological and morphometric studies to refine the potential relationships ofiebjexasures of
the voice and face. It aldays the foundation fdiuture perception studies to further elucidate
some of the potential sociologicahd evolutionaryamifications of the associations between

vocal characteristics and anthropometric measurements of the face and body.



Chapter 2

Methods

Data Collection

The data for this project was collected as a part of Amthropometrics, DNA, and the
Appearance, and Perceptions of Tra(B8DAPT) study led by Professor Mark Shrivegrthe
Pennsylvania State UniversityPaticipants over the age of 18 in the ADAPT study were
recruitedfrom the University andhe State College ar@ad informed consent was obtained from
each participant before sampling occurfi®B approved study44929. The data pertaining to
the voice recording®d facial imagesheight, sitting height, weighhand strengthifoot length
age, and selfeported ancestnyereusedin this project.
Voice Recordings
Voice recording were collected usirng Roland (Los Ageles, CAEdirol R-09HR
recorder ané measurememnnicrophone in a MON@nputsetting at an input level of #ith
high microphone gainThe recordings were taken irbaothequipped with soundproof foaim
an isolated roorof the laboratorysee Figuré1 for a picture of the setp). The recording
itself consistedof he date, the partici paonbérsltlsoeghltand st
a list of elongated vowel soundwoyds and t he fir st rgnaowpassageph of F
(AppendixB; Fairbanks, 1960)Specifically br the vowel sound section, participants were
asked to elongate the vowel souimds series of short wordsr 2 to 3 seconds longer than
normal to facilitate the measurement of formant points in the recordingavEnegedurationof

the recording was min and19 sec. The recordings were saved as a .WAYV diEnoting their
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sex (M/F) and theistudy ID number (i.e., M14XXXXto facilitate the organization and analysis

of the files.

Before reading the passage, apants were asked questions abouirteoking history
and behaviqgrtheir use of medications theuld alter their voice pitche(., testosterone
supplements), and tineurrent state of health (e,ghyroid conditioncold, congestion, hoarse
voice, etc.). Birth control was noincludedas a medication thabuldalter voice pitchas
previous studies have shown no such associatiResd Thompson, 1995; Abaza et al., 2007)

Participants who responded that they were a current smoker, taking medication that could
alter their voice, or sick with a condition affecting the vaiare not included in the final
analyses in order toelp attenuatsome environmental factors whicbud alter their natural
voice. For example, individuals who said they smoked cigarettes were excluded from the final
analysesinceprevious studies have shown tphabple who smokeigaretts tend to havdéower
than averagefmeasurement&Sorensn and Horii, 1982)potentially due tdhickening of the
surface epitheliuniRyan et al., 1955nd the basal cell layéAuerbach et al., T8)among
otheralterations Unfortunately the questions concerning smoking history and medication use
were not asked in the first half of the sampling collectisthese variables wer@ot originally
considered in the sampling proce3$us some of the samples included in this analysis could be
from participants currently smoking or taking medication

Additionally, some participants were excluded from the final analyses if they were not
judged to be a native or proficient speaker of Englihis was determined by answers to the
pre-enrollment survey concerning the location in which the participant spent a majority of his or
her life before the age of 18. If the answer to these questions were an English speaking country,

the participant waiincluded in the final analysis. If no answer was provided for these questions,
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a decision was made by listening to their recording and judging their proficiency. This was done

as previous studies have shown thifferent languages use different vopakternge.g.,
distribution and frequency abnality, nasalization, voiced/unvoiced®hala 1983)

Moreower, in order to minimize the environmental effects of age on the vocal and
anthropometric traits, participants over the age of 40 were removed from this ddteceter
to conduct a proper investigation of the effects of age on all these traits thithgample, a
more evenlyagedistributed sample would have been necessary.

In total, approximatel\t50 participantsvere excluded from the final resutithe voice
analysedo arrive at the final sample size g014(Table 7)

3D Facial Images

3dfacial images were collected using the 3di#dlanta, GA Trio camera and the
3dMD acquisition program. Participants were asked to remove all earrings, glasses, and facial
jewelry. Men were required to be clesimaven and women weaskedo refrain fran using
heavy makeup so a not to distorthe 3d imageIn addition, headbands and hair ties were used
as necessary to pull back hair that covered any part of the face in order to expose the entire
hairline. The participantvaspositioned so thdtis/her face was centeredah three of the
camera windowslmages were immediately checked by the research staff to ensure images were
not distorted. If distorted, another photo was taken. The composites werexported from
the3dMD proprietaryTSB format into a standard OBJ fortrfar analyses.

Anthropometric Measurements

The standing heigland sitting heighof each participant was collectading a
stadiometer.The weight of each participant was measured using a T@mltagton Heights,

IL) scale. For the standing height and weight measurements, participants were asked to remove
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their shoes and any heavy items (gwpllets, cell phones, watchdsefore measurements were

taken.

Hand strength of both the left and right hand was measunegl agAMAR
(Bolingbrook, IL)Hydraulic Hand Dynamometer. Participants were instructed to sit with their
bicep against their side with their elbow flexed at a 90 degree angle and to squeeze the device
three times as hard as theguld The highest readgof the three trials was recordiea each
hand The final hand strength measurement that was used was the average acroskahdswo
SelfReported Information

Seltrepored demographic information (e.@ge, seleported ancestry, handedness,
birth city, etc.) and some anthropometric data (e.g., shoe sizegsupplied by each participant
through an online survey completeefore their arrival to a sampling sessidrhis information
helpedbetter categorize participants and ascertain some environmental factors that could

influenae the data.

Data Analysis

Voice Recordings

The voice files were edited as needed in Praat to remove loud background noises (e.qg.,
bangs cell plones, other peoplalking) and/or to fix speaking errors of the participants (e.g., the
participant laughing, asking questions during the recording, rg#cénpassage out of orfler
The goals of these edits were to remove any sounds not of the speaker that mightrhave bee
analyzed by Praat for pitch and to keep the contents of the recordings consistent for all the

participants.The files were then analyzed fos, Fo-std, and1-F4 usingautomatedcripts
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writtenin Praat s ¢ o d i n @ppéndibnBy &naly, and Pwere then calculated from these

measurements. Formulae for these measurements can be found in Appendix

Modi fications wer e

mad e

in order to compeiage for a low thrumming noise anany ofthe recoreéhgs due to either

laboratory machinery/equipment runniimgthe adjacent room and/tire proximit/ of the

microphone and the voice recorddihis low thrumming noise seemed to cause Praat to

misidentify periods in the sound waves (i.e., double counting cydieh produce a F twice

(BaersrRaradadHeuves, 2@01)a nd a r

that of thenormal range), to determimétch for unvoiced fricatiesand other aperiodic sounds

(i .e, f ortheWwdrdf i ¥y @y n d tthaewordt churnede , i

m n dhe Ward

sound

looks), ando allow unnatural octavgimps. In some cases, for example, Praat reported F

values in the 400 Hz and 500 Hz range which are outsideotineal speakingange of  values

for adulthumans.The modifications were chosen on a trial and error lfasisles 1 and 2)

Table 1: Pitch setting manipulations fa male-specific automated Praat scripts

. . Male

Pitch Setting 1 5 3
AC/CC CC CcC CC

Pitch Floor 75 75 75
Pitch Ceiling 300 200 300
Voicing Threshold 0.45 0.45 0.6
Octave JumyLCost 0.35 0.9 0.7
Voiced/Unvoiced Threshold 0.14 0.14 0.3
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Table 2: Pitch setting manipulations for femalespecific automated Praat scripts

, . Female

Pitch Setting 1 > 3 2 5 6 7
AC/CC CcC CcC CC AC CcC AC CC
Pitch Floor 100 100 100 150 150 150 150
Pitch Ceiling 500 350 500 400 400 400 350
Voicing Threshold 0.45 045 0.6 0.6 06 045 0.6
Octave JumyLCost 0.35 0.9 0.7 0.7 0.7 035 0.7
Voiced/Unvoiced 14 44 03 03 03 014 03

Threshold

In order to determine which modifications most accurately measyyéerscript

outputs formeanFo were compared tgold standard doutputs. The gold standard was

established by counting cycles of wavefstoy visual inspection in Prdats

edi t and wi

then multiplying the number of cycles by tineerse of the time duration of the chosen segment

of the recording Nine male recordings and fifteé@male recordings were randomly chogen

an attempt to encompathe entirety of fdistribution For male recording&encycles and for

females recordings, twentyy c | e s

wi t hi

n

t

he

wor d

sunshi

determine the gold standared (@ata not shown)While the first gold standard attempt

successfully eliminated certain analysis settings, several of the analysis seguigsl in

recordingswith FO measurements whicdhowedequallyhigh correlationsvith the gold standard

Fo(Tables 3 and 4)

Table 3: Correlation of 10 cycle gold standard FO measurements with automated
Praat script FO measurenents for males using® e a r s maubt snongent correlation

coefficient (r) values

Male Analysis Setting r p
1 0.9941 <0.0001
2 0.9941 <0.0001
3 0.9941 <0.0001
4 0.74503 0.0213

ndov

ne”



Table 4: Correlation of 20 cycle gold standard FO measurements witautomated

Praat script FO measuremeh s f or
coefficient (r) values

f e mal e sroducemomentcdrelations on 6 s

FemaleAnalysis Setting r p
1 0.24145 0.3505
2 0.55381 0.0260
3 0.55262 0.0326
4 0.99843 <0.0001
5 0.99880 <0.0001
6 0.74617 0.0009
7 0.99880 <0.0001

Therefore, ¢ further determine which measurement west accuratea second gold

standard was createding the average skventeemeasurements at various points in the

14

recording. These measurementgre taken from sounds of smwels, andelevenwordsfrom

therecordingsn order tosample a diverse selection of sousdeken by the padipant. The

average of these seventdermeasirements wathen compared to threeanFo, measurementsf

the automated Praat script averaged adtwsentirety of theecording(data not shown)Only

the threemost highly correlated scripts were used in this second analysis. A difference between

the scripts was noted this timeg@les 5 and 6). Thé%3nale setting and thé"female setting

both had the highest correlation for their respective datasets and were used to analyze the entire

dataset as a result.

