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Traditional Masculinity and
Femininity: Validation of a New Scale
Assessing Gender Roles

Sven Kachel *, Melanie C. Steffens * and Claudia Niedlich

Department of Social and Economic Psychology, University of Koblenz and Landau, Landau, Germany

Gender stereotype theory suggests that men are generally perceived as more
masculine than women, whereas women are generally perceived as more feminine
than men. Several scales have been developed to measure fundamental aspects
of gender stereotypes (e.g., agency and communion, competence and warmth, or
instrumentality and expressivity). Although omitted in later version, BemOs original Sex
Role Inventory included the items OmasculineO and OfeminineO in addition to more
specibc gender-stereotypical attributes. We argue that it is useful to be able to
measure these two core concepts in a reliable, valid, and parsimonious way. We
introduce a new and brief scale, the Traditional Masculinity-Femininity (TMF) scale,
designed to assess central facets of self-ascribed masculinity-femininity. Studies 1D2
used known-groups approaches (participants differing in gender and sexual orientation)
to validate the scale and provide evidence of its convergent validity. As expected the
TMF reliably measured a one-dimensional masculinity-femininity construct. Moreover,
the TMF correlated moderately with other gender-related measures. Demonstrating
incremental validity, the TMF predicted gender and sexual orientation in a superior way
than established adjective-based measures. Furthermore, the TMF was connected to
criterion characteristics, such as judgments as straight by laypersons for the whole
sample, voice pitch characteristics for the female subsample, and contact to gay men
for the male subsample, and outperformed other gender-related scales. Taken together,
as long as gender differences continue to exist, we suggest that the TMF provides a
valuable methodological addition for research into gender stereotypes.

Keywords: gender stereotypes, gender roles, gender-role self-concept, femininity, masculinity, actual and
perceived sexual orientation, scale construction, voice pitch characteristics

Abbreviations: BSRI, Bem Sex Role Inventory; BSRI-F, Bem Sex Role Inventory-femininity scale; BSRI-M, Bem Sex
Role Inventory-masculinity scale; CGRB, Childhood Gender Role Behavior; f0, fundamental frequency; GEPAQ, German
Extended Personal Attributes Questionnaire; GEPAQ-F, German Extended Personal Attributes Questionnaire-femininity
scale; GEPAQ-M, German Extended Personal Attributes Questionnaire-masculinity scale; GRB, Gender Role Behavior;
GRB-F, Gender Role Behavior-femininity scale; GRB-M, Gender Role Behavior-masculinity scale; IAT, Implicit Association
Test; PAQ, Personal Attributes Questionnaire; TMF, Traditional Masculinity-Femininity; TMF-F, Traditional Masculinity-
Femininity-femininity scale; TMF-M, Traditional Masculinity-Femininity-masculinity scale.
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Kachel et al. Traditional Masculinity-Femininity Scale

INTRODUCTION component to the others. In addition, physical appearance played
a particularly large role. Such Pndings indicate that gender
Every time a group of people is addressed as OLadies afidreotypes may be based on some sort of Ocore® masculinity
Gentlemen!O the pervasiveness of gender over all othell soeiad femininity. Similarly, individuals may use such Ocore®
categories is demonstrated. Gender is also one of the Prsiasculinity and femininity in their self-construal.
social categories that children learn in todayOs societies The Prst attempts to gauge masculinity and femininity placed
thus knowledge of gender stereotypes is evident from earliese constructs on a bipolar spectrum and involved measuring
childhood on (for a recent review, segelens and Viladot, simple collections of personality traits on which women and
2019 and into adulthood, with both adolescents and collegamen dilered on average (for a review, séwmnstantinople,
students construing their self-concepts in line with the den 1973. By contrast, BemOs pioneering Sex Role Inventory (BSRI;
stereotypes they have internalized (elggsek et al., 2002; Bem, 197} used gender-stereotypical traits to independently
Stelens et al., 20)0 Since the 1970s, followingemOs (1974) measure masculinity and femininity (e.g., masculine itemsh
pioneering work, many scales have been designed, developad, competitive and dominant, and feminine items such as
and widely used for measuring traits traditionally consil® alectionate and gentle). She pointed out that women/men
as typically male vs. typically femaleqnstantinople, 1993In who score high on both scales were called androgynous.
recent years, such measures have often failed to Pnd betweamportantly, OmasculineO and OfeminineO were includedhas it
gender dilerences in self-ascriptions of gender stereotypicdn these original scales, but were excluded from the revised
traits (e.g.,Sczesny et al., 2004vhich is presumably due to version @em, 197 because of problematic loadings on the
changes in gender roles across the decades [(Bajiman and factors on which the masculine and feminine traits loaded,
Eagly, 2000; Wilde and Diekman, 2005; Ebert et al., R@8til,  respectively. Exploratory factor analyses showed an instable
gender dilerences in self-ascriptions do continue to exisidl a factor structure but often converged on three-factor siolos:
there are attempts to measure dilerent aspects of masculinitjlasculine traits on one factor, feminine traits on a second
and femininity, including, for example, everyday behaviocls  factor, and masculine-feminine along with participant gende
as houseworkAthenstaedt, 2003In the present paper, we argue on a third factor (e.g.Niedlich et al., 2015see review bZhoi
that a scale that reliably and validly measures dilerences iand Fuqua, 2003 It has thus been suggested that the two
an individualOs underlying conceptualization of his or heno independent masculinity and femininity trait dimensionsear
masculinity-femininity would be valuable for gender resa  complemented by one bipolar masculinity-femininity dimensio
To date, these constructs can only be measured using twajten{seeConstantinople, 1973; Spence et al., 1975; Bem)) 16a0
OmasculineO and OfeminineO which is somewhat limited gimsRects gender identity instead of gender-role related aspe
that established standards of psychological assessmenallypi (e.g., Bem, 1979; Spence and Buckner, 9008 Choi and
recommend using a larger number of items (e.BYhner, Fuqua (2003)suggest, inventories such as the BSRI Omay
2010. In the present article, we introduce a new, extended, butiot capture the complex and multidimensional nature of
still parsimonious scale, the Traditional Masculinity-Femity  masculinity/femininity.O Instead, Omasculinity and fénitiy
Scale, TMF, to bll this gap. Using a known-groups approach, wepuld be two higher order constructs, with each having its own
present two studies testing this measureOs reliabilitylaasits  subconstructs® (p. 873). Similar to other scales (e.gorRers
incremental and criterion validity, and we provide eviderioe  Attributes Questionnaire, PAQ, bypence et al., 19),5the
its convergent validity. BSRI appears to tap more speciPc constructs, often referred
We debne Otraditional masculinityO and Otraditiongd as instrumentality/agency and expressivity/communierg(,
femininityO as relatively enduring characteristics engassing Fiske et al., 2002; Abele and Wojciszke, }0®ather than
traits, appearances, interests, and behaviors that haweasculinity and femininity in general. For the present purposes
traditionally been considered relatively more typical ofraen it is important to note that if masculinity and femininity are
and men, respectively (adapting the debnitions provided byirectly measured they should load on one bipolar mascuinit
Constantinople, 1973 It is important to note that the focus femininity dimension.
of the present paper is on gender-related self-assessment.Another limit to the practical use of these established scales
Complementary research has investigated many dilerent aspegbertains to the generally small magnitude of gender dilerences
of gender, for example, gender-role norms (eAghenstaedt, found on these two dimensions (e.ddgaux, 198y In other
2000; Thompson and Bennet, 201Klocke and Lamberty, words, women and men appear rather similar on OmasculinityO
unpublished manuscript). and Ofemininity.O More recently, gender dilerences have not
In a seminal study on masculinity and femininitfpeaux emerged at all between graduates with the same major(sele,
and Lewis (1984hvestigated the perceived relationship betweer?000Q. In short, scales that have been developed to assess aspects
gender and gender-related components, such as role beBavi@f masculinity and femininity have recently failed to Pnchder
(e.g., head of household vs. takes care of children), traitdilerences (see als8czesny et al., 2004; Evers and Sieverding,
occupations, and physical characteristics (e.g., tall, dsroa2014. This could indicate that gender dilerences in masculinity
shouldered vs. soft voice, graceful). The researchers eshowand femininity are a thing of the past\(vesson, 1993However,
that these components were interdependent, impacting on oni¢ could also mean that the scales do not tap the most relevant
another, as well as on perceived gender and sexual orientaticaspects of the constructs on which gender dilerences continue
In other words, participants readily generalized from oneto exist. For example, gender roles have changed over the
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last decades, particularly womenOs roles, so that todayp@s wovomen and men as well as lesbhians/gay men from straight
possess more of the traits traditionally considered as memru people. Additionally, his study showed that instrumental and
(e.g.,Diekman and Eagly, 2000; Spence and Buckner, 2008xpressive traits were outperformed by these gender-related
Wilde and Diekman, 2005; Ebert et al., 2D1According to interests in predicting participants® gender. Consequently,
these Pndings, instrumental traits have become more d$pcialincluded gender-related interests in the TMF (instead of gend
desirable for women and expressive traits have become morelated traits). Finally, regardingttitudes and beliefsgender
socially desirable for mers{vazina et al., 20D4 di'erences have often been found, for example, with regard to
In order to overcome limitations of the discussed scalesigh attitudes toward minority groups (e.gsjdanius et al., 1994; Kite
have been attempts to measure other aspects of masculiniyd Whitley, 1995 We therefore also included self-assessment
and femininity to account for the multiple dimensions theyear of attitudes and beliefs in the TMF.
reRected in, such as physical appearance, behaviors, astitude One advantage of the TMF is that each of the mentioned
and interests (e.g.Spence and Buckner, 2000; Blashill andscale dimensions is measured on a global level and not by
Powlishta, 200 For example,Athenstaedt (2003pbserved various specibc indicator items. Dilerent from the instrument
considerable gender dilerences in everyday behavior such agscribed above, which infer masculinity-femininity frothe
Oputting Rowers on the deskO (feminine) and Oputting the metsgree of a"rmation of specibc traits and behaviors, the TMF
on the barbeque® (masculine), strongly suggesting thinoest  aims to directly assess masculinity-femininity. For example
importance of gender dilerences. Complementing these exgstinOTraditionally, my behavior would be considered as. . .(tl (
approaches, we suggest directly assessing the presumed-higlagrall masculingto 7 (very masculine We consider it an asset
order constructs, namely masculinity and femininity. Hoxge  of the scale that it is thus independent of specibc stereotype
instead of using only these two items, we constructed a fitale content regarding masculinity and femininity that depend on
can be tested empirically with regard to its reliability aradidity.  culture and time (e.g., intelligent and ambitious as maiseyl
childlike and shy as feminine, see BSRI; in the General Dssmus
Scale Construction we discuss how far this global conception can also be considered
We introduce the TMF scale, an instrument for measuringa limitation). The TMF consists of six items only: One for gender
gender-role self-concept. Appendix Al in Supplementaryole adoption (Ol consider myself as...O), one for gentier-ro
Material shows all items, both English translations andymral  preference (Oldeally, | would like to be. .. ), and four fodere
German wordings. Each item initially included in scalerole identity (OTraditionally, my 1. interests, 2. attiésdand
construction was selected based on theoretical considesgt beliefs, 3. behavior, and 4. outer appearance would be condidere
as outlined in the following. We argue that we can measure thas...O) in order to measure an individual®s gender-rdle sel
OcoreO of masculinity/femininity by referring to threetcdn concept in a parsimonious way. All of them have high face
aspects, identiped iyonstantinople (1973that we summarize validity. Each item is to be independently rated in terms of
using the term gender-role self-concept: Namely, gendks-ro femininity and masculinity. A 7-point-scale is used to gauige t
adoption, gender-role preference, and gender-role identityextent to which the participant feels feminine or masculinewh
Constantinople (1973debnegender-role adoptioas the actual feminine or masculine she or he ideally would like to be, and
manifestation (i.e., how masculine-feminine a person ad&is how feminine and masculine her or his appearance, interests,
her- or himself) andgender-role preferenas the desired degree attitudes, and behavior would traditionally be seen. Caunsitr
of masculinity-femininity (i.e., how masculine-feminiagoerson validity is tested in the studies described below. The TMF was
ideally would like to be). According tgagan (1964)gender-role used with masculinity and femininity as two unipolar dimeoiss
identity refers to a comparison of gender-related social normgStudy 1: 1pot at all masculingto 7,very masculineand 1 not at
and the gender-related characteristics of the individualg( all feminine to 7,very feminingvs. one bipolar dimension (pilot
how a person actually looks compared to expected gendestudy, Study 2; yery masculingo 7,very feminingin order to
typical appearances according to societal norms). Hence, faheck for dimensionality.
gender-role identity social comparisons as well as refagnc

to dilerent gender-related aspects are emphasized (e.g.sJook .
behaviors etc.), whereas gender-role adoption and preferenpverwelW of the Present Research

are based on non-relative, absolute statements. Follotting e validated the TMF in various ways. First, we conducted an
former approach, we use TMF as a reference point. Based ¢i§M analysis and a factor analysis. As suggested by Pndings
dimensions identibed as important in previous research, th&ported byBem (1979) Constantinople (1973)and Spence
TMF encompasses gender-role identity with regard to physicdlt @l (1975 see Introductory Section), the TMFOs items should
appearance, behavior, interests, and attitudes and bebegs, ( 0ad on one factor and tap a one-dimensional masculinity-
Deaux and Lewis, 1984; Athenstaedt, 008 mentioned, femininity construct. Hence, we expected the TMF to measure
physical appearaneeas shown to play a particularly large role & one-dimensional gender-role self-concept (Hypothesis 1).

in implicating other components of gender stereotypBsdux

and Lewis, 1984 Athenstaedt (2003advocated the inclusion Validation by Using the Known-Groups Approach

of gender-stereotypicdbehaviorsin addition to traits, so this Based on the idea that gender dilerences are not a thing of the
domain was included in the TMF as welippa (2008found that  past, as indicated in the introduction, a valid masculinityda
gender-relatednterestswere highly relevant in discriminating femininity scale should show these gender dilerences. Tioege
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we expected men and women to diler considerably on selfthese characteristics to show moderate correlations wighitMF
ascriptions on the TMF, with men being more masculine and leséHypothesis 7).
feminine than women (Hypothesis 2). Additionally, we expected the TMF to predict sexual
Moreover, a valid masculinity and femininity scale shouldorientation within one gender group better than other gende
show dilerences between people dilering in sexual orientationrelated scales. We assumed the TMF to outperform other gender-
The essence of gender stereotypes of straight women and mexated scales when predicting sexual orientation of wonmeh a
is that they conform to traditional gender roles (e.gife and men (Hypothesis 8).
Deaux, 1987; Kite and Whitley, 1996; Madon, 1997; Blaghdl a
Powlishta, 2000 Lay people expect straight women to be moreHypotheses Based on Criterion Validity
feminine and less masculine than lesbians, and straight tnen As indicated above, lay people use gender-typicality as an
be more masculine and less feminine than gay men. Similarljdicator for judging someoneOs sexual orientativieder et al.,
straight womenOs and menOs self-ascriptions are, on average 2010; Valentova et al., 201 People self-reporting gender-typical
gender-typed than those of lesbians and gay men (see metharacteristics are likely to be perceived as straight, edser
analysis by.ippa, 200% Bisexual women were found to score onpeople who do not display such characteristics are more likely
masculinity-femininity in between lesbians and straighimen o be perceived as lesbian or gay on pictures, videos, and speech
(Lippa, 200% Therefore, we used the known-groups approach agecordings. Hence, targets who are perceived as straighd cou
an established method for testing a scaleOs validity{e\giit ~ be those who self-describe as gender-typical in mascuinity
and Cramer, 2008 We expected lesbiansO self-ascriptions dgmininity ratings (Hypothesis 9).
the TMF to be less feminine and more masculine compared to Additionally, there is some evidence that voice pitch
straight women (Hypothesis 3a). Bisexual women should scoharacteristics, also called fundamental frequency featuof
in between (Hypothesis 3b). Additionally, we expected shiaig lesbians and gay men are shifted toward what is typical for
men®s self-ascriptions to be more masculine and less feminfiraight women and men. Generally, compared to straight
compared to gay men (Hypothesis 3c). women, straight men show voice pitches that are lower on
Because straight women and men conform to gender roledverage, in variability, and in range (e.gierrehumbert et al.,
more than leshians and gay men, comparing lesbians and ga{04; Munson and Babel, 200Average voice pitch has been
men constituted a stricter test of the TMF. Consistent withfound to be lower in straight compared to gay medagck et al.,
Hypothesis 2 and gender self-stereotyping but contradictory 201) and higher in straight women compared lesbia@s(np,
implicit gender inversion theoryKite and Deaux, 198&hich ~ 2009. Hence, we assumed gender-typical masculinity-femiginit
we turn to in General Discussion), we hypothesized lesbiabst Self-ratings to be reRected in gender-typical patterns oteoi
more feminine and less masculine than gay men (Hypothesis 4YRitch characteristics (Hypothesis 10).
The idea that di'erences in OcoreO masculinity and femininit  Furthermore, contact frequency of straight women and men
underlie dilerences in lesbians® and gay menOs vs. straigaow With lesbians and gay menis linked to attitudes toward theng
and menOs self-ascriptions in gender typicality can formally wank and Raiz, 20).0A lower contact frequency is connected
conceived as masculinity-femininity mediating the redaship ~ to more negative beliefs about lesbians and gay men. Onef beli
between sexual orientation and responses on scales suck as @0ut lesbians and gay men is that they transgress gends, rol
BSRI (Hypothesis 5). on average (e.dgite and Whitley, 199§ It thus seems plausible
that people who are more gender-typical themselves are those
who have less contact to lesbhians and gay men and hold more
Validation by Implicit and Explicit Gender-Related negative beliefs. Hence, we assumed gender-typical maisguli
Measures femininity self-ratings to be connected to more current tact
A common critique of self-report measures is that theywith straight women and men and less current contact with
could reRect dilerences in social desirability more thanuéfr lesbians and gay men (Hypothesis 11).
underlying dilerences in traits. Using implicit measuresyielg . L
on response-time dilerences, such as an Implicit Associatiof’YPotheses Concerning Test-Retest Reliability and
Test (IAT), may minimize this problemGreenwald et al., 1998 ~Predictive Validity
Implicit measures are assumed to assess the impulsive systdiilally, the TMF was expected to show at least moderate test-
Habitual, repeated, long-term associations between comcepg€test reliabilities given that people were re-invited aftéryears
(Strack and Deutsch, 20p4ncluding self-related concepts (e_g_,period (Hypothesis 12). From a scale validation perspective, it
Stelens and Schulze-Koenig, 2008Ve expected lesbians to is desirable to present analyses in which the predictor is truly
describe themselves more masculine and less feminine th&§sessed before the criterion. Therefore, we expected sit lea
straight women (Hypothesis 6). moderate predictive validity for other gender-related teas at
Adults® masculinity-femininity is related to (recalledhger ~Second measurement (Hypothesis 13).
conformity during adolescence (e.gsabr et al., 2003and
childhood (e.g.lLippa, 200® Thus, gender-role instruments for PILOT STUDY
assessing current traits and behaviors as well as recateteg
typical behaviors, preferences, and interests during chiddh The pilot study had two aims. First, we tested the factor strect
were also suitable for testing convergent validity. Wemeslall of the scaleOs version that contained six bipolar items. We
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assumed the TMF items to load on one factor (Hypothesis
1). Additionally, we wanted to determine the appropriatenes
of every single item by using an item analysis. Second, we

2

-+

b
assessed the scaleOs validity using a known-groups apprca(§
H D
(Hypothesis 2). O Men- } I o
Methods ‘ ! ‘ ! , ! ,
At the end of an online survey that had a dilerent purpose, 1.0 2.0 30 40 5.0 6.0 7.0
participants Plled in the 6-item version of the TMF (see Appendi TMF mean

in Supplementary Material) and indicated their gender (resgon
options: ma|e, fema|e, bOth, none, no response). Overall 319 IGURE 1 | Distribution of the TMF scores separately for men ( n = 118)
participants Pnished the study. Thirteen of them were exalude| 2" Wemen (n = 188)in the pilot study. The lines in the bars represent

f further analvsis because thev described themselvesths medians and bars indicate the range between 75th and 25th perentile. Error
rom fu y . Yy . . . bars show the range of masculinity-femininity scores for no-outliers. Dots
male and female or neither or they did not disclose their gamd | represent outlying values (1.55D above/below median).

Data from 188 women and 118 men were used for analysis:
Their age ranged from 18 to 4IM( = 23.6,SD = 3.1).