Table 5: Correlation of average gold standard FO measurements with avage

aut omated Praat script FO me a praduc mosmant s
correlation coefficient (r) values
Male Analysis Setting r p
1 0.99391 <0.0001
2 0.98541 <0.0001
3 0.99589 <0.0001

f
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Table 6: Correlation of average gold standard FO measurements with average
aut omated Praat script FO measprodecomomdans f or f e
correlation coefficient (r) values

FemaleAnalysis Setting r p
4 0.85175 0.0036
5 0.88750 0.0014
7 0.98669 <0.0001

3D Facial Images

The 3d facial images weseancleaned in 3D Patient software in order to remove
extraneous parts of the image, such as the hair, ears, and any abnormalities created by the
camera, and to reposition the face for aredyBigureA2). Theplacement o7000+landmarls
and quasilandmarke a meshandthe subsequenmnodeling of the 3D facial images scovesre
performed as describedly Claeset al.(2014). Principle component analysis (PCA), a data
reduction techniqut consolidate interrelated variables was performed 8tuilio(v. 3.1.])
statistical software. More information regarding PCA may be fouddlliife, 2002

In order to visualize the effects of the PCs, heat maps\&nPCs two of which had
significant correlations withdn both sexes, two of which had significant correlations witimD
both sexes, and three of which had correlations passing a Bonferroni corrected significance level,
were generated ithe MATLAB software Three different heat maper PC (kgures 27) were
generated to show the effect of the PCdame shape change parameters (FSCP) sucbrasl
displacement, curvature difference, and area difference in thagatene in Claest al.(2014)
The effects shown in these heat maps apply to both malesmiatet.

For the heat maps normal displacemenpointsshaded in rethdicatethatthey are
moving outwardg$rom the plane that is tangential to the surface at that jfraimtthe negative to

positiveendvalues of the P@xis. Poin$ shaded in yellodollow the same trend asdipoints
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in red except at a lowenagnitude Thepointsshaded in bluendicatethat the face isnoving

inwardto the plangangenially at that point from negative to positive end of the PC.aXlse

areas shaded in gredrowever,show no significant difference between values of the H¥Os.

the curvature difference, tipints inredare more convewhile thepoints inblueare more

concavedrom the negative to positive end of the PC asr the area difference, tpeints in

redshowan increase isurfaceareawhile thepoints inblueshowa decrease in theurfacearea
Transformations of a consensus face representing the extreme ends of each PC axis are provided
in order to help demonstrate the effects of the PQgI(ES A4AT)

Anthropometric Measurements

Standing height, sitting height, weight, and hand strength measurements \eateral
into aMicrosoft ExcelspreadsheetFoot length(cm)was calculated from the se#ported shoe
size byusing a shoe size conversion guide (Fighg. All shoe sizes were assumed to be
American sizes unless otherwise noted.

Statistical Analyses
The majority of the tatistical analyses were conducted using $AS.4). Correlations
were conducted betweédhe vocal characteristics and anthropometric measurements using

P e a r rodact momentorrelationcoefficient (r)and a pairwise deletion method St udent ' ¢
t-test for differencef means for independent samples was performed for each of the vocal and
anthropometric traits.

Due to the number of comparisons being made, a Bonferroni corrémtiomltiple

comparisons wasnplemented to further determine the significance of the correlations and

means differenceslhe total number of tests used was,ldiicompassing all vocal trait,
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ant hropometric trait, and face PCs. The Bonf

thetraditiona | @W0%Hy the number oftestg =116) r es ul &:i=0.¢004 n an «a
In total, there wer&,014 subjectsin the sample SeeTable 7 for a demographic

breakdown of the sample. For some of the statistical tests vikeegewer than the total number

of subjects as participants were given the option to refrain from giving certain measurements,

some otthe anthropometric measurements were not collected at every sampling session, and

some of the measurements were incorrectly taken.

Table 7: Sample summary statistics of participants included in this study

Demographic Information

Sex
Males (n, %) 372 (36.690)
Females (n, %) 642 (63.31%)
Age
Mean (Std)
Males 21.17 (3.31)
Females 20.75 (3.04)
Range 18-40
SelfReported Ancestry
European 714
African American 134
Ot her .. 156

Unknown 10
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Chapter 3

Results

Trait Averages

Averagesand standard deviatiofgr each of the traits measured can be fouriChinles
Al and A2 The mean fvalue for males i409.71 Hz (standard deviation: 13.89 range: [79.88,
163.31]) while the female mean ¥alue is199.07 Hz (standard deviation: 18.97; range: [158.44,
271.19]). These meandmeasurements astightly lower than the averages presented in the
introduction(reported by other research groupgj not outside the range of previously reported
Fo valuescompiledin Pisanski et al. (2014). Overall, the datdtfardemonstratethat b is a
sexually dimorphictraitt( = 79. 47, p < 5.89)itevery little Qverlape e’ s d

distribution of b valuesis presentetbelow inFigure 1.
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Figure 1. Histogram of male and female FO values
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While R is the most sexually dimorphic of all the vocal characteristics examined, many

of the dher characteristicarealsosexually dimorphic (se€able Al). The only traivhich
doesnot appeasexually dimorplc isP-(t=-0. 04, p = 0=-.09024) FcCalbtken’ s d
vocal traits, the intersex means differenaessignificart with a large effect sizg < 0.0001 for
all, C¢tvaars)s d

All of the anthropmetric traits investigated aadso sexually dimorphic with the
exceptionof BMI(t=0. 65, p = 0. 52 Weidghip dittoungh lsavind) a statifically 4 ) .
significant tvalue (t =-11.63, p <0.0001), has one of tbevest effect sizes of all theaits
(Co h e n ’0s76).dFor=all other anthropometric traits, the intersex means differarees
significantand effect sizes are lareg< 0.000 , Co h e n-2.26]; ske Able A2).5 6

After performing a Bonferroni correction for multiple comparis@ms 116) all traits
whichwerepr evi ously statistically significant at
Bonf err ondeve@O004st ed «a

Many of the face PCs also exhibitsidnificant levelof sexual dimorphism @ble A3).

50 of the 100 P& have statistically significant mean differenaethe 0.05 significance level,

(CohermM131.13]): [After a Bonferroni correction (a

statistically different from zero in only 26 of the 100 PCs, a reductiod . @ hen’ s d
values for thes26 PCs range from 0.24 to 1.13.
Overall , mean Goide &aits, anthropometrit measuresf obbiody size,

and face PCwere significantly different from each other based on a Tukey mean comparison at

a = 0.05.
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Table8: Average Cohen's d value for the trait

Trait Set Average |
Vocalt 3.10
Body Size Anthropometric 1.93
Face PCs 0.29

1 excludes P
2 excludes BMI
3 see table A3 for the lisbf 50 PCs which pass the significance clff

Correlations between vocal traits and lody size traits

A number of significantorrelationsarefoundbetween vocal traits and body size traits
(seeTables A3AG6 for a full list of correlations) In particuér, Fo has a significantorrelation
with height(r =-0.14, p < 0.01putthe correlation with sitting height justissed the cutoff for
significance (r =0.10, p =0.0905) in males In females, Fhas asignificant correlabn with
height(r =-0.14., p < 0.001and weigh{r =-0.09, p <0.05). Fo-Stdonly has asignificant
correlaton with hand strength in males (r-8.12, p < 0.05).

Themajority individual formantsFi-F4, havesignificantcorrelatonswith the individual
traits (see Tables A4A7). The correlations of the variables combining all of these fornamats
analyzed here more closely ltas asignificant correlabn with height ¢ =-0.15, p < 0.01)
weight(r =-0.16, p <0.01)and sitting heighfr =-0.15, p <0.05)n males and weight =-0.20,
p < 0.0001)n females.F, and R havesignificant correlabnsof similar magnitudesvith all of
the anthropometric traiia both males and femalemany of which had thieighest magnitudes
thanany other correlation. df examplejn malesthe correlatiormagnitudedbetweerF, and
and heightfn: r =-0.27, p <0.0001; #-0.29, p <0.0001xreabout doublg¢he correlation
magnitude betweengand height (r =0.14, p < 0.01). In females, the correlation magnitudes

between i and R and weight (kr =-0.31, p < 0.0001;r =-0.32, p < 0.0001) are more than
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triple the correlation magnitude betweeraRd weight (r =0.09, p < 0.05). Overall, the

correlations with the highest magnitude between Fand F and foot length in males
(Fn: r=-0.29, p < 0.0001;r =-0.30, p < 0.0001) and betweendnd R and weight in females
(Fn: r =-0.31, p < 0.0001;®r =-0.32, p < 0.0001).

Overall, these new finding#o not replicatéhe results of many previossudiegLass
and Brown 1978Graddol, David, Swann 1983; Kunzel 1989)hey do, howevegupport the
relationships determined by Pisanekal! eecent metanalysis (2014). The only major
differencebetween the two is that this datat shows a significant gelation between Fand
heightin femaleswhile the metaanalysis did not The rest of the correlations are similar both in
tems of magriude and direction @bles 9 and 10).