They were students of di'lerent majors from dilerent German

universities. (specibcqlly, in. Thuringia). Participantsgieed N0 yvery small (sedigure 1). According to Kolmogorov-Smirnov
compensation for participation. Approval for all studies reparrte garistics, the TMF scores were normally distributed for men
in this paper was obtained by the board of ethiesh(iman (Z = 0.99p = 0.28) and womenZ = 0.78p = 0.58). Predicting

subjects committee) of the School of Humanities and Socigjenger by the TMF scores in a logistic regression analysis was
Sciences at the Friedrich-Schiller-University of Jena. tiies g0, accurated =4.43,SE= 0.69,"2, = 41.38p < 0.001;
. Il . Il 1 . ) . )

were carried out in accordance with its recommendations$hwi

. : . e . Nagelkerke® = 0.92; Model' 2, = 347.87p < 0.001].
written informed consent obtained from all participants in ) .
accordance with the Declaration of Helsinki. Taken together, conbrming Hypothesis 1, we found that the

TMF tapped a one-dimensional construct which is in line with lay
Results ascriptions and previous Pndings regarding the items maseuli
and feminine. All factor loadings were similat (< 0.1), so that
an unweighted additive overall score was justibBdr{z and
Sring, 2006. Its single items represented the overall scale very
ell and were strongly connected to each other. Hence, mo ite
had to be excluded due to low item-specibc homogenéity iz

individuals, the overlap between men®Os and womenOs scores was

In order to check for one-dimensionality of the TMF, an
exploratory principal axis factoring (PAF) was conducted. Slam
adequacy was conbrmed by a Kaiser-Meyer-Olkin (KMO
criterion of 0.87. All items were suitable for factor anatyas
indicated by item-specibpc KMO values).79 and moderate to L . -
high commonalities (0.5790.88). According to a graphicalesc and DSring, 200_91 I\/_Ior_eover, conbrming Hypothesis 2, the TMF
plot analysis, a one-factor solution was conbrmed. There waLas showp to discriminate between women and men at the scale
a steep decline of explained variance from factor one (77%) t%nd at the item level. Therefore, we kept all items in the TMF.
factor two (10%). Each of the six items was represented well by
the factor (factor loadings ranged from 0.75 to 0.94). STUDY 1

Reliability of the TMF was high (CronbacHOs 0.94). As
indicated by the coe"cients inTable 1, no items needed to be The aim of Study 1 was to test the one-dimensionality, reliigbhi
deleted to improve reliability. Item-speciPc homogeneityswaand validity of the TMF. We used a known-groups approach,
high and ranged from 0.66 to 0.72 (s@able 1). Corrected with lesbians, bisexual, and straight women, to assesshvdiic
item-total correlations ranged from 0.72 to 0.91, suggestihat  several gender-related scales is best in dilerentiatingveen
each item represented the scale well. Moreover, item meatisese groups. In addition to the TMF, we used the BSRI as the
ranged from 0.51 to 0.59. Accordingly, every item receivedold standard in gender-related assessment. However, see al
almost equal masculinity and femininity ratings, indicagithat used the Gender Role Behavior Scale (GRBenstaedt, 2003
averaged across the sample containing women and men, iteraad a newly created measure of childhood gender conforragg (
received OandrogynousO responses, as one would expect. Wkgmendix in Supplementary Material). Moreover, an Implicit
computing item Odi"cultiesO separately for each gender grougssociation Test (IAT,Greenwald et al., 1998wvas used to
Pndings pointed in the expected directions: ODi"culties@eah measure implicit associations of self with masculine vsiriara.
from 0.18 to 0.35 for the male sample, indicating OmasculineOWe assumed that the TMF would reRect a one-dimensional
responses, and from 0.60 to 0.85 for the female sample, indicati masculinity-femininity construct (Hypothesis 1). Furtheome,
OfeminineO responses. we expected that on each measure, straight women would score

We found the expected bimodal distribution of the TMF higher on femininity and/or lower on masculinity as compared
scores. Men and women dilered signibcantly in terms of theto lesbians (Hypothesis 3a). Bisexual women should score in
scale meanMmae = 2.56 SD = 0.80), Mfemale = 5.28 6D between (Hypothesis 3b). Additionally, on an IAT (see below
= 0.76),t304) = ! 29.83,p < 0.001, and on every item, all for details), we assumed straight women to associate mdre wi
tspe7y>! 10.41, alps < 0.001. With the exception of two outlier feminine and less with masculine than lesbians (Hypothekis 6
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TABLE 1 | ltem Characteristics of the TMF in the Pilot Study for

the Whole Sample (left-hand values,

n = 306) and Separately for Men (middle values,

n = 118) and Women (right-hand values, n = 188).
Corrected item-total  CronbachOs ! if Item Item Factor
correlation item is deleted means homogeneity loading

1. | consider myself as E 0.91, 0.67, 0.63 0.91,0.79,0.76 0.56,0.23,0.77 0.78,0.51,0.46 0.94,0.80,0.76
2. Ideally, | would like to beE 0.87,0.51, 0.56 0.92,0.81,0.77 0.55,0.20,0.76 0.76,0.42,0.42 0.91,0.67,0.74
3. Traditionally, my interests would be considered asE 0.770.65, 0.56 0.93,0.77,0.77 0.51,0.30,0.63 0.69,0.45,0.41 0.84,0.76,0.71
4. Traditionally, my attitudes and beliefs would be consided asE 0.72,0.61, 0.67 0.94,0.80,0.74 0.51,0.35,0.60 0.66,0.45,0.45 0.81,0.74,0.80
5. Traditionally, my behavior would be considered asE 0.850.73, 0.67 0.93,0.77,0.74 0.52,0.30,0.66 0.75,0.49,0.45 0.90,0.83,0.79
6. Traditionally, my outer appearance would be consideredsE 0.83, 0.45, 0.26 0.93,0.82,0.82 0.59,0.18,0.85 0.72,0.35,0.21 0.88,0.61, 0.39

Scale ranged from 1NOvery masculineO to 7NOvery feminine.O

Gender-related measures should be correlated with eacér othA person considering herself feminine should be able to react
(Hypothesis 7), and scores on each measure should predigster in the self-feminine/others-masculine than in thelfs
sexual orientation. We also tested the incremental validitthe  masculine/others-feminine task.
TMF over the other measures. The TMF should predict sexual We labeled one dimension for the IAT Otypically feminineO
orientation better than other gender-related scales (Hjests vs. Otypically masculine.O The associated attributes faesen
8). Finally, the TMF should measure a higher-order factomwerefeminine, females. masculine, malén German:feminin,
OcoreO masculinity-femininity that mediates elects of aexuweiblich; maskulin, mSnnlickeeStelens et al., 2008The other
orientation on other gender-related scales (HypothesisI). dimension was OselfO vs. Oothers.O The stimuli on thasidimen
women diler in masculinity-femininity based on their sexual were synonyms of the superordinate concepie( selfvs.you,
orientation, indirect elects of the more specibc masculinity others in German:Ich, Selbst; Du, AndéreParticipants were
femininity related measures via the TMF on sexual orientatio informed that concepts would be displayed throughout at the
should be observed. top left or right screen corner. Their task during the IAT widu
be to sort words belonging to these concepts by pressing the

Method respective response key on the left or right as quickly as dessib
Participants A stimulus word would appear (e.g., feminine) after which
Participants were 126 women from Germany and Luxembourgarticipants would respond by pressing the appropriate key (e.g.,
who took part in the study, voluntarily without compensation. left for typically femining The word would then be replaced by
Their age ranged from 19 to 47 yeald & 31.13,SD= 8.52). the next stimulus (e.gme). Participants would again select the
Participants were recruited either at the University of Toelby  appropriate key (e.g., left farelf). Each crucial, combined task
a snowball technique. Given their scores on a Kinsey-likdesc consisted of four blocks of 62 trials. The order of the eigimati
they were divided into three groups of 47 straight women (i€yns was randomized within each block, and the same eight stimuli
scores: 6D7), 32 bisexual women (3D5), and 47 leshians (1®@&re presented over and over. The reaction-stimulus interval
Most of the women were well educated, with 50% possessivgas 200 ms. Missing reactions and errors led to an appropriate
university entrance qualibcations and 40% holding a umsiter visual feedback (e.g., in case of errors, F! was shown fangD0
degree. Withl = 0.05 andN = 126, based ocohenOs (1977) Participants received feedback on errors and reaction tiafies
conventions, medium-size regression coe"cienf$ € 0.35) each block (e.g., given 10% errors or more: OYou committed
could be detected with a statistical power of # = 0.95in a many errors. Please react more slowly and more correctly.O)
multiple linear regression with six predictor84ul et al., 2007 The IAT elect was computed similar to the IAT D elect

. (Nosek et al., 20Q5except that no Oerror penaltyO0 was
Materials used, seéstelens et al., 2008 Specibcally, the reaction time
Implicit association test dilerence between the self-feminine/others-masculine dhel
In essence, IATs comprise two combined tasks in which stimulelf-masculine/others-feminine task was computed anddeii
that belong to four concepts are mapped onto two responsesy each individualOs standard deviation across both tasks. In
in diterent ways. IATs are based on the following idea: Iforder to avoid artibcially high scores obtained with verydon
someone is able to react relatively fast when two conceptgales, internal consistency was estimated based on thegave
share a response, these concepts appear to be associatedrd@ition time dilerence in reaction to each of the eight stiinu
that person. In detail, stimuli were presented that represenfn other words, the IAT was treated as an eight item scale
the conceptsself, others, femininend masculine In one task, (following Stelens and Buchner, 2003l internal consistencies
stimuli representingself or feminine required one response, are presented ifable 2
and stimuli representingthersor masculinaequired the other
response (e.g., left vs. right key press). In the other taskukt Bem sex-role inventory
representingelfor masculingequired one response, and stimuli We translated the English short version of the BS®irf, 197
representingothersor feminine required the other response. into German. It consisted of 30 items, 10 for the Masculinitpl®
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TABLE 2 | Internal Consistencies (Cronbach®s !, with number of items) feminine or masculine behaviors (GRBthenstaedt, 20Q%.g.,
and Correlations between Measures in Study 1. Owatch soap operas,O Ochange light bU|bSO).