Table 9: Comparison of height vs. vocal trait correlations between the ADAPT
study and the Pisansket al. meta-analysis

ADAPT Study Pisanski et al. (2014)

Height vs. Male Female Male Female
r p-value r p-value "I p-value [ p-value
Fo (Hz) -0.14 0.01 -0.15 <0.01 -0.14 0.01 -0.07 0.06
F1(Hz) -0.11 0.03 -0.14 <0.01 -0.13 0.01 -0.04 0.29
F2(Hz) -0.23 <0.0001 -0.01 0.71 -0.22 <0.001 -0.19 <0.001
Fs(Hz) -0.19 <0.01 -0.07 0.09 -0.26 <0.001 -0.22 <0.001
Fa(Hz) -0.20 <0.0001 -0.04 0.31 -0.30 <0.001 -0.25 <0.001
Fn (Hz) -0.27 <0.0001 -0.07 0.09 -0.31 <0.001 -0.22 <0.001
Dt (Hz) -0.15 <0.01 -0.03 0.52 -0.18 <0.001 -0.24 <0.001
Pt (Hz) -0.29 <0.0001 -0.18 <0.0001 -0.29 <0.001 -0.21 <0.001
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Table 10: Comparison of weight vs. vocal trait correlations between the ADAPT
study and the Pisansket al. meta-analysis

ADAPT Study Pisanski et al. 2014

Weight vs. Male Female Male Female
r p-value r p-value "Il p-value "I p-value
Fo (HZz) -0.03 062 -0.09 0.02 -003 03 -0.14 <0.001
F1(Hz) -0.13 0.01 -0.16 <0.0001 -0.15 0.01 -0.08 0.06

F2(Hz) -0.13 0.01 -0.13 <0.01 -0.09 0.12 -0.22 <0.001
Fs(Hz) -0.11 0.04 -0.10 0.01 -0.18 <0.01 -0.16 <0.001
Fa(Hz) -0.22 <0.0001 -0.19 <0.0001 -0.15 0.01 -0.24 <0.001
Fn(Hz) -0.23 <0.0001 -0.18 <0.0001 -0.22 <0.001 -0.23 <0.001
Dt (Hz) -0.16 <0.01 -0.20 <0.0001 -0.10 0.02 -0.21 <0.001
Pt (Hz) -0.23 <0.0001 -0.32 <0.0001 -0.25 <0.001 -0.22 <0.001

Correlations between vocal traits and aspects of fascial shape

Additionally, a numbeof significant correlations afeund between the vocal traits and
the 100 face PCseeTables 12 and 13 for a short list of significant correlatidiadiles A8 and
A9 for a full list of significant correlations)The magniide of these correlations randesm
0.10 to 0.20 in males and from 0.@80.18 in females. The diction of the correlation varies
from comparison to compariso@verall D showsthe most significant correians with the face
PCsin both malesr{ =18 with p < 0.05) and females € 28 with p < 0.05). Eshowsthe
fewest significant correlations in both malesyéh p < 0.05 while Fo-stdshowsthe fewest in
females(n =11 with p <0.05. However, k did show the highest average correlatagnitude
with the face PCs in mal¢€E 0.157, st. dev. 0.04%)hile F, shows the highest average
correlation magnitude in femalege 0.123, st. dev. = 0.0293) with &ose as well@& 0.121,

st. dev = 0.029/7 See Table 11 for a complete table of average r values.
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Table 11: Average r value for the correlations between the PCs and vocal traits in
both males and females

Fo Fo-Std Fn D Ps
Mean Std. Mean Std. Mean Std. Mean Std. Mean Std.

Sex

Males 0.157 0.045 0.126 0.0131 0.124 0.0143 0.130 0.0263 0.120 0.009
Females 0.106 0.021 0.093 0.0127 0.123 0.0293 0.115 0.0246 0.121 0.0297

In both males and females, PCs 4 andrkEboth significantlycorrelatedvith Fo (males:
PC 4For=-0.16, p < 0.01PC1XFor = 0.20, p <0.001; females: P&4r =-0.12, p <0.01;
PC1tFor=0.13, p < 0.001)PCs 75 and 91 atmth significantlycorrelatedwith tonicity in
both sexegmales: PC 78¢-stdev r =0.11, p < 0.05PC 91Fo-Stdr =-0.14, p <0.01, females:

PC 75Fo-Stdr =-0.09 p <0.05 PC 91Fo-Stdr = 0.09 p <0.05).

While no PCs arsignificantly correlated with fn both sexes, three PCs (PCs 8, 10, and

59) aresignificantly correlated with fand one PC (PC 28) ssgnificantly correlated with P
(males: PC & r=-0.14, p < 0.01PC 10Df r =-0.14 p <0.01, PC 59D r =0.14 p <0.03,
PC 28Psr =-0.13 p <0.05; females: PC®s r =-0.1, p <0.01, PC 16D r =0.15 p <0.00],

PC 59D;r =-0.11 p <0.01 PC 28P(r =-0.11 p <0.0J).

Table 12 Select gynificant correlation between PCs and kand Fo-std in both sexes

Fo Fo-Std
Males Females Males Females
r p r p R P r p
PC4 -0.16 <0.01 -0.12 <0.01 -0.12 <0.05
PC11 0.20 <0.001 0.13 <0.0001
PC75 -0.11 <0.05 -0.09 <0.05
PC91 -0.14 <0.01 0.09 <0.05
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Table 13: Select gynificant correlation between PCs and k, Dr, and R in both sexes

Fn Df Pf
Males Females Males Females Males Females
R p r p r p r P r p r p
P8C -0.13 <0.001 0.14 <0.01 -0.10 <0.01 -0.13 <0.01
PC
10 -0.11 <0.05 -0.14 <0.01 0.15 <0.001
PC
o8 -0.13 <0.01 -0.15 <0.001 -0.13 <0.05 -0.11 <0.01
PC
-0.22 <0.0001
30
PC
31 0.18 <0.0001 0.14 <0.001 0.17 <0.0001
PC
0.19 <0.0001
32
PC
0.14 <0.01 -0.11 <0.01
59

Using heat maps to take a closer look at whispect®of the face correlate with certain
vocal traits, it becomes clear that many of the PCs dealasjibcts of théaceinvolving the
lips, thechin, the philtrum(depression in middle area between upper lip and nibsehares
(nostrils)and nasal bridge, and the maxilM/hile these PCs also deal with regions of the face
such as the orbits and forehead, the mageibfthe FSCPs in these regiomsll not be
examined here as these regions of the face are most likely not associated with the vibratory
system of voice production described in the introduction.

Looking at the heat map &C 4 (kgure 2),for example, it is possible to see that PC 4,
which has a significant negative correlation withirFboth males and femalesffects areas
around the lipsghin, and nasal bridge with regarttsdisplacement. These colored regions of
the heat maphowthatthe chin and lowr lips comeout from the planevhile the nasal bridge,

nares andparts of the maxillary region go towards the planeThere aralso slight curvature
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differences in which the philtrum is more concaM®reover strong area differecesare visible

in the philtrum and lips suggesting a larger surface area in these regions.

The negative correlation between PC 4 agduggestthat individuals with @reaterFo
have more outward projecting chins and more inward projecting nasgébiiid addition to a
greater surface area in the area oflith& chin, and philtrum. Individuals with a loweg Would
have the oppositemore inward projecting chins, more outward projecting nasal bridges in

addition to reduced surface area in ths,lighin and philtrum.
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Figure 2: Heat maps for PC 4.
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Additionally, PC 11 (kgure 3), which has a significant positive correlation in both males

and femalesalso shows an inward displacement of the nare$igs)dandan outward
displacement of the chito an extent There is also krgeeffectupon curvatureshowing
higherconvexityin the philtrum. In addition, there averylargeareadifferences in the chin
and maxillary regions suggesting larger surface ardeesetregionas well & smaller area
differences in the nares and philtrgenggesting less surface area in these regions.

The positive correlation between PC 11 anduggests a similar trend in that individuals
with a greater Fwould havean inward prgecting nasal bridge and outward projecting nares in
addition to an increase surface area in the philtrum and nares and a decrease in surface area in the
maxillary region. Individuals with a lowerould have more inward projecting nares and lips
in addtion to an increase surface are in the maxillary region and chin and a decrease in surface

area of the nares and philtrum.

- Te ot
~

Normal Displacement Curvature Differences Area Differences

Figure 3: Heat maps for PC 11
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PC 8 (kgure 4), which has a significant negative correlation withd3 slight signals in

displacement with the maxilla, nasal bridge, ahoh. These signalsuggest an outwar
displacement from the plane in these aaata slightinward displacement from th@ane in the
lips. In curvature differences, the philtrueppears to be more convex while the lateral edges of
the lips appear more concavEhere are more notable differences in area, however, in the lips,
maxilla, and nasal bridga area displacement suggestingraerease in surface area in these
aspects

The negative correlation here suggests that indiveduisth greater Phave a more
outward projecting nose, maxillary region, and chin, in addition to an increase in surface area in

the nasal bridge, maxillary region, and lips.
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Figure 4: Heat maps for PC 8
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PC 10(Figure 5) which has a positive correlatiovith Dr in females but a negative

correlation in males has strong signal®ofwarddisplacemenaround the chin, upper lip, and

mandibular region and of inward displacemierthe lower lip There are alsaveaker signals of

outward displacement in the tip of the nose and inward displacement just above the upper lip.

Additionally, thereare some awature dfferences with théips and philtrunmbeing more convex.