Alpha TMF BSRI BSRI GRB GRB CGRB CGRB IAT

(tems) 'M 'F M I'F IM 'F IM effect Procedure

Participating students were tested at the University of Tiea
TMF-F 0.90(6)! 0.85 042 ( 0.07) 041 1051 071 1065 030  [abcubicle equipped with aniMac. The participants recruitesl vi

TMF-M  0.89 (6) 1030 (0.17)10.37 044 ! 060 057 '028  the snowball technique were tested individually in theimtes
BSRI-F  0.83 (10) (0.08) 0.40 ( 0.06) 0.21 ¢ 0.11) 0.18 or o"ces (as they wished) using an iBook. The instructions, the
BSRI-M 0.78 (10) (0.05)  (0.12) (0.01) (0.06) 0.24 implicit tests, and the questionnaires were presented byfa sel
GRB-F  0.87 (29) (011) 040!025 o018 composed HyperCard computer program. Initially, participants
GRB-M 0.83 (23) 1048 047 ¢ 010) were asked to report their age, educational background, ered s
CGRB-F 0.88 (5) 1090 0.31 of hometown. Then, they started with the IAT. IAT task order
CGRB-M 0.88 (5) 1031 was held constant because of the correlational nature of the
IAT effect 0.93 (8) study (see e.g3anse et al., 200for discussion). All participants

- | o N did the self-masculine/others-feminine task prst. Aftee tAT,
All correlations are statistically signibcant at " 0.05 except for those in parentheses. . . . . .
Abbreviations: TMF, Traditional Masculinity-Femininity; BSRI, Be®ex Role Inventory; the ql'_IeStlonna.”’es. were p.resented in the order describetién t
GRB, Gender-Role Behavior; IAT effect: Differences in the imiti association test (A7)~ Materials SectionNaccordingly, data for the TMF was cobelct

between the self-masculine/others-feminine and the self-femine/others-masculine task.  before all other scales. Finally, participants were delatiefe
Endings indicate masculinity!( M) und femininity [ F) scales. Higher scores indicate higher thanked
masculinity on masculinity scales and higher femininity on feminity scales. ’

(e.g., self-reliant, ambitious), 10 for the Femininity Bcée.g., Results

warm, tender), and 10 neutral items with a 7-point scale ametlo  In all analyses in the present article, signiPcance tests were

1 (never appliggo 7 (always appligsParticipants were asked to conducted with! = 0.05 and all statistical analyses were done

rate the extent to which the given traits were adequate teriles  with SPSS 22. One might suggest that all other scales in@udit

them. to the TMF used in the present research should also be submitted
. o o to factor analyses. However, commonalities of several ahthe

Traditional masculinity-femininity were too low for conducting conbrmatory factor analyses. To

The TMF was used as described in the Section Scale CO”S“UCtiFHustrate, in Study 2 we observed GRB-MQ.01) and GRB-F

with two unipolar dimensions, masculinity and femininityZ1 (0 .10). Therefore, means of all established gender-retataids

items overall, see Appendix in Supplementary Material). were computed according to the scalesO theoretical basis as

Childhood gender role behavior (CGRB) suggested by their authors.

Five items were used with a 7-point-scale in order to measure .

whether participants remembered to have been rather femininE Ctor Analysis ) i .

during childhood, or rather typical girls, or not (see Appendix " Order to check for one-dimensionality of the TMF, an
A2 in Supplementary Material). For example, we asked wheth&xploratory PAF - with oblique rotation (oblimin: 0) was

they had played with girls and girls® games, and whether gy H-onducted for all 12 items. Sample adequacy was conPrmed
liked wearing skirts and dresses. by a KMO criterion of 0.86. All items were suitable for factor

analysis as indicated by item-specibc KMO valu€s77 and
Sexual orientation moderate to high commonalities (0.50D0.80). Severalanalis

As indicated in Section Participants, participantsO sexu@le in line with the same one-factor solution as in the Pilot
orientation was assessed using participants® responses onShly and in Study 2 below. According to a graphical scree-
item: ORegarding sexual orientation, | identify as ...O (onPépt analysis, a one-factor solution was conbrmed. There was
Kinsey-like scale, from legclusively lesbijrio 7 (exclusively @ steep decline of explained variance from factor one (61%)
straigh). This was also the brst item of a translated version of théo factor two (12%). Moreover, the factor matrix showed a
Assessment of Sexual Orientation Scéleléman, 1987 Several strong Prst factor suggesting all items to measure somgthin
additional items were originally used (sexual behaviondge similar.

of partner and ideal partner; sexual fantasies, and emotional An alternative conbrmatory factor analysis with one factor
bindings). To be consistent with Study 2, we used only théeplicating the Pndings of the Pilot Study yielded an overall
prst item to group participants as lesbians (scores 1D2xuzise €xplained variance of 57.80% and showed all items to
women (scores 3D5), and heterosexual women (scores: 6@7). ad highly on that factor (positive loadings for femininity
prst item also correlated highly with the overall scale (0.95), items: # 0.70; negative loadings for masculinity itents:

corroborating the decision to use only one item. I 0.67). Taken together, a one-factor solution was indicated
Factor, pattern, and structure matrix for the exploratoryttac
Gender role behavior scale analysis and factor loadings for the conbPrmatory factor ysial

Participants rated themselves on a 7-point scale ranging ftomcan be found in Table B1 in Appendix B in Supplementary
(not at all typica) to 7 (very typicdl on 52 everyday typically Material.
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Group Differences Predicting Sexual Orientation

Table 3 shows overall scale means, average scores for edaohorder to test whether lesbians, bisexual, and straightneo
sexual-orientation group, and statistical tests. As expkectewould be classiped correctly based on the dilerent measures
lesbians scored lower on TMF femininity and higher on TMFof masculinity-femininity, we carried out an ordinal regsgon
masculinity than bisexual or straight women. All dilerencesanalysis. As predictor variables, the masculinity and feniiyi
between groups were statistically signibcant (based one@Bch scores of BSRI, GRB, and CGRB were entered. In addition, TMF
test), except that bisexual women did not score signibcantlytal and the IAT elect were used as predictors. The overall
higher than straight women on masculinity. On the BSRImodel was statistically signiPcaritg = 72.01,p < 0.001,

no signibcant dilerences between groups were obtained. INagelkerke@® = 0.49. The signibcant predictors were TMF
contrast, regarding gender-role behavior and childhooldawor,  total scoresB = 1.17,SE= 0.27," 2(1) = 19.30,p < 0.001]
expected dilerences between lesbians and straight women wesied masculine everyday behavioB F ! 0.69, SE= 0.27,

obtained. Similarly, the implicit association of self wigmfinine " 2(1) = 6.65,p = 0.01]. None of the other predictors was
was stronger in straight women than lesbians, conbrmingignibcantps > 0.21. Thus, based on their self-assessment on
expectations. the TMF as masculine-feminine and based on the masculine

everyday behaviors participants said they carried out, tloeydc

. ) be classibed quite well as lesbians, bisexual, or stra@hew.
Bivariate Correlations

Table 2 shows bivariate correlations, along with internal

consistencies. Internal consistencies of all measures wevlediation Analyses

excellent, with the lowest score obtained for BSRI masdulini Based on the regression approach suggestetidyes (2013)

A noteworthy correlation was a strong negative one betweewe tested whether there are indirect elects of the BSRI
the TMF factors masculinity and femininity, suggesting tlaat and GRB dimensions on sexual orientation via the respective
one-dimensional measure could be su'cient. In line with the TMF dimensions. Because this approach needs a continuous
large negative correlation, people who judged themselves dependentvariable, in contrast to all other analyses in tles@nt
Omoderately feminineO (i.e., ticked the value 4) tendets®o apaper, we did not use the classiPcation as lesbian, bisexual,
judge themselves as Omoderately masculineO (i.e., tiagaoht  or straight in this case, but the continuous Kinsey-like scal
Hence, we recoded all masculine items and then averaged wlith scores ranging from 1 to 7igures 2 3 summarize the
items of the TMF to obtain a supplementary measure, TMHAPndings. Statistically signibcant elects of BSRI feminimity
total. TMF masculinity and femininity correlated in the exped =~ GRB femininity on TMF femininity were observed, and also of
direction with all other measures except for BSRI masculinityGRB masculinity and of BSRI masculinity (by trend) on TMF
BSRI masculinity did not correlate signibcantly with anyeth masculinity. TMF masculinity and femininity were relatedthwi
measure, suggesting that it measured something dileremhfafl  sexual orientation in expected ways (in line with the Pndings
other measures of masculinity in the study. All other caatigins  reported in Table 3. Bootstrapping analyses, using 10,000
were in the expected direction. Of particular interest, thelitit ~ Bootstrap re-samples, demonstrated that the indirect elects of
association of self-feminine correlated positively with TMFBSRI femininity, GRB femininity, and BSRI femininity on sexual
femininity and negatively with TMF masculinity, as expectedorientation via the TMF were statistically signibcant (iremne
Similar, but somewhat weaker relations were obtained batwe of the bias-corrected 95% conbdence intervals included .

the IAT and most other measures. indirect elect of BSRI masculinity via TMF masculinity missed

TABLE 3 | Overall Scale Means (with SD) and Means per Group, with Statistical Test of Difference (al | df = 2, 123; with effect size; Tukey HSD) and
Correlation with the Sexual Orientation Scale in Study 1.

M Lesbians (n = 47) Bisexual women ( n = 32) Straight women ( n = 47) Group differences ( R%)
TMF-F 4.24 (1.35) 3.20 (1.05) 4.47 (1.00) 5.13 (1.12) F=40.19,p < 0.001 (0.40) L< B < S
TMF-M 3.49 (1.22) 4.36 (0.90) 3.24 (1.02) 2.78 (1.09) F=30.31,p<0.001(0.33) L>B=S
BSRI-F 5.24 (0.75) 5.09 (0.71) 5.38 (0.85) 5.30 (0.69) F=1.63, p=0.19,ns
BSRI-M 4.67 (0.73) 4.69 (0.75) 4.72 (0.83) 4.61 (0.65) F<1,ns
GRB-F 4.38 (0.85) 4.16 (0.80) 4.45 (0.83) 4.57 (0.89) F=294,p=0.06 (0.05L<S
GRB-M 4.22(0.86) 4.73(0.79) 4.09 (0.83) 3.78 (0.68) F=19.29,p <0.001 (0.24)L>B=S
CGRB-F 3.97 (1.63) 2.93(1.55) 4.28 (1.37) 4.79 (1.30) F=21.40,p <0.001(0.26) L<B=S
CGRB-M 4.29 (1.52) 5.24 (1.54) 3.98 (1.25) 3.56 (1.16) F=19.93,p <0.001(0.25)L>B=S
IAT effect 0.67 (0.31) 0.59 (0.31) 0.65 (0.31) 0.76 (0.30) F=3.81p<0.03(0.06)L<S

All scales theoretically range from 1 to 7, except for the IAT effethat is similar to an effect size of the stronger self-feminine as opposeto self-masculine association. Abbreviations
of tests: TMF, Traditional Masculinity-Femininity; BSRI, Bem Sex Roleventory; GRB, Gender-Role Behavior; IAT effect: Differences inetimplicit association test (IAT) between the
self-masculine/others-feminine and the self-feminine/othrs-masculine task. Endings indicate masculinity (M) und femininity ( F) scales. Higher scores indicate higher masculinity on
masculinity scales and higher femininity on femininity scale8bbreviations of groups: L, Lesbians; B, bisexual women; and S, straightomen.
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Indirect effect: B =0.67 (SE = 0.14), 95%-CI: 0.40 to 0.95

orientation by the TMF.

Indirect effect: B =-0.23 (SE =0.13), 95%-CI: -0.44 to 0.01

FIGURE 2 | Mediation of the relation between BSRI and sexual

[ TMF | TMF
/ femininity / femininity
0.42 (0.08)" 1.60 (0.17)" 0.41 (0.08)" 1.50 (0.16)"
S e
BSRI -0.38 (0.17) Sexual GRB -0.14 (0.17) Sexual
femininity orientation femininity orientation

Indirect effect: B =0.61 (SE =0.15), 95%-CI: 0.35 to 0.93

TMF TMF
/ masculinity / masculinity
0.17 (0.15)" -1.34(0.16)" 0.44 (0.08)" -1.03(0.17)'
™~ ~
BSRI 0.13 (0.16) Sexual GRB -0.66 (0.17)" Sexual
masculinity orientation masculinity orientation

Indirect effect: B =-0.45 (SE =0.11), 95%-CI: -0.69 to -0.27

FIGURE 3 | Mediation of the relation between GRB and sexual

orientation by the TMF.

the preset criterion of statistical signiPcance. Only onedi

behavior, nor the self-feminine association contributethtead,

elect was signiPcant in addition to the indirect elect: Whesea conPrming Hypothesis 8, masculine everyday behavior and
all other bndings were in line with the interpretation of full the TMF were able to predict participantsO sexual orientation
mediation via the TMF, masculine everyday behavior was stifery well, attesting to the usefulness of two rather new
related to sexual orientation when the TMF was included in theconceptualizations of measuring masculinity and femirnyinit
equation. This suggests that the TMF mediated the relatipnsh ~ Mediation analyses were in line with the idea that feminine

between sexual orientation and masculine behavior onlyigirt ~ traits and feminine everyday behavior diler by sexual orarin
because of a globally more feminine gender-role self-qaince

This conbrms Hypothesis 5. Masculine traits also tend to
diler by sexual orientation because of lesbians® globallg mor
asculine gender-role self-concept. Further, masculimeyelay
Jehavior also dilers by sexual orientation because of lesitia
obally more masculine gender-role self-concept, but aair
elect of masculine behavior on sexual orientation remain&d.
speculative explanation for the latter Pnding is that it mayeled
partly on the gender of oneOs relationship partner which betsavi
one carries out. For example, given that couples typically divid
housework in ways mirroring traditional gender roles (e@yoft
t al., 2014; Stelens and Viladot, 2();1a woman considering
erself rather feminine may mow the lawn more often when shei
in a relationship with a woman than with a man. In other words,
in addition to personal preferences, the presence or absence of
her-gender people in the household who choose to take care
certain chores may determine which chores one does (i.e.,
typically male everyday behaviors if no man is around).

Summary of Findings

In Study 1, we found that the reliabilities of both the fenmiity
and the masculinity subscales of the TMF were high. Moreove
they correlated so strongly (in a negative way) that one ma
also conceive of the scale as one-dimensional, ranging fro
masculinity to femininity. We found several pieces of eviden
for the validity of the scale. First, it correlated in the ecisel
directions with all other measures of masculinity and feimity
that we used, except for BSRI masculinity, which largely casbr
Hypothesis 7. Feminine traits as well as masculine and femaini
behaviors can be predicted quite well from scores on th
TMF. The strongest correlations were obtained with selédat
childhood gender conformity. Notably, conDrming Hypotlesi
6, correlations with an implicit measure of oneOs self-fierin
vs. self-masculine association were in the expected order 8¥
magnitude (e.g.Hofmann et al., 200band higher than those
of the implicit measure with any of the trait or behavior self-
ratings. Additionally, the TMF was related to participants@aie
orientation more strongly than any other measure (see ANOVASTUDY 2

results inTable 3, with lesbians reporting lower femininity and

higher masculinity than bisexual or straight women (confitgn  The aim of Study 2 was to replicate and extend Study 10s
Hypothesis 3a and b). When predicting participants® sexuahdings. We used data of a research project on social perception
orientation from the masculinity and femininity measures,As in Study 1, we used a known-groups approach, this time
neither feminine, nor masculine traits, nor feminine evday contrasting lesbians, gay men, and straight women and men.
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With the exception of small adjustments, gender-relatedesca Materials
were identical to Study 1. However, this time we used a dilérenThe same measures as in Study 1 were used in the following
adjective-based instrument than the BSRI, namely the GEPA@anner. Because the femininity and masculinity subscdléseo
the German version Hunge et al., 19§1of the Extended TMF were highly correlated, as were subscales of the Childihoo
Personal Attributes QuestionnaireéSpence et al., 19¥.8For Gender-Role Behavior Scale, they were combined to form one
determining criterion validity, we also focused on otheatiges.  dimension each [TMF: 1very masculingto 7 (very femining
Participants were instructed to provide information regargi CGRB: 1 [ strongly disagrée5 (I strongly agrégé Thus, the
frequency of contact with lesbians/gay men and straight peoplé-item-version of the TMF was used. High values on CGRB
Moreover, characteristics of participantsO voice pitch wenedicated a high degree of gender conformity. Gender Role
collected as well as evaluations from independent judges dBehavior was assessed with a 6-point-scale this time andisexu
whether participantsO voices sounded straight or gay/leahin orientation was measured with one item on a 7-point Kinsey-
whether their faces looked straight or gay/lesbian. In order like scale [(ORegarding sexual orientation, | identify.&%;.1
determine the TMFOs test-retest reliability, we re-invitede (exclusively lesbian/gay? (exclusively straigfjt Moreover, we
participants after 1 year (for female participants no contadada included the following measures.
were available).
We expected highest masculinity/lowest femininity score&serman extended personal attributes questionnaire
for straight men, followed by gay men, lesbians, and sttaighVe used the German versiorR(nge et al., 1981of the
women, implying lowest masculinity/highest femininity for Extended Personal Attributes Questionnair&€pénce et al.,
straight women (Hypotheses 2, 3, and 4). We expectetl979. It consists of two independent scales measuring gender-
gender-related characteristics to correlate moderateti the related personality traits. The instrumentality scale (BRP
TMF (Hypothesis 7) and we assumed the TMF to predictM) contained eight items describing behaviors more socially
sexual orientation better than the other gender-relatedless desirable for men (e.g., independent), the expressiveness sc
(Hypothesis 8). Furthermore, we assumed that participante wit(GEPAQ-F) comprised eight items more socially desirable for
higher gender-conform scores on the TMF would report lessvomen (e.g., emotional). Participants were instructed théate
contact with lesbians and gay men (Hypothesis 10), wouldn a 5-point Likert-type scale (& non independent/not
show rather gender stereotypical voice pitch charactesistiemotional, 5= very independent/very emotional) the extent to
(Hypothesis 11), and would be more likely to be rated asvhich they felt each item described them.
straight (Hypothesis 9). A moderate 1-year reliability was
expected (Hypothesis 12) as well as a moderate predictit@ontact measures
validity for the second measurement of gender-relatedufest In order to estimate the composition of participants® social
(Hypothesis 13). environment, we measured current contact to same-gender
lesbian/gay and straight people with one item each. The
participants should Oindicate how often you have contact to
Method homosexual and heterosexual women/menO on a 7-point scale
Participants ranging from 1 fevej to 7 (always.
Overall 111 German participants attended the study at the prst
measurement point. Their age ranged from 19 to 30 yeldlrs=(  Voice pitch characteristics
24.2,SD= 2.5). Participants were recruited at the UniversityTo describe participantsO voice pitch (i.e., the auditoretaig of
of Jena, the Technical University of Berlin, and on lesbiap/gafundamental frequency) distributions in spontaneous speeeh,
dating websites. Based on their Kinsey-like scale scofes, Gsed three measures. Mean fundamental frequency (fO) iteica
participants who rated themselves as bisexual were excluoled f the average voice pitch, fO standard deviation is a measure fo
further analyses because of the small group size. Among thwice pitch variability, and fO range is used to evaluate voice
remaining 96 participants, there were 24 lesbians (Kinsegesco pitch range. For computing fO range, we computed the dilerence
1D2), 21 straight women (6D7), 25 gay men (1D2), and 26traifpetween the fO 97.5th percentile (estimator of the upper voice
men (6D7). Most participants were well educated, 60% possesspitth boundary) and fO 2.5th percentile (estimator of the lower
a university entrance qualibcation and 35% a universityeeg voice pitch boundary).
As apost-hocpower analysis indicated, given the sample size
and! = 0.05, between medium (0.25) and large (0.40) elects dPerceived straightness
f = 0.35 could be detected in thed22 ANOVAs below with a  ParticipantsO voices, facial photographs, and the combisaifo
statistical power of 1 #= 0.95. both voices and faces had been rated as either Oheterd@exual
A total of 37 men attended the post-test. According to theiror OhomosexualO by 101 judges (65 women, 31 me age
Kinsey-like scale scores 18 identibPed as gay (1D2) and 1928s0), participating in a dilerent study (for details see Kdche
straight (6D7). Between those attending the post-test ansgeth et al., unpublished manuscript). To receive a relative measur
who did not, merely one dilerence was signibcant after adijust of OheterosexualO judgments, all OheterosexualO respoases w
the signibcance level for multiple tests. The retest-greygorted summed for each participant and divided by the number
less contact with straight men during the brst data coltecti of judgments. Hence, higher scores indicate higher perdeive
[Mretest= 5.76 Mo retest= 6.53ta9.47y= 3.33,p= 0.002]. straightness.
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Procedure Differences on Gender-Related Scales Based on
At Pbrst measurement, participants Plled out an onlineGender and Sexual Orientation
guestionnaire in which all psychological and sociodemogi@ph Which of the gender-related instruments are able to predict
characteristics were collected. The order of psychological personOs gender and sexual orientation? In order to answer
instruments was TMF, CGRB, contact to girls and boys duringhis question, for all gender-related instruments sepagate 2
childhood, GRB, GEPAQ, Kinsey-like scale, and Pnally ctirrerANOVAs with the two between-subject factors gender and sexua
contact to same-gender lesbians/gay men and straight peoplwrientation were computed. Simple-e!ects tests with Bonfeiron
In the second step, they were invited to a speech lab to providsdjustment were addedlable 4 shows main and interaction
recordings of spontaneous spoken speech and text reading el®cts as well as mean scores for all gender-related instntsne
well as a photograph of their face. The sampling of womemeparately for leshians, straight women, gay, and straigint m
took place in a phonetic laboratory in the Center of General On the TMF, we found an interaction of gender and sexual
Linguistics in Berlin and was done by a female investigatorientation, Ry g2y = 21.42p < 0.001,$S = 0.19, as wellas a
whereas the sampling of men took place at a phonetic laboratopain elect of genderFy g2 = 100.54p < 0.001,$2 = 0.52.
of the University of Jena and was done by a male investigatogoth elects explained more variance in the TMF than in all other
Voice pitch characteristics were measured on the basis @fender-related instruments in this study. Because sttaigimen
spontaneous speech. In the last step we asked 101 judges to 1@ men conform to gender roles more than lesbians/gay men,
speech recordings, facial photographs, and the combination @tronger gender dilerences should be expected between btraig
both dichotomously regarding sexual orientation for aranty  \women and men than between lesbians and gay men. Hence,
selected subset of 18 lesbians, gay men, straight women, afhparing leshians and gay men constituted a stricter test of
men, respectively (Kachel et al., unpublished manuscripth| scales. Although the TMF mean dilerences between straight
For the rating of speech recordings, we used the same regghmen and men were more distincAM = 2.85), lesbians and
sentence for all target persons (Olt has been quite a lonQ dayay men signipcantly dilered, toaXM = 1.05). In short, the
German: Oer Tag ist sehr lang gewordep.in order to hold TMF showed the expected mean dilerences between all groups, it
the conditions constant for every target and to control fblet \as the only scale in this study that was able to detect dileesn
phonetic composition of the utterance. between leshians and gay men, and it showed the largest mean
Male participants were re-invited after 1 year to the phonetiyjierence between straight women and men.
|ab0rat0ry of the UniVerSity of Jena. Before Speech I’ecordil’lgs Furthermore, the TMF dilerentiated the groups as expected
they were asked to Pl out an online questionnaire contajnin (seeFigure 4). Lesbians and straight women were on average
several gender-related scales including the 6-itemsoreddithe clearly located on the scales side that is associatedmiitinfey
TMF, the GEPAQ-M, and the GEPAQ-F. (scores> 4) and gay and straight menOs mean values were
connected to masculinity (scores 4). Additionally, the TMF
was best in predicting gender on the basis of scale scores
as can be seen ifiable 5in which results of binary logistic
regression models for all gender-related scales are shawrec@
gender classibcation rate for the TMF was 80%. Almost identical
) percentages of women and men were correctly classibed.
Factor Analysis Compared to all other measures under investigation, the TMF
In order to test whether the TMF scale is one-dimensional, ajeemed to be the most precise instrument to dilerentiate betwe
explorative factor analysis with PAF was conducted. It re@iga \yomen and men regardless of their sexual orientation.
all Pndings of the pilot study. In detail, a KMO criterion of