Area differencesuggest less surface area in the lips but greater surface area in the chin and tip

of the nose.

The difference in direction of the correlations seen in males and femaleehehese
traits suggest that they will see opposite patteMaleswith greater Phavemore outward
projecting nosg chirs, and javg with an increase in surface area in the nose and chin and a

decrease in surface area in the lips and philtrum. Iesmshow the opposite pattern.

-

- J—
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Normal Displacement Curvature Differences Area Differences
Figure 5: Heat maps for PC 10
After Bonferroni correction for multiple comparisohsa = Qonly &févdof) these

correlations remained significanthese correlations were betweemadd PC 30 in males and

betweerF,and Rand PC 3l1lan®:and PC 32n females
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In males,PC 30(Figure 6) which has aegative correlation with Dhas strong signals
of inward displacemenin the lips and nares in addition outward displacenretiienasal bridge
and parts of the jawA strong curvature difference suggesting convexity in the philtrum is also
apparent. Little area differenteseen in the face withis PCexcept forsmallincreases in
surface area around the lips dajerdecreas in surface area in a small portion of the chin.
The negative correlation between these traits suggests that males with greateldD
have a more outward projecting nose and chin and more inward projecting lips as similarly

suggested by PCs 8 and 10.

Normal Displacement Curvature Differences Area Differences

Figure 6: Heat maps for PC 30
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PC 31(Figure 7) which has significant positive correlations with bograRdPs in

females has very strong signaldgrofard displacement in the lips with weaker signals in the
maxillary regionsand nares. Additionally, there atong signals of outward displacement in
the nasal bridge and chin. The philtrum and part of the chin appear to be more convex while the
areas laterdb the lips appear to be more concave. There areifgg of areaifference in the
face with this PC except for weak signals suggestirger surface area in regiolaeralto the
lips and surrounding the nasal bridge.

These positive correlations suggest that females with greaaediP: would have more
outward pojecting lips and maxillary regions and more inward projecting nasal bridges and
chins. While few differences imrea areseen heregfemales with greatemiand P show a slight

decrease in the surface are of the regions surrounding the nasal bridige lgrsl

v v -
L )

Normal Displacement Curvature Differences Area Differences

Figure 7: Heat maps for PC 31
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PC 32(Figure 8) which has a positive correlation withib females shows strong

signals of outward displacement in the nasal bratgemandibularegionsin addition tostrong
signals of inward displacement in the areas surrounding the lipsaaesl nn curvature, there
are smallesignalsof convexity in the nares and lower lj@gd concavity in the regions lateral
of the lips. In area differee, there are stronggeals suggestingreater surface area in the
region of the nsal bridge, nares, arthin, while there are signs of lesssurface area in the lips.

The positive correlation between PC 32 anth&e suggests that femaleih a greater
Dr would have a mee inward projecting nose, chin, and jaw in addition to more outward

projecting lips, similar to the effect seen in the correlation between fELde 5)and D.

- -
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Normal Displacement Curvature Differences Area Differences

Figure 8: Heat maps for PC 32
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Chapter 4

Discussion

High levels ofsexual dimorphism among traits
Overall, almost everyocal and anthropometrtcait examinedereproved to be sexually
dimorphic as the means of each differed significamtign compared usingtl®et udent ' s T t
Moreover, each one of tlsexually dimophic traits hadarge effectsize based on Cohen
definitions for effect size (0.2 = small, 0.5 = medium, 0.8 = |aOCgdten 1988)
Among the vocal traitois the most sexually dimorphic withelargest effect size
(C o h ed¥’'5.89). kFandthe individual formants (F4) all havevery large effect sizes.
Based on the effect size of the individual formantgfe ( Cohen’ s d = 3. 18 anc
respectively) seem to share similar levels of sexual dimorphism as do formaarid, &
(Cohen’s d = 2.50 and 2.73 respectively). Ho
which these formants share trends ag ttwrelations with the body size traits do not follow
suit. Because it is more difficult for humans to consciodsfgrentiateamongthe individual
formants, any reasons for which these traits became sexually dimorphic indeperdenihoth
is morereadily perceived, remain unclegpeaker tonicityFo-Std, is notassexually dimorphic
asFo. Perhaps, thilwer levelof sexual dimorphism in the variation ip €ould bedue to the
necessity of the voice in both sexes to convey emotimre sahan whichever signals thag F
convey. Or, perhaps the structure of vocal tract or some other biological construct could limit
the variation in &
Nonethelessgventhose traits with theveakest effect sizes of the sexually dimorphic
vocal traits, B-Std and [, are still more than doubteeC o h edwsuggested cutoff for large

effect size thussuggesting a high degree of sexual dimorphism
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Among the anthropometric trait®dt length and hand strengippeato be the most

sexually dimorphictrais ( Cohen’ s d = 3. 09 an dtingzheighbarer e spec

comparativelf ess sexually di morphic ( CoWaghtisthed = 1.

|l east sexwually di morphic of al | Noneildessalht hr opom

these traits have a Cohen’ sdcuofftotlarge effectsst t wi c e
The only traits which did not have significantly different melagtsveen the sexegere

BMI and R. However, both of these tradsestandardized values. BMtandardbcesa per son’ s
weightby their height.Pr standardizes the individual formarig a zscore standardization
separately by sex resulting in a mean of 0 for each Fe&refore, these standardization methods
most likely emoved any signal of sexual dimorphism by scaling these traits.

Nonethelesghe fact that all of the mean differences which were significant . e
level(i.e., those which were not standardized)nain significat at a Bonferroni corrected
0.0004alpha levebuggests that these differences are not adiédcthe number of statistical
comparisons performed aade mostikely biologicaly important Therefore, it is reasonable to
conclude thaboththe voice and body sizeavebeen undesome srt of selectionmost likely
sexual selectionThis could have occurred in both seXaspring larger malewith a lower kb
and smaller femalesith a higher & Or perhapsthis could have occurred just one sex,
favoring either larger males withl@awver F or smaller females with a highes. F

There may, however, be several scenarios under which this has hapPeeeslich
scenario is thabody size could have been under selectioncamdequentlyhe sexual
dimorphism in vocktraits couldhavedevelopeds a resultHowever,given that the mean

Cohen’'s d valwue for vocal traits I s about 1.6



34
size traits, it is possible to speculate that vocal traits were the trait under selection and the sexual

dimorphism in body size developed as a result

For theobjective face measurementalf of thePCs are sexually dimorphiout with
small to medium effect sizegkven after correcting for multiple tests, more than a quarter of the
PCs remain significaht different Nonethelesghese effect sizes are still considerably smaller
than those for the vocal and body size traitsr example, body size traits aom average
approximately 6.5 times more sexual Itgizedi mor ph
while vocal traits areon averageapproximately 10.5 times more sexually dimorphic.
Relationship between vocal traits and anthropometric measurements of body size

Due tothe conflicting results fronpreviously publishedtudies, the relationghbetween
vocal characteristics and anthropometric measurements, particularly those related to body size
such as height, weight, and strength, remains unclear. However, a limitation of the majority of
these previous studies has been small sample sizesequently, a recent medaalysis has
offered populatiodevel estimates of the correlation between these {Risanski et al., 2014)
Oneaim of this research is to further advance our knowledge of the relationship between vocal
characteristics and anthropometrics by contributing lgrgpulationsamples and more traits
related to body size to the discussion.

Across the boardhe significant correlations between the vocal traits and anthropometric
measures of body size both males and femalese negative in direction. This sugge$ts
exampe, thatindividuals with lowerFo values are tallethan individuals with higherdfvalues,
or that individuals with lower £scores are taller, heavier, stronger, and have larger feet on

averagehan individuals with highersRcores
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Interestingly, tlese results provideirther supporto the hypothesis that formants offer

more valuable insight into body size parameters thaWhile F hassignificant correlations
with traits such as height and weight in both males and females, it ddesvedaigificant
correlatonswith other traits such as hand strength, sitting height, foot length, or BMI in both
males and femalg3ables A4A7). Additionally, when kg does correlate significantly with
anthropometric measurements, the miagle of theseorrelations iconsistently half the size or
smaller than the magnitude of the correlations with formant variaBlegng the formant
variables in prticular, Pand  seem to provide a higher frequency &ngher magnitudef
correlationwith body sizdraits than [ Pr and k have significant correlationsith every
anthropometric trait of body size investigated here whiecorrelations betwedd and the
body size traits are more sporadic
Relationships between vocal traits andspects of faciashape

While B and k show strongecorrelations with body size traits; Basoverallmore
significant correlations with various aspeofghe face.This suggests that:[3s most strongly
related tovariationin superficial aspects of the facelowever, arious vocal traitarecorrelatel
with different face PCs in pattern which is still unclearWhile i, and P seem to frequently
correlate with the sanfeC, other traits such as & Fo-std do not share such patterns. This
could imply that dferent regions of the face may be more linkedifterentaspects of the
human voice.

Based on the correlations between the PCs and the vocal traiteasamable to suggest
that themagnitude of the FSCRs the superficial aspects of the face ilwag the lips,chin,
philtrum, nares, nasal bridge, and maxillary regionld have an effect on tiwecal traitsof an

individual. This adds to thpreviously studied effects of vocal tract length and thickness.
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Among the FSCRst appears thatifferences innormal displacement and area héarger

magnitudes inmore areas of the face thdifferences ircurvaturedo.

However, the exact nature of these effects remains somewhat unclear. While the trends
between Eand the aspects of the famsenrelatively consistenin both sexesthose between{D
and the aspects of the fadigerge betweemales and femaledn addition, some of the
relationships seen in females appear to be opposite those seen inlepaeding on the PC
analyzed. Nonethelssonly a few of the significant relationships between the vocal traits and
the superficial traits characterized by the PCs were analyzed in this project. A more
comprehensive analysis looking at all of the significant relationships would be the nexrt step
clarify these relationships.

Indeed, 1 is important to note that ¢hrelationshipgetween vocal parameters and
superficial facial traitsemain exploratory at this poinfAs seerundera Bonferroni correction,
many of these values would no longer pass the signifidganeshold Tables A8 and A9. In
fact, only onecorrelation in males artthreecorrelations in females would remain significant.
Additionally, rone of theséacial PCcorrelations would be significant in both sexé$owever,
the trends in these correlations were consistent with those analyzed that were only seen at the
0.05significanceevel.

Limitations

While much consideration was put into the design of the study, weseeultimately a
few limitations or areas for improvement in future studies. For example, the sex ratio of the
sample collected waskewed towards more female8%.37%) which could have given the
analyses within the traits of females more statistioalgy. Additionally, smoking behavior

could have been considered earlier as an environmental factor which could have affected some of
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thevocal traits. Moreover, the area in which the voice recordings were colidetly could

have beemorecompletelysoundproofed. blwever steps were taken lateraocount for this

factor in the voice analysis portion of the study so it should not have been a major limitation.
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Chapter 5

Conclusion

The data collected in this study provides evaefor sexual dimorphism and correlation
betweervarioustraits. Many of the common traits related to the voice and to body size show
strong signs of sexual dimorphism with large effect size. Morethegspectsf the face
characterized by the P@tso show signs of sexual dimorphism.owWever, thedegree of sexual
dimorphism in thessuperficial traitds much smaller.

In addition, this dataelps to clarify the relationship between vocal traits and
anthropometric traits related to body size. Whielées show significant correlations with
some characterissof body sizge.g.,heigh), Fn and R show both a greater number of
significant correlations and a greater magnitude for each correlation with body size traits like
height, weight, hand stretig sitting height, and foot length. Moreover, these correlations also
pass a Bonferroni correction for multiple comparisons which strengthens their biological
significance.

On the other handDr has more frequent and stronger correlatiits PCs of thdace
than with characteristics of body siZé/hile many of these correlations atié correlations
between the other vocal traits and face PCs do not pass Bonferroni cor@uicorrelation in
males andhreein females remain significant. Thesersfigant relationships preseah area of
future research to further investigate the functlarlationship between theseawariables.

These results offer a starting point to a better understanding of the relationships between

the voice and the fadeom which investigatorsay conductmore comprehensive analgsef
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this data. Future analyses could also consider how covariation among traits may influence the

correlation between traits and how these trait averages and correlations vary among ancestry
groups. Oncemore of these underlying relationships are understood, multivariate regression
models could be made to investigate the additive effects of all these variables.

In addition to collecting more data humans, collecting data model organism such as
dog breedsould help to better understand the morphometric and functional relationships

between the superficial aspects of the face and the voice.
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Appendix A
Supplementalinformation

Fn _ Zin:] Fi
n

Equation Al: Formula for Average Formant Frequency (k) taken from Pisanskiet
al., 2014 where Fis theith formant frequency and n is the number of formants

N—1 |

Equation A3: Formula for Formant Position (Pr) taken from Putset al, 2011where
F s theith formant standardized using a zscae standardization (equation A4 and n is
the number of formants.

Fi — W
a

F' =

Equation A4: Formula for z-score standardization where Fistheit h  f orimant
the sample mearfortheit h f or mant, and G is the standar

€
d
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J.q‘:f _J.H
d = 1 2

T ooled

[=E+ e
- — < T
Where: 050020 = |4|2

EquationA5: Formula for Cohen's d where Mi and Mz are the means of each sample

Figure Al: Setup of the voicerecording area



Figure A2: 3D facial image before (left) andafter (right) scan-cleaning
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Women's Size Conversions

Men's Size Conversions

43

l&i Elilzjgc; Sgés Inches CHM
4 35 2 8.1875" | 20.8
4.5 35 2.5 g.375" 21.3
5 35-36 3 8.3" 21.6
5.5 36 3.5 8. 75" 22,2
6 36-37 4 8.875" 22,5
6.5 37 4.5 9.0625" 23
7 37-38 5 g.25" 23.5
2.5 38 5.5 g.375" 238
8 38-39 6 9.5" 24.1
RS 39 6.5 9.68875" | 24.6
o 39-40 7 9.875" 25.1
0.5 4 7.5 10" 254
1| 40-41 8 10,1875" | 25.9
10.5 41 8.5 10.3125" | 26.2
11 41-42 o 10.5" 26.7
115 42 9.5 10.6875" | 27.1
12 42-43 10 10.875" | 27.6

us

Eurc

LK

SiFes | Sizes Sizes tnches M
6 ag 5.5 9.25" 23.5
85 39 & g.5" 24.1
7 40 6.3 o.625" 24,4
7.5 | 40-41 7 Q.75" 24.8
B 41 7.5 9.9375" | 25.4
8.5 | 41-42 g 10.125" | 25.7
9. 42 8.5 10.25" 26
D5 | 42-43 g 10.4375" | 26.7
10 43 9.5 | 10.5625" 27
ins | 43-44 10 10.75" 27.3
il 44 10,5 | 10.9375" | 27.9
iS5 | 44-45 11 11.125" | 28.3
12 45 11.5 11.25" 28.6
13 46 12.5 | 11.5625" | 29.4
) 1) 47 13.5 | 11.875" | 30.2
15 48 14.5 | 12.1875" 31
16 49 15.5 12.5" 31.8

Figure A3: Shoe size to cm conversion chart
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Figure A4: Model facesfor PC4 showing the extremes of the PCxas
(left = negative end; right = positive end)

Figure A5: Model faces for PC8 showing the extremes of tHeC axis
(left = negative end; right = positive end)
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Figure A6: Model faces for PCLO showing the extremes of the PC axis
(left = negative end; right = positive end)

Figure A7: Model faces for PC11 showing the extremes of the PC axis (left =
negative end; right = positive end)



Table Al: Voice Trait Averages
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Measurement Male Female t-valu¢  p-value Coher
Mean St.Dev. Mean St Dev. d
Fo (Hz) 109.71 13.89 199.07 19.00 79.47 <0.000%" 5.39
Fo-Std (Hz) 10.09 3.66 20.30 6.82 26.72 <0.000%~ 1.87
F1(Hz) 431.44 45.35 608.74 64.65 46.74 <0.0001" 3.18
F2(Hz) 1509.86 61.29 1694.36 85.30 36.61" <0.000F 2.50
Fs(Hz) 2478.23 96.48 2757.99 108.32 41.25 <0.000%" 2.73
F4(Hz) 3442.68 131.03 3878.57 146.75 47.50 <0.000%" 3.14
Fn(Hz) 1965.55 58.30 223491 68.42 63.90 <0.000x~ 4.25
Df (Hz) 1003.75 48.07 1089.94 51.81 26.77 <0.000F" 1.73
Pt (Hz) 0.00 0.64 0.00 0.62 N/A N/A N/A
ttt-val ue generat edestt rom Student s t
+ equal variance based on results of-fest for equality of variance
# unequal variance based on results offest for equality of variance )
* significant at p <0.05, nor mal U value
AN significant at p < 0.000431, Bonferroni corrected
Table A2: Anthropometric Trait Averages
Measurement Male Female t- p-value Cohel
Mean St.Dev. Mean St. Dev. valué
Height (cm) 17670 7.11 163.68 6.19 -30.09 <0.000F~ 1.98
Weight (kg) 79.01 15.42 67.22 15.91 -11.63 <0.000%" 0.76
BMI (kg/cm?) 2527 449 2505 559  -0.65 0.52 0.04
(Sc'g]';‘g Height 92.79 404  86.98 345 -2444 <0.000¥*  1.56
Hand Strength 4317 862 2713 520 -36.69 <0.000F°  2.26
(kg of force)
Foot Length (cm)  27.67 1.21 24.24 1.01 -47.23 <0.0001" 3.09

t:t-val ue

gener at edestf rom Student s t

+ equal variance based omesults of Ftest for equality of variance
# unequal variance based on results of-fest for equality of variance

*

N

significant
significant

at
at

p <0
p<

0.

065,

000431,

nor mal U wvalue
Bonferroni

corrected



Table A3: Face PC Averages

47

Male

Female

Cohe

Measurement _ St. t-value p-value

Mean Mean d

Dev. Dev.