0.86 indicated that the sample was appropriate. All items Werﬁeplication of Findings from the Female Sample

suitable for factor analysis (item-specibPc KMO valu€3.81; Group dilerences in women®s sample
commc_)nalltles:0.54DO.83)._Accordlng to a graphical splate- Regarding TMF, group dilerences in womenOs sample were
analysis, a one-factor solution was conbPrmed. There wasep st already mentioned above. As in Study 1, straight women

decline of explain.ed variance from factor one (71%) t(.) falCtoﬁlescribed themselves as more feminine compared to lesbians o
two (.13%)' Each item was represented very well by this faCt?ﬁe GRB-F. However, in contrast to Study 1, other gendertedla
(loadings>0.73). scales (GRB-M and CGRB) were not able to dilerentiate women

An additional exploratory factor analysis with PAF of regarding their sexual orientation (se&able 4. Means were

_par_ticipants at se_cond_measurement replicated the IDndinq?articularly close together for adjective-based gendited
indicating a one-dimensional factor structure. In detailKMO '\nstruments such as the GEPAQ.

criterion of 0.76 indicated that the sample was appropriate. Al
items were suitable for factor analysis because of itemHspec
KMO values>0.69 and moderate to high commonalities (0.42EBivariate correlations

0.69). The one-factor solution was conbrmed by graphicalescr Reliabilities and correlations on all gender-related insients

plot analysis. There was a steep decline of explained variancan be seen irTable & Three out of Pve correlations with
from factor one (60%) to factor two (14%). Each item waghe TMF were signibcant. Besides the GRB-F there was also
represented very well by this factor (loading8.65). a correlation with gender-conforming childhood-experiesc

Results
All results refer to the brst measurement except for thoseata
explicitly indicated to belong to second measurement.
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TABLE 4 | Group-SpeciPc Means (with  SD) on Gender-Related Scales and ANOVA Results regarding Sexu  al Orientation and Gender in Study 2 at First
Measurement.

Women Men SexOr (F,p,"!) Gender (F, p,"!) Gender " SexOr (F, p,"!)
Lt s? G8 st
TMF 84,54 (1.15) b5.36 (0.72) €3.49 (0.87) d2.51 (0.98) 0.15, 0.703, 0.00 100.54, < 0.001, 0.52 21.42, < 0.001, 0.19
GEPAQ-M a3.29 (0.45) a3.23 (0.40) 43.31 (0.70) 43.41 (0.55) 0.02, 0.886, 0.00 0.79, 0.376, 0.01 0.47, 0.494,0.01
GEPAQ-F 24.04 (0.55) 24.18 (0.51) 24.06 (0.48) b3.68 (0.48) 1.48, 0.227, 0.02 5.36, 0.023, 0.06 6.35, 0.013,0.07
GRB-M 23.59 (0.78) 23.45 (0.79) 23.42 (0.66) b4.17 (0.78) 3.08, 0.082, 0.03 1.94,0.167, 0.02 6.41, 0.013,0.07
GRB-F 43.91 (0.76) b4.63 (0.45) 43.57 (0.77) €3.17 (0.78) 1.03, 0.313, 0.01 37.11, 0.001, 0.29 14.42,< 0.001, 0.14
CGRB a3.04 (1.10) 43.38 (0.92) 43.22 (0.67) b4.32 (0.52) 18.05, < 0.001, 0.16 11.00, 0.001, 0.11 4.99, 0.028, 0.05

TMF: 1-7, Traditional Masculinity-Femininity; GEPAQ: 1-5, German texded Personality Attributes Questionnaire; GRB: 1-6, Gender-Role Behav; and CGRB: 1-5, Childhood Gender-
Role Behavior. Endings indicate masculinity (M) und femininity { F) scales. Higher scores indicate higher masculinity on masculiniggales, higher femininity on femininity scales and
TMF, and higher gender-conformity on CGRB. According to a Levene tésthe assumption of homogeneity of variance was violated for GRB-F and CGRBuperscripted letters in mean
columns refer to groups based on simple-effect Pndings. Groups shing the same letter do not differ signibcantly from each other at" 0.05.

1Lesbians n= 25.

2Straight women n= 26.

3Gay men n= 24.

4Straight men n= 21.

704 Gender ;:i:f 5] R~esults of Binary Logis_tic Regression _Models in Pre dicting_
pantsO Gender based on Different Gender-Related Ins  truments in
= \\lomen Study 2 at First Measurement.
6.0 8 Men Percentage of correct B SE #(21) p
536 classibcations
% 5.07 Overall Men  Women
o 4.54
£ 4.0 T™MF 80.2  80.4 800 167 033 2550 <0.001
LEL 3.49§ GEPAQ-M 531 824 200 1035 039 079 0374
= 3.0 GEPAQ-F 60.4 68.6 51.1 0.90 0.42 4.64 0.031
5251 GRB-M 49.0 64.7 311 1 0.36 0.27 1.81 0.179
20+ GRB-F 70.8 68.6 73.3 142 032 19.71 <0.001
CGRB 60.4 72.5 46.7 1 0.69 0.24 8.23 0.004
1.0 TMF, Traditional Masculinity-Femininity; GEPAQ, German Extended Persdity Attributes
T T Questionnaire; GRB, Gender-Role Behavior; and CGRB, Childhood GendRole
Lesbian/gay Stralght Behavior. Endings indicate masculinity! (M) und femininity [ F) scales.
Sexual orientation
regression model. Results can be seemable 7. In contrast to
FIGURE 4 | Mean TMF scores separately for gender and sexual Study 1, the TMF did not outperform all other measures. Only
orientation. Error bars represent standard errors of means. the GRB-F was found to predict WomenOs sexual orientation.

However, when GRB-F was not included in the regression model,
(CGRB) and with the exchanged adjective-based masculinitghe TMF was the only signibcant predictor of sexual orientatio
scale (GEPAQ-M). The correlations for the brst two instrurtsen in the model,B = 1.25,SE= 0.50," 2(1) = 6.19p= 0.013.
were in the expected direction: The more feminine the women
rated themselves on the TMF, the higher their scores on behavi Comparisons within Men
based femininity (GRB-F) and childhood gender-conformityThe same analyses were computed for the male subsample.
(CGRB). However, the TMF correlated positively with the
GEPAQ-M, which is counterintuitive. We believe that thisesis )
to debciencies in the GEPAQ-M, along with its low reliability Group dilerences
Moreover, after adjusting the signibcance level accordingyé ~ AS indicated inTable 4 all di'lerences in the male subsample

Bonferroni formula, the correlation was not signipcantamye. ~ Were in the expected directions. Straight men showed higher
masculinity/lower femininity on each gender-related instrent

Predicting sexual orientation than gay men except for the GEPAQ-M, where no signibcant
Can the TMF predict womenOs sexual orientation better thati!erence was detected. The TMAM = 1.05) and the CGRB
other measures? We added the TMF in the last step of a bina(AM = 1.10) were similarly able to predict sexual orientation.
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TABLE 6 | Reliabilities and bivariate correlations of gende r-related scales TABLE 7 | Stepwise, logistic regression analysis for predict ing womenOs
for women and men in Study 2 at Prst measurement. sexual orientation based on gender-related scales in study 2 at brst
measurement.
TMF  GEPAQ-F GEPAQ-M GRB-F GRB-M CGRB
Step 1 Step 2 Step 3
TMF 0.86/0.89  (0.28) 0.34 0.47 (0.27) 0.54 Predictors: B (SE) Exp(B) B (SE) Exp(B) B (SE) Exp(B)
GEPAQ-F 0.59 0.77/0.64 (0.04) (0.29) (0.21) (0.27)
GEPAQ-M 1038 (021) 051073 (003 (009 (0.12) GEPAQ-F [0.50 (0.58) 1.66] [0.39(0.76) 1.48]  [0.72(0.92)@]
GRB-F 0.31 0.46 (0.19) 0.88/0.91 (0.29) 0.47 GEPAQ-M I 0.37 (0.72) 0.69] [ 0.86 (0.87) 0.43] [ 0.95(0.94) 0.39]
GRB-M 1 0.45 1 0.26 0.42 (020) 0.83/0.88 ( 0.14) GRB-F 3.01 (0.97) 20.30 3.69 (1.38) 40.15
CGRB 1055 1041 (018 1035 037 082073 CRBM ! 1.13(056)! 0.52 [ 1.43(0.80) 0.24]
TMF [0.35 (0.66) 1.42]
Correlations for women sample are presented above, for men sample bew the diagonal. CGRB [' 0.90 (0.58) 0.41]
Internal consistencies are depicted in the diagonal with the values bafe the slash 2 P P
) ) - "<,= 1.01, p= 0.605, "2, = 18.68, "ey= 2.99,
referring to women and after the slash referring to men. All coraions are statistically (2) 2) 2)
signibcant ate " 0.05 except for those in parentheses. Abbreviations: TMF, Traditional RZ = 0.03, 56% 2p < 0.001, 2p = 0.224,
Masculinity-Femininity; GEPAQ, German Extended Personality AttribstQuestionnaire; R = 0.47,73% R = 0.53, 78%