PC1 0.59 0.86 -0.39 0.87 -17.17 <0.0001* 1.13
PC2 -0.11 0.70 0.02 0.68 2.70° <0.01* 0.18
PC3 0.70 0.90 -0.22 0.88 -15.6F <0.0001** 1.04
PC4 0.05 0.91 -0.10 0.97 -2.35°  0.02* 0.15
PC5 -0.31 0.88 0.17 0.88 8.11" <0.0001*» 0.%4
PC6 -0.38 0.96 -0.09 0.89 4.74 <0.0001* 0.32
PC7 -0.01 0.95 0.36 0.94 5.76 <0.0001* 0.38
PC8 0.003 0.92 0.09 0.93 1.48 0.14 0.10
PC9 0.78 0.78 0.36 0.80 -8.17 <0.0001* 0.4
PC10 -0.12 0.83 -0.0008 0.97 1.99 <0.05* 0.13
PC11 0.13 0.85 0.12 0.97 -0.127  0.90 0.01
PC12 0.28 0.95 0.11 0.94 -2.83% <0.01* 0.19
PC13 -0.01 0.92 -0.22 0.84 -3.54 <0.001* 0.24
PC14 -0.18 0.94 0.30 0.92 7.77 <0.0001* 0.52
PC15 0.10 0.93 0.12 0.95 0.3F 0.75 0.02
PC16 0.50 0.84 0.95 0.79 8.29 <0.0001** 0.%
PC17 -0.48 0.92 -0.19 0.89 4.87 <0.0001* 0.32
PC18 0.17 0.93 0.03 0.89 -2.24 0.03* 0.15
PC19 -0.11 0.87 -0.14 0.93 -0.50¢ 0.62 0.03
PC20 0.24 1.02 0.005 0.94 -3.5% <0.001* 0.24
PC21 0.03 0.92 0.09 0.91 1.02 0.31 0.07
PC22 -0.007 0.95 0.22 0.91 3.67 0.0003*  0.24
PC23 -0.10 1.05 0.12 0.89 3.59 <0.001* 0.4
PC24 -0.40 0.85 -0.15 0.88 4.4¢ <0.0001* 0.29
PC25 -0.18 1.00 -0.21 0.85 -0.53 0.60 0.4
PC26 -0.42 0.95 -0.09 0.88 5.16 <0.0001*" 0.35
PC27 -0.05 1.02 0.05 0.89 1.72 0.09 0.11
PC28 -0.10 0.94 -0.09 0.85 0.26" 0.80 0.02
PC29 0.38 0.95 0.17 0.86 -3.55"  0.0004* 0.24
PC30 -0.16 0.95 0.10 0.94 4.24 <0.0001* 0.28
PC31 0.04 0.92 -0.09 0.85 -2.21%  0.03* 0.15
PC32 -0.14 0.82 -0.41 0.90 -4.69  <0.0001* 0.30
PC33 -0.16 0.62 -0.004 0.68 3.64 0.0003* 0.24
PC34 0.03 0.98 0.10 0.83 1.05 0.29 0.07
PC35 -0.28 1.0 0.01 0.90 4.68 <0.0001* 0.31
PC36 -0.14 0.85 -0.09 0.85 0.9¢ 0.33 0.07
PC37 0.02 0.89 -0.03 0.82 -0.83 041 0.06



PC38
PC39
PC40
PC41
PC42
PC43
PC44
PC45
PC46
PC47
PC48
PC49
PC50
PC51
PC52
PC53
PC54
PC55
PC56
PC57
PC58
PC59
PC60
PC61
PC62
PC63
PC64
PC65
PC66
PC67
PC68
PC69
PC70
PC71
PC72
PC73
PC74
PC75
PC76
PC77
PC78
PC79

0.0002 0.93
0.07 0.86
0.05 0.98
0.14 0.98
-0.14  0.97
-0.23  0.90
-0.03  0.94
-0.08 0.82
-0.03 0.91
-0.02 0.91
0.05 0.78
-0.03 0.91
-0.22 0.82
0.03 0.89
-0.10  0.87
-0.03 0.86
-0.05 0.88
-0.005 0.91
-0.01 0.71
0.19 0.80
-007  0.83
-0.08  0.87
0.10 0.79
0.12 0.80
-0.03  0.85
-0.10 0.91
0.05 0.94
0.09 0.88
-0.003 0.91
0.12 0.83
-0.04  0.88
0.03 0.82
0.02 0.83
0.09 0.69
-0.004 0.83
-0.13  0.96
-0.16  0.78
0.01 0.74
0.09 0.92
0.007 0.90
-0.01  0.77
-0.02 0.84

0.002
-0.07
-0.12
0.12
-0.01
-0.17
0.02
-0.07
-0.04
-0.008
0.14
0.08
-0.13
0.11
0.10
-0.18
-0.14
-0.03
-0.07
0.05
-0.17
-0.23
-0.18
-0.04
0.05
-0.07
0.05
-0.008
-0.05
-0.03
-0.10
0.08
-0.04
-0.03
-0.04
0.01
-0.06
-0.03
-0.03
-0.06
-0.003
0.06

0.89
0.79
0.86
0.86
0.83
0.92
0.90
0.76
0.82
0.80
0.81
0.85
0.80
0.85
0.79
0.88
0.84
0.86
0.72
0.76
0.90
0.81
0.78
0.75
0.82
0.78
0.86
0.78
0.87
0.81
0.80
0.82
0.79
0.67
0.76
0.80
0.74
0.73
0.81
0.82
0.74
0.77

0.03
-2.66
-2.76'
-0.19
2.26"
1.0%
0.94'
0.17
-0.25"
0.27
1.69
1.94
1.66
1.49
3.75
-2.64
-1.46
-0.43
-1.17
-2.75
-1.88
-2.75
-5.47
-3.171°
1.36
0.52
0.04'
-1.80
-0.74
2.72
-1.08"
0.90'
-1.15
-2.65
-0.60"
2.45
1.99
-0.8F
-2.00
-1.20
0.17
1.63

0.98
<0.01*
<0.01*
0.85
0.02*
0.31
0.34
0.87
0.80
0.79
0.09
0.05
0.10
0.14
0.0002*"
<0.01*
0.14
0.67
0.26
<0.01*
0.06
<0.01*
<0.0001**
<0.01*
0.17
0.60
0.97
0.07
0.46
<0.01*
0.28
0.37
0.25
<0.01*
0.55
0.01*
<0.05*
0.42
<0.05
0.23
0.87
0.10

48
0.0
0.18
0.18
0.01
0.15
0.07
0.06
0.01
0.02
0.02
0.01
0.13
0.11
0.10
0.25
0.17
0.10
0.03
0.07
0.19
0.12
0.19
0.36
0.21
0.09
0.03
0.0
0.12
0.05
0.18
0.07
0.06
0.08
0.18
0.04
0.16
0.14
0.05
0.13
0.08
001
0.11
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PC80 -0.07 0.78 -0.05 0.73 0.3 0.70 0.03
PC81 -0.14  0.79 -0.10 0.77 0.7 0.45 0.05
PC82 -002 0.79 0.06 0.76 1.58  0.12 0.11
PC83 0.25 0.91 -0.12 0.75 -6.90° <0.0001** 0.46
PC84 -0.05 0.83 -0.06 0.77 -0.19 0.85 0.01
PC85 0.03 0.77 -0.08 0.76 -2.10  0.04* 0.14
PC86 -0.11 0.68 0.06 0.71 3.65°  0.0003* 0.24
PC87 0.07 0.79 -0.13 0.72 -4.00 <0.0001* 0.27
PC88 0.14 0.87 0.03 0.81 -1.95°  0.05 0.13
PC89 0.009 0.87 -0.23 0.78 -4.44  <0.0001** 0.29
PC90 0.09 0.69 -0.08 0.67 -3.8F  0.0002* 0.25
PC91 0.22 0.83 -0.05 0.80 -5.07 <0.0001* 0.34
PC92 0.03 0.79 0.05 0.74 0.40° 0.69 0.03
PC93 0.14 0.83 -0.14 0.75 -5.39°  <0.0001** 0.36
PC94 -0.06 0.83 -0.02 0.74 0.73 050 0.05
PC95 -0.07 0.86 0.13 0.82 347  <0.001* 0.23
PC96 0.07 0.82 0.03 0.72 -0.66¢ 0.51 0.04
PC97 0.14 0.79 0.15 0.69 0.16 0.87 0.01
PC98 0.14 0.74 0.11 0.67 -0.58 0.56 0.04
PC99 0.01 0.79 0.10 0.76 1.64  0.10 0.11
PC100 -0.15 0.85 -0.02 0.80 228  0.02* 0.15

ttt-val ue gener at edestf rom Studentods t

+ equal variance based on results of-kest for equality of variance

# unequal variance based on results of-Eest for equality of variance

* significant at p <0.05, normal U value
Asignificant at p < 0.000431, Bonferroni corrected

Table A4: Correlation values for male vocal traits and anthropometric

measurements
Height Weight
r p n r P n
Fo -0.14  <0.01 371 -0.03 0.62 368
Fo - Std -0.04 043 371 0.065 021 368
Fi -0.12¢ 0.2 371 -0.1% 0.01 368
F2 -0.2*"  <0.0001 371 -0.1% 0.01 368
Fs -0.18 0.00 371 -0.1T 0.04 368
Fa -0.20-*  <0.0001 371 -0.22 <0.0001 368
Fn -0.27" <0.0001 371 -0.23% <0.0001 368
Dr -0.15 0.00 371 -0.16 0.00 368
Pe -0.29*  <0.0001 371 -0.23" <0.0001 368
*p<0.05

Np < 0.000431, Bonferroni corrected U value



Table AS: Correlation values for male vocal traits and other anthropometric

measurements
Sitting Height Hand Strength BMI Foot Length
r p n r p n r p n r p n
Fo -010  0.05 371 -0.07 016 365 004 041 368 -0.10 006 356
Fo-Std 0.01 085 371 -0.12* 002 365 09 007 368 -0.01 08 356
(= -0.06 022 371 -0.07 019 365 -0.10 0.5 368 -0.16* <0.01 356
F -0.24" <0.0001 371 -0.19* 0.00 365 -0.04 040 368 -0.20+ <0.001 356
Fs -0.17*  0.00 371 -0.21*» <0.0001 365 -0.04 0.49 368 -0.22* <0.0001 356
Fa -0.18* 000 371 -0.09 0.07 365 -0.15* <0.01 368 -0.20* <0.001 356
Fa -0.25" <0.0001 371 -0.20* <0.001 365 -0.13* 0.01 368 -0.29* <0.0001 356
Ds -0.15* 001 371 -0.06 022 365 -0.10+ 0.04 368 -0.13* 001 356
Pt -0.26" <0.0001 371 -0.22* <0.0001 365 -0.13* 0.01 368 -0.30** <0.0001 356
*p<0.05 }
Np < 0.000431, Bonferroni corrected U val
Table A6: Correlation values for female vocal traitsand classic anthropometric
measurements
Height Weight
r p n r p n
Fo -0.14*  <0.001 642 -0.09* 0.02 642
Fo - Std -0.05 0.22 642 0.01 0.80 640
Fi -0.16" <0.0001 642 -0.17** <0.0001 642
F -0.05 0.22 642 -0.18* <0.0001 642
Fs -0.12* 0.00 642 -0.15*" <0.0001 642
Fa -0.10* 0.01 642 -0.29* <0.0001 642
Fn -0.15% <0.0001 642 -0.31* <0.0001 642
Dy -0.02 0.54 642 -0.20* <0.0001 642
P -0.17* <0.0001 642 -0.32** <0.0001 642
*p<005 normal U value
N p <0.000431, Bonferroni correctedJ v al ue

50
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Table A7: Correlation values for female vocal traits and other anthropometric
measurements

Sitting Height Hand Strength BMI Foot Length
r p n r p n r p n r p n
Fo -0.04 0.34 640 -0.04 032 631 -0.05 022 640 -0.12 <0.01 544
';"td -0.04 030 640 -0.04 028 631 0.03 0.46 640 -0.06 0.14 544
F,  -0.14» <0.001 640 -0.16* <0.0001 631 -0.13* <0.01 640 -0.16* <0.001 544
F. -0.06 014 640 -02 0.63 631 -0.17* <0.0001 640 -0.12* <0.01 544

Fs -0.13* <0.01 640 -0.01 0.71 631 -0.12* <0.01 640 -0.10* 0.02 544
Fa -0.10* <0.01 640 -0.09* 0.02 631 -0.27** <0.0001 640 -0.15* <0.0001 544
Fn -0.16" <0.0001 640 -0.10* 0.01 631 -0.27** <0.0001 640 -0.19" <0.0001 544

Di 004 033 640 -002 064 631 -0.20" <0.0001 640 -0.08 007 544
P, -0.17% <0.0001 640 -0.12*  <0.01 631 -0.28" <0.0001 640 -0.21* <0.0001 544
*p<0.05

AN p < 0.000431, Bonferroni corrected U value
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Table A8: Significant correlation values for male vocal traits and normalizedace PCs

PC N Fo Foi Std Fn Dt Ps
r p r p r P r P r p
1 360 -0.11 0.04
4 360 -0.16 <0.01 -0.12 0.02
6 360 0.12 0.02 -0.13 0.02
7 360 -0.12 0.03 -0.12 0.02
8 360 -0.14 <0.01
10 360 -0.11 0.03 -0.14 <0.01
11 360 0.20 <0.001
14 360 0.12 0.03 0.13 0.01
16 360 0.13 0.01
22 360 -0.15 <0.01
24 360 0.11 0.04
28 360 -0.13 0.01
30 360 -0.228 <0.0001
34 360 0.11 0.03 0.11 <0.05
35 360 0.11 0.03 0.12 0.03
41 360 0.12 0.03
45 360 0.15 <0.01 0.14 <0.01 0.12 0.02
47 360 0.10 0.05
50 360 -0.11 0.04
52 360 0.14 <0.01
57 360 0.14 <0.01 0.11 0.03 0.13 0.02
59 360 0.14 <0.01
63 360 0.12 0.03 0.11 0.04
67 360 -0.13 0.01
71 360 0.13 0.01
72 360 0.14 <0.01 0.13 0.01
75 360 -0.11 0.03
77 360 -0.11 0.04
78 360 0.11 0.03 -0.12 0.03
84 360 -0.13 0.01
91 360 -0.14 <0.01
92 360 0.12 0.02 011 0.04 0.11 0.03
93 360 0.11 0.04
95 360 0.14 <0.01
97 360 0.14 <0.01
Total 3 12 10 18 8

N significant at p < 0.000431, Bonferroni corrected
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Table A9: Significant correlation values for female vocal traits and normalized face PCs

PC N Fo Foi Std Fn Dr Pr

r p r p r p r p r p
1 623 0.10 <0.01
2 623 0.09 0.03 -0.10 0.01 -0.13 <0.01 -0.09 0.03
3 623 009 0.02
4 623 -0.12 <0.01
5 623 0.13 <0.01 0.13 <0.01 0.15 <0.001
6 623 -0.13 <0.001 -0.15 <0.001
8 623 0.08 0.03 -0.13 <0.001 -0.10 <0.01 -0.13 <0.01
9 623 -0.08 0.04 -0.15 <0.001
10 623 0.15 <0.001
11 623 0.13 <0.001
15 623 -0.08 0.04
17 623 0.09 0.02 012 <0.01 0.14 <0.001
19 623 0.14 <0.001 0.09 0.02 0.13 <0.01 0.08 0.05
20 623 0.10 0.01
28 623 -0.13 <0.01 -0.15 <0.001 -0.11 <0.01
31 623 0.18¢ <0.0001 0.14 <0.001 0.17™ <0.0001
32 623 0.19¢ <0.0001
35 623 -0.09 0.02
36 623 0.09 0.02 0.10 0.01
37 623 0.09 0.02 0.10 0.01
38 623 -0.10 0.01
39 623 0.09 0.03 -0.11 <0.01
40 623 -0.08 <0.05 0.17™ <0.0001 0.12 <0.01 0.17 <0.0001
44 623 -0.11 <0.01 -0.11 <0.01
46 623 0.11 <0.01 0.11 <0.01 0.11 <0.01
48 623 0.09 0.02 0.09 0.02
49 623 0.12 <0.01
53 623 -0.11 <0.01
56 623 -0.09 0.03 -0.10 0.01
57 623 0.10 0.02
58 623 0.08 0.04 0.09 0.03
59 623 -0.11 <0.01
60 623 -0.11 <0.01 -0.11 <0.01
62 623 0.09 0.03
65 623 -0.12 <0.01 -0.12 <0.01
69 623 0.11 <0.01
73 623 0.11 <0.01
75 623 -0.09 0.03
79 623 0.09 0.02 0.08 <0.05 0.09 0.02
80 623 0.11 <0.01
81 623 -0.11 <0.01
82 623 -0.08 0.04 -0.09 0.02
87 623 -0.11 <0.01
91 623 0.09 0.03
94 623 -0.16 <0.001 -0.13 <0.001 -0.15 <0.001

Total 12 11 15 28 17
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Appendix B
Scripts and Protocols

[foday is {day, month, date, year}.Iam {male /female} and
my study ID number is {vour number}.

One, two, three, four, five, six, seven, eight, nine, ten.

{Read the list below extending the vowel sounds, for

Beet Book
Bit Boot
Bet Boat
Bait Bought
Bat Bird
But Car

Bout Ago

Bve

When the sunlight strikesraindropsin the air, they actas a
prism and form a rainbow. The rainbow is a division of
white light into manvy beautiful colors. These take the shape
of along round arch,_ with its path high above, and its two
ends apparentlv bevond the horizon. There is, according to
legend. a boiling pot of gold at one end. People look, but
no one ever finds it. When a man looks for something
bevond his reach, his friends sav he is looking for the pot
of gold at the end of the rainbow.

Figure B1: Voice Recording Script

55



#Male voice FO
clearinfo
directory_get$ = choosebirectory$ ("Choose a direcory™)

Create Strin%s as file list... Tist 'directory_get$’'/*.wav
number _of_files = Get number of strings

echo fileName'tab$'duration'tab$ medpitch'tab$ meanpitch'tab$ minPitch'tab$ maxpitch'tab§’
sdpitch'tab$ voiceBreaks 'tab§' jitter "tab$’ jitterrap 'tab$’ jitterppg5 tab$’ jitterddg tabs’ shimmer
"tab$’ shimmerapg3'tab$'shimmerApq5 ' tab$’ shimmerapgll'tab$’ shimmernda'tab$” harmonics'newline$’

for x to number_of_files

select strings list
Sort
current_file§ = Get string... X
current_file2§ = replace$ (current_file$, ".wav", ", 0)
Read from file... 'directory_get$'/ current_file§’

select sound current_file2§’
Extract one channel... Left

To pitch (cc)... 07515 no 0.03 0.6 0.01 0.7 0.3 300
select sound 'current_file2§'_chl

plus pitch "current_file2$’ _chl

To PointProcess (cc)

select sound ‘current_file2§'_chl

plus pitch "current_file2$' _chi

plus PointProcess 'current_file2§’_chl_'current_file2§’ _chl
voiceReport$ = voice report... 0075300 1.3 1,6 0.03 0.45

duration = extractNumber (voiceReport$, "duration: ™)

medpitch =extracthumber (voiceReport$, "Median pitch: ™)
meanpitch =extracthumber (voicereport§, "Mean pitch: )
minpitch =extracthumber (voiceReport$, "Minimum pitch: ")
maxPitch =extracthumber (voiceReport$, "Maximum pitch: )
sdpitch =extractNumber (voiceReport$, "standard deviation: ")

voiceBreaks =extractNumber (voiceReport$, "Number of voice breaks: ")

jitter = extracthumber (voiceReport§, "Jitter (local): ")
JitterRap =extractNumber (voiceReport§, "Jitter (rap): ")
JitterPpg5 =extracthumber (voiceReport§, “"Jitter (ppg5): ")
jitterddq =extracthumber (voiceReport$, "1itter (ddp): ")

shimmer = extractNumber (voicereport$, "shimmer (local): ")
shimmerApg3 = extracthumber (voicereport$, "shimmer (apg3d): ")
shimmerApq5 = extracthumber (voiceReport$, "shimmer (apgs): ")
shimmerapgll = extracthumber (voiceReport$, "shimmer (apgli): ™)
shimmerdda = extracthumber (voiceReport$, "shimmer (ddag: ")

harmonics = extractNumber (voiceReport$, "Mean harmonics-to-noise ratio: ")

print 'current_file2§' 'tab$' 'duration’ 'tab$’'medritch’ 'tab’ 'meanpitch''tab$’ 'minpitch’
'tab$"maxPitch"tab$"5dP1tch"tab$"voiceBreaks"tab$"jitter"tab$"g1tterRap"tab$'
"jitterppgs’ 'tab$''jitterndg’ 'tab$’ shimmer ' 'tab$''shimmerApg3’ 'tab$’ shimmerapgs' 'tab$’
'shimmerapgll’ "tab§’ 'shimmerdda’'tab$' "harmonics’ 'newlines’
Remove
endfor

select all

Figure B2: Praat script for male FO
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#female voice FO
clearinfo
directory_get$ = choosebirectory§ ("Choose a directory”)