GRB, Gender-Role Behavior; and CGRB, Childhood Gender-Role Bakior. Endings N L ) N
indicate masculinity { M) und femininity { F) scales. Higher scores indicate higher ~Chosen method was OForward: WaldO in each block” Rneans NagelkerkeOs R

masculinity on masculinity scales, higher femininity on feninity scales and TMF, and Percentage values refer to correctly classiPed lesbian and straighbmen. All correlations
higher gender-conformity on CGRB. are statistically signibcant atr = 0.05 except for those in brackets. TMF, Traditional
Masculinity-Femininity; GEPAQ, German Extended Personality Attribut€uestionnaire;
GRB, Gender-Role Behavior; and CGRB, Childhood Gender-Role BehavidEndings

At second measurement, gay and straight men dilered mord@/ae masculinity { M) und femininity ( F) scales. Higher scores indicate higher
masculinity on masculinity scales, higher femininity on feminipiscales and TMF, and

strongly on the TMF Mgay: 3-85,Mstraight: 2-601(35) = 4.70, higher gender-conformity on CGRB.
p < 0.001]. However, in contrast to the brst measurement the

GEPAQ-F was not able to discriminate between both groups, -
Mgay - 4-02vMstraight - 3.68,t(35) - 1.83,p = 0.075. The TABLE 8 | Stepwise, logistic regression analysis for predict ing menOs

GEPAQ-M remained non-signibcamdgay = 3.46,Mgyaight = sexual orientation based on gender-related scales in study 2 at brst
3.56135=! 0.51p= 0.61, ’ measurement.
Step 1 Step 2 Step 3

Bivariate correlations Predictors: B (SE) Exp(B) B (SE) Exp(B) B (SE) Exp(B)
All correlations with the TMF were signibcant (al|$ 0.31, all
p < 0.028) and in the expected directions (Jele 6. GEPAQ-F  !11.82(0.72)0.16 [ 0.71(0.88)0.49]  [0.64 (1.38) 1.90]

GRB-F ! 1.25(0.61)0.29 [ 1.09 (0.89) 0.34]
Predicting sexual orientation GRB-M 1.64 (0.55) 5.17 1.90 (0.86) 6.69
As for the female subsample, the TMF did not predict sexuatmr [' 0.25 (0.66) 0.78]
orientation better than other measures when it was added icGrs 3.77 (1.28) 43.39
the last step of a binary regression model (3able 8§. CGRB "1y = 817, "= 1257, "= 19.50,
and GRB-M were the measures most closely related to sexual p = 0.004, p = 0.002, p <0.001,
orientation. This could be interpreted as suggesting that TMF R?=020,64%  R?=047,71% R = 0.73,86%

does not contribute at _a" to expl_alnlng _sexual Onen_tatlon'chosen method was OForward: WaldO in each block? Rneans NagelkerkeOs R
Moreover, one could be interested in the direct comparison Opercentage values refer to correctly classiped gay and straight medll correlations
TMF and GEPAQ in explaining sexual orientation. To answepre statistically signipcant atx " 0.05 except for those in brackets. TMF, Traditional
these questions in a supplementary binary regression mOdé{'asculinity-Femininity; GEPAQ, German Extended Personality Attribut€uestionnaire;
. . ! R . GRB, Gender-Role Behavior; and CGRB, Childhood Gender-Role BehavidEndings
Only a(_jjectlve-based scales Wer? |n_C|Uded as p_redlctomam indicate masculinity { M) und femininity [ F) scales. Higher scores indicate higher
anaIyS|s, TMF was the only S|gn|bcant predlctor of sexuahasculinity on masculinity scales, higher femininity on feminiyiscales and TMF, and
orientation,B="! 0.89.SE= 0.41" (21) = 4.61p= 0.032. Taken higher gender-conformity on CGRB.
together, CGRB and GRB-M predicted sexual orientation best,

and TMF predicted sexual orientation better than GEPAQ. ) o
based on voices, faces, and the combination of bath>(|0.31)

Relations with Criterion Characteristics however, the correlation for perceived straightness basewice

We collected data on several psychological and acoustériont ~ for women was only by trend). In contrast to men, all voice pitc

characteristics. We computed bivariate correlation coetds characteristics correlated signibcantly with the TMF fomem

for the TMF with these characteristics in order to test the(r > 0.32). All correlations were in the expected direction: The

criterion validity of TMF separately for women (sdable9  higher women spoke on average and the higher their voice pitch

and men (sedable 10. Additionally, correlations for all other range and variability, the more likely they rated themselagss

gender-related scales included in Study 2 were computed asfeminine. In contrast, one contact measure showed a sigmtc

comparison. correlation for men but not for women: The less contact men
The more gender-conform women and men rated themselveeported to gay men, the more masculine they rated themselves

on the TMF, the more likely they were perceived as straighon the TMF ¢ =! 0.35).
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TABLE 9 | Bivariate correlations of gender-related instrume nts and TABLE 10 | Bivariate correlations of gender-related instru ments and
criterion characteristics for women in study 2. criterion characteristics for men in study 2.

TMF GEPAQ GRB CGRB TMF GEPAQ GRB CGRB

F M F M F M F M

Contact to lesbians/ (1 0.27) (¢ 0.03) (0.20) (0.12) 0.30 ( 0.10) Contact to leshians/ 0.35 0.29 (1 0.03) (0.12) (0.08) ( 0.16)
gay men gay men
Contact to straight (0.20) 0.32 (0.08) (0.24) [(0.01) (0.22) Contact to straight (1 0.01) (¢ 0.20) (00.07) ! 0.42 (00.05) (00.08)
wo/men wo/men
Voice pitch average 0.41 (0.24) (0.07) 0.37 1(0.14) 0.46 Voice pitch average (0.06) ( 0.09) (0.20) (0.10) !(0.01) (0.00)
Voice pitch variability 0.32 (0.14) !(0.10) (0.26) [(0.08) 0.35 Voice pitch variability ~ /(0.27) ( 0.25) (0.19) [(0.17) (0.23) 0.28
Voice pitch range 0.34 (0.19) 1(0.04) (0.29) [(0.06) 0.39 Voice pitch range (0.08) (¢0.22) (0.12) [(0.07) ( 0.10) (0.05)
Perceived straightness  (0.31) (0.05) Y0.01) (0.20) [(0.16) (0.30) Perceived straightness ! 0.34 (1 0.19) (0.04) [(0.04) (0.14) (0.22)
in voice in voice
Perceived straightness  0.57 (0.09) (0.03) (0.29) !(0.20) (0.23) Perceived straightness ! 0.38 ! 0.45 (0.17) ! 0.47 (0.14) 0.39
in face in face
Perceived straightness  0.55 (0.11) (0.01) (0.31) !(0.17) (0.29) Perceived straightness ! 0.47 ! 049 (0.17) ! 042 (0.21) 0.48
in voice + face in voice + face

All correlations are statistically signibcant at * 0.05 except for those in parentheses. All correlations are statistically signibcant at * 0.05 except for those in parentheses.
Abbreviations for column headings: TMF, Traditional Masculinity-Feninity; GEPAQ, Abbreviations for column headings: TMF, Traditional Masculinity-Femirtyli GEPAQ),
German Extended Personality Attributes Questionnaire; GRB, GendewrR Behavior; and German Extended Personality Attributes Questionnaire; GRB, Gender-Rd@ehavior; and
CGRB, Childhood Gender-Role Behavior. Endings indicate mascuiin ( M) und femininity CGRB, Childhood Gender-Role Behavior. Endings indicate masculinity 1) und femininity
(! F) scales. For gender-related instruments higher scores indicateigher masculinity on (' F) scales. For gender-related instruments higher scores indicate highenasculinity on
masculinity scales, higher femininity on femininity scales drnTMF, and higher gender- masculinity scales, higher femininity on femininity scales and TM&nd higher gender-
conformity on CGRB. For criterion characteristics higher scoremdicate more frequent conformity on CGRB. For criterion characteristics higher scores indicatmore frequent
contact to leshians/gay men and straight wo/men, higher voice pitcltharacteristics, and contact to leshians/gay men and straight wo/men, higher voice pitch chacteristics, and
higher perceived straightness. higher perceived straightness.

The TMF showed 9 out of 16 p055|ble Slgmpcant Correlatlon‘?ABLE 11 | Reliabilities and correlations for gender-relate d measures
which is more than any other gender-related scale. CGRBetween brst (columns) and second (rows) Measurement in Study 3.
followed with 6 out of 16 possible signibPcant correlationsnkke,
the TMF showed higher convergent validity than the other Alpha TMF? GEPAQ-M? GEPAQ-F2
gender-related scales.

TMP 0.87 0.75 ( 0.08) 0.49
Test-Retest Reliability and Predictive Validity GEPAQ'S 073 1032 089 ¢ 0.25)
Table 11 contains bndings regarding test-retest reliability and®=AQ 0-7 035 (003) 065

predictive validity. According to the intercorrelation ofMIF  internal consistencies for second measurement are presented in therge column. Test-
scores at brst and second measurement, 1l-year relialuititjné retest reliabilities are presented on the diagonal. All correlations areéasistically signiPcant

. _ : ata " 0.05 except for those in parentheses. Abbreviations: TMF, Traditional Masculip
TMF Wa,S 0.75 and hlgher than for the GEPA,Q F' thoth inter Femininity; GEPAQ, German Extended Personality Attributes QuestionmairEndings
correlations for the GEPAQ'M were even hlgher than for thelndicate masculinity { M) und femininity [ F) scales. Higher scores indicate higher
TMF. Hypothesis 12 was conbrmed. masculinity on masculinity scales and higher femininity on femiify scales and TMF.