Create Strﬁn?s as file Tist... 1ist 'directory_get$'/*.wav
number_of _files = Get number of strings

echo fileName'tab$ duration’tab$ medritch'tab$ meanpitch tab$ minpitch ' tab$ maxpitch'tab$ sdritch tab$ voiceBreak
"tab$’ jitter 'tab$'jitterrap'tab§’ jitterppg5 tab$’ jitterDdq tabs shimmer tab$’shinmerApg3 tabs’ shimmerApgs tab$’
shinmerapgll'tab$’ shimmerpda'tab$ harmonics newlines’

for x to number_of_files

select strings list
sort
current_file§ = Get string... x
current_file2$ = replace$ (current_file§, ".wav", ", 0)
Read from file... 'directory_get$'/ current_files

select sound 'current_filez2§
Extract one channel... Left

To Pitch (cc)... 015015 no 0.03 0.6 0.01 0.7 0.3 350
select sound "current_file2§'_chl

plus Pitch "current_file2§’_chl

To PointProcess (cc)

select sound "current_file2§'_chi

plus Pitch "current_file2§’_chl

plus PointProcess "current_file2$’ _chl_'current_file2§’_chl
voiceReport$ = Voice report... 0 0 100 500 1.3 1.6 0.03 0.45

duration = extracthumber (voicereport$, "duration: ")

medPitch =extracthumber (voiceReport$, "Median pitch: ")
meanPitch =extractNumber (voiceReport$, "Mean pitch: ")
minPitch =extracthumber (voiceReport$, "Minimum pitch: ")
maxpitch =extracthumber (voiceReport§, "Maximum pitch: ")
sdpitch =extracthumber (voiceReport$, "Standard deviation: ")

voiceBreaks =extractNumber (voiceReport$, "Number of voice breaks: ")

jitter = extracthumber (voicereport§, "Jitter (Tocal): )
JitterRap =extracthumber (voiceReport§, "Jitter (rap): ")
JitterPpgS =extracthunber (voicereport§, "Jitter (ppgs): )
jitterddy =extracthumber (voiceReport$, "Jitter (ddp): ")

shimmer = extracthumber (voiceReport§, "shimmer (Tocal): ")
shimmerApq3 = extractNumber (voiceReport$, "shimmer (apg3d): ")
shimmerApg5 = extracthumber (voiceReport§, "Shimmer (apg5): ")
shimmerApgll = extractNumber (voiceReport§, "Shimmer (apqll): ")
shimmerdda = extractNumber (voiceReport$, "Shimmer (ddag: ")

harmonics = extractNumber (voiceReport$, "Mean harmonics-to-noise ratio: ")

print "current_file2$' 'taby’ "duration’ 'tab%' 'medPitch’'tab$’ 'meanpitch’'tab$' 'minPitch'"tab$
'maxPitch"tab$"5dP1tch"tab$"voﬁceBreaks"tab$"jitter"tab$"j1tterRaE"tab$"jﬁtteerq5
‘tab$''jitterndg' "tab$' "shimmer ''tab§''shimmerapg3' tab$' 'shimmerapg5' 'tab$' 'shimmerapgll' "tabs
"shimmeroda’ "tab$’ "harmonics ' "newline$’
Remove

endfor

select all

Remove

Figure B3:Praat script for female FO
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‘#male voices formants
clearinfo
directory _get$ = chooseDirectory$ ("Choose a direcrory™)

Create su-in?s as file Yist... 1list ‘directory_gets’'/=“.wav
number_of_files = Get number of strings

echo filename tab$ Fl 'tab$ 'F2 tab$ " F3 tabs 'Fd ' tabs errors ' tabs points newlines’

for x To mumber ~files
select StrTngs st
Sort

current_file$ = Get string..
current_file2s - rep‘la.ces (currem fﬂes WAV . 0)
Read from file... “direcrory_getrs$ / current fﬂeS'

select Sound “current_file2s”
Extract one chamnel... Left

To _Pitch (cc)... 07515 0 ©0.03 0.6 0.01 0.7 0.3 300
select Sound “current _file2s  _chl

plus Pitch "current_file2s _chl

To_PointProcess (cc)

select Sound “current_file2$  _cha

To _Formant (burg)... ,0.0025 5 _5000 0.025 50

select PointProcess ‘current_file2s _chl_‘current_file2s’  _ch
nueProints=Get number of poims

for i to mumPoints
status = O
select pPointProcess “current_file2s’  _chl_“current_file2s’ _chl
T = Get Time from index... "1

select Formant “current_file2$  _cha

1 = Get value at time... 1 "t Hert2z Linear
f2 « Get value ar time... 2 't’ MertZ Linear
f3 = Get value at time... 3 't’ wertz Linear
fi = Get value at time... 4 "t° Hertz Linear

if f4 « undefined
STaATuUS = 1

if f1 > 1000
status = 1

else

elsze

if £2 > 2850
status = 1

else
if £3 > 3750
sStatus = 1
else
if f2 > 3500
status = I
endif
endif
endif

S states - L
SIrOrs - arrors + 1

else
sumFl - jusFl « 71
Ukl - JueE2 + 12
SuNES « SusE3 o T35
SUNEE - SumEs o T2
-nase

endfor
MO IrS S = Meroints - errors

aFL -

ME2 - sumE

M) - S
- s "-g"'“ . « . . . . . > . . .o .
Tine “Current_FATels "Tabl "an¥i’ "Tabs aerl  Ttals e ® 3 TTals T Tatd T1abs  Terrors Ttads T Truewotncs

select Sound ‘current f41

plus PITCR “cwrrent. vnou dh

Plus PolnuProcess cwr«x.’llozs AhS_cwrrent_fite2s  _cha
:lu Formant “current_filels _chd

prim

enaf or
select all
Remove

Figure B4: Praat script for formants Fi-F4



59

sfemale voice formants

clearinfo

direcrtory_gets$ = chooselirectorys ("choose a directory™)

Create sStri
number_of _fi

as file list... list ‘directory_gets” /*.wav

es = Get number of strings

echo filename ' tabS$ ' Fl'tabsS ' F2 " tabsS'F3 ' tabsS Fa 'tabs errors tabs points ‘newlines”

for x to number_of_files
;::ect strings list
T

current_file$ = Get string...

current_file2sS - replaces curren
rRead from file... °8 <

- wAv”, ", 0)

files,
‘directory_gets t? ‘current_files’

select Sound “current_file2s”

ExTtract one channe

To_fitch (cc)... © 150 15
select Sound “current_file
plus Pitch “current_file2s

T... Lefx

no 0.03 0.6 0.01 0.7 0.3 350
28" _cha
" _chl

To_PointProcess (cc)
select Sound “current_file2$”

Yo _fFormant (burg).

<hi
-._ 0.0025 5 5500 0.02% 50

select PointProcess ‘current_file2$  _chl_"current_file2s$  _
number of

nuaPoints-Get

for i to numPoints
status = O

points

select PointProcess ‘current_file2$’ _chi_“current_file2s’' _ch
T = Get time from index... ~i°

select Formant “current_file2$"  _cha
fli = Get value at time... 1 "t" Hert2 Linear

£2
fa

if f2 -« undefined
Ztatus - 1

- Get value at time... 2 "t" Hertz Linear
f3 =« Get value atr time...

"t" Hertz Linear

3
Get value at time... 4 "t" Hert2 Linear

else
if f1 > 1250
status = 1
elze
if f2 > 3350
STATUS - 1
else

if f3 > 2150
sTatus = 1
else

if fa > 5100

andfor
select a1y
Remcree

Tect

if seatus - 2

WFOrS = arrors
elsw

SUmFL = Sussl .

SUNED - Sl .

umf ] - soeF3 -

IumFd - JunEd -
enast

A1 - sl [ rwewoincs
AVET - JumFl [/ rusRoints
aF3 3

ANES - SumEs S &
printiine currm.'ﬂ.es ‘Tans”

wrroes 4 lozt o3

Sourd ‘e
us Pitch <urr.ng 'Tl
Plus PoinEPrecess

.atsfllozs ~hs
Tus £Ormant cwvm.’

“an.
L

TAELTTTABST Tt TTaDS T TavE 3T Trabs T Tavwd T Trabs T Tercor s Trabs T Treeeraings

‘Current _file2d” _<cma

Figure B5: Praat script for formants F1-F4
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