In order to test its predictive value, the TMF at the prst; st measurement.
. PSecond measurement.

measurement was correlated with GEPAQ-M and GEPAQ-
F at the second measurement. As can be seeifainle 1],

both correlations were signibcant, of moderate size, anhén masculinity than lesbians. The evidence for high increraént

expected directions, conbPrming Hypothesis 13. validity in predicting womenOs sexual orientation from $tid
o could not be replicated nor extended to men.
Summary of Findings Whereas, lesbians and straight women di'ered descriptively,

In Study 2, we found that all TMF items loaded strongly onbut not signiPcantly in GRB-M (se&able 4, in the logistic
one single factor at brst and second measurement, replicatimggression analysis (s&@ble 7, GRB-M predicted womenOs
the pilot study and conbrming Hypothesis 1 again. The TMFsexual orientation in a signibPcant way in Step 2, along with
showed su'cient reliabilities for women and men. Conbrming GRB-F. We assume that the inclusion of GRB-F in the
Hypotheses 2, 3, and 4, the TMF turned out to be the best genderegression model reduced apparent error variance and thus
related instrument for dilerentiating straight and gay mem a changed the relation between GRB-M and sexual orientation
brst and second measurement and lesbians and straight wom&om descriptive to statistically signibPcant. However, d&3B5
compared to all other scales used in Study 2 {&d®e 4. Inline M was again non-signibcant in Step 3 of the regression model,
with gender self-stereotyping and contradicting implicinger  we suggest that masculine everyday behavior was not syrong|
inversion theory, gay men showed lower femininity/higherrelated to sexual orientation in our womenOs sample. However
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when including adjective-based instruments only, TMF pregtic  TMF version is superior than the one-dimensional version
sexual orientation in women and men better than establishetbr samples that comprise a larger number of participants
adjective -based instruments. transgressing or rejecting the binary gender system (e.g.,
Partially conbPrming Hypothesis 7, the TMF showed moderatéransgender and queer people). Future research is needed to
correlations with some other gender-related scales. Ingoaly, clarify that question.
the TMF was connected to multiple criterion characteristics One could object against using the bipolar TMF scale that its
for women (e.g., higher femininity was accompanied by morenidpoint is ambiguous. In other words: what does a score of
gender-conform voice pitch characteristics) and men (Bigher 040 mean? One could imagine that people scoring either high
masculinity was associated with less frequent contactyargan)  or low on both dimensions would erroneously be treated as
and outperformed other gender-related scales. one group. However, according to the high correlations betwe
The TMF revealed moderate test-retest-reliability andhe separate TMF masculinity and femininity scales (Study 1)
predictive validity conbPrming Hypotheses 12 and 13. Scores aand a supplementary graphical scatterplot analysis we did, we
the brst TMF measurement predicted scores on GEPAQ-M anfbund no groups of high/high (i.e., androgyny) or low/low secs

GEPAQ-F at second measurement. (i.e., undilerentiated). Hence, it can be deduced that people i
our samples who scored close to 040 believed themselves to be
GENERAL DISCUSSION moderately feminine and masculine.

Gender research has developed many instruments to measdeOntextualizing Validity Findings

dilerent aspects of self-ascriptions of gender stereotypicdn terms of validity, using a known-groups approach as an
features, including attributes, behaviors, interests] atiitudes ~ established psychological method for validity tests (élgwyitt
(Beere, 1990 Supplementing these scales, the TMF scale &1d Cramer, 2008 the TMF repeatedly showed expected
designed as an instrument for globally assessing people@t, ovegender dilerences, with men scoring higher on masculinity
or OcoreO masculinity-femininity. The TMF was shown t@nd lower on femininity than women. With reference to sexual
reliably measure an underlying, one-dimensional congtruc orientation, straight and bisexual women rated themsetigiser
and it was found to be a valid instrument for assessing@n femininity and lower on masculinity than lesbians did
masculinity-femininity because it (a) successfully di'etiated ~ (Study 1). Moreover, the TMF was the only gender-related scale
between groups that were expected to diler (women vs. merijsed in the present study that distinguished straight men, gay
leshians/gay men vs. straight women and men) and (b) imen, lesbians, and straight women (from high masculingy/|
correlated moderately with other gender-related instrumse  femininity to low masculinity/high femininity, Study 2) woh
such as the Bem Sex Role Inventory (BSRIn, 197)%and the supports gender self-stereotyping rather than implicit gender
German Extended Personal Attributes Questionnaire (GEPAQNVversion theory Kite and Deaux, 1997 According to implicit
Runge et al., 1991 Whereas, some well-established, adjectivegender inversion theory, gay men should have scored higteer t
based scales (e.g., BSRI, GEPAQ) have shown shortcomingdégbians on femininity and lower on masculinity, which wag n
dilerentiating women and men in recent year§¢zesny et al., the case in our sample. It appears that gay men and lesbians
2004; Evers and Sieverding, 2))1dur bndings of consistent rather self-stereotype as men and women, respectively, ared th
group dilerences support the TMF as a new tool for measuringconstruct their self-concept in line with their gender group.

gender-role self-concept. Based on these Pndings, we conclude that the TMFOs ability
) _ ) for determining gender and sexual orientation was gengrall
Dimensionality of the TMF high, and higher than that of all other gender-related measu

In line with Choi and Fuqua (2003high correlations between investigated in the present studies. Finally, we found ewide

the separate TMF femininity and masculinity scales as showior the idea that dilerences in Ocore® masculinity and fenitini

in Study 1 suggest a bipolar, one-dimensional use of thimeasured by the TMF underlie dilerences in lesbians® and gay
instrument reRecting laypersons® ideas of masculinity amdenOs vs. straight women and menQs self-ascriptions irr gende
femininity as two extremes of one continuum. This is alsotypicality measured by other scales, such as the BSRI (seg Stud
in line with bndings reported by Spence and Bruckner (20001). Hence, the TMF was shown to be a valid scale for assessing
see alsdSfnchez and Vilain, 20).2All items were shown to gender-role self-concept.

load on one factor and represent a one-dimensional construct It was expected that the TMF would correlate moderately with
(masculinity-femininity). This Pnding should be nottakas hint  other gender-related scales. That was the case for all gende
that one-dimensional masculinity/femininity models geally related scales in Study 1 where only a female sample was.tested
outperform two dimensional ones (e.g., agency, communionThis indicates that the TMF measures other aspects of peopleOs
competence, warmth; instrumentality, expressivity), buttall  conceptualizations of their own masculinity/femininityah the

TMF items appear to refer to the same underlying constructBSRI or the Gender-Role Behavior Scaf¢hénstaedt, 2003
Moreover, in spite of its brevity, the TMF showed high internaland complements them well. An explanation for this bPndings
consistencies across all studies as well as satisfacttimetest is that the TMF does not measure attributes associated with
reliability (in a sample of men). However, the one-dimensibity ~ masculinity/femininity, but rather, these constructs theefves.

of the TMF was demonstrated with participants identifying Only correlations with the Childhood Gender-Behavior ®cal
themselves as women or men. Possibly, the two-dimensionalere high, which could be due to selective memory recall
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and hence relRect current gender-related self-assessmseat (Pndings partially di'ered between women and men, and which
Bailey and Zucker, 199measured with the TMF. Alternatively, specibc criteria mattered in which sub-sample appeared a bit
the high correlation is due to actual gender dilerencesarbitrary (e.g., voice pitch features for women and contact
during childhood, which would be a hint for constancy variables for men). It appears that women and men express their
of conceptualizations of people®s own masculinity/femininit masculinity/femininity in dilerent ways, which is an intertisg
Correlations between the TMF and gender-related scales wet@pic for future research.

smaller for a second sample of women (Study 2) which could

be due to dilerences in sampling and substitutions of scales . . . .

(e.g., instead of the Bem Sex Role Inventory, the Personan€oretical Considerations Regarding the

Attributes Questionnaire was used). Connected to that, thd MF

incremental validity of the TMF for predicting womenOs sexu@ne might assume that a one-item-measure could be su'cient
orientation was demonstrated in Study 1 only. However, thdor assessing masculinity/femininity by simply asking how
male sample in Study 2 showed overall moderate correlatiomaasculine/feminine people believe themselves to be. We ctiecke
of the TMF and gender-related scales, but no additional bili this idea in an exemplary fashion for Study 2 using the Ol
of the TMF to predict sexual orientation. The fact that theconsider myself as...O-item for a comparative analysisiseca
TMF did not always demonstrate additional predictive valueof highest corrected item-total correlations for the whekemple

for explaining dilerences between groups does not indicatén the Pilot Study. However, in every case (determining and
that it is superBuous. Rather, other facets of self-ascribeuredicting gender and sexual orientation, convergent, and
masculinity/femininity, such as everyday behavior, tutmeit to  criterion validity), as a rule the TMF was better than the one-
be highly capable of predicting sexual orientation as welld Anitem-measure (e.g., compared to the one-item measure the
the TMF predicted sexual orientation still better than esiidd TMF showed higher correlations for almost all gender-related
adjective-based instruments in women and men in Study 2Zneasures in the male subsample except for GEPAQ-M where
(which was demonstrated after excluding the most predictivea higher correlation was found for the one-item measure).
scales). This is in line with state-of-the-art conceptions in psychgilcal

To deal with a common critique that self-report instruments assessment that consider every item in a scale to be a piece
measure dilerences in social desirability rather than trueof puzzle and hence uncover a dilerent detail of a somewhat
dilerences, we used an implicit measure of womenOs selfigger picture BYhner, 2010 Moreover, it is also consistent with
feminine vs. self-masculine associations. Study 1 showat t Constantinopl®s 1973 view that the masculinity/femininity-
the correlations of these associations were higher for thi=T constructis captured best when gender role adoption, prefaren
than for self-ratings of traits or behaviors. This is a sgon and identity are measured in conjunction.
hint that the TMF is able to reRBect OtrueO dilerences in core The TMF is designed as a self-assessment instrument for
masculinity/femininity rather than social desirabilitynly. It is  masculinity-femininity on a rather global level with regard
also a substantive bnding of the present studies that goembey to two dilerent respects. First, the TMF is based on a trait
mere scale validation. rather than a normative approach (séeompson and Bennet,

In a similar vein, in order to test the criterion validity ofié¢ 2015 and conceptualizes masculinity-femininity as a long-term
TMF, we selected several criterion characteristics whichbea  characteristic varying between people. However, it does not
categorized into three groups (Study 2): These includedamint exclude variation on masculinity-femininity within a perso
to same-gender straight women/men and lesbians/gay mécg vo depending on dilerent social, temporal, or regional contexts.
pitch features, and assessment of sexual orientation byrisgpg  focus is on a trait-like (global) average score across gsite
based on visual and auditory stimuli. Correlation analyseSecond, it is more global because it focuses on a higher-
showed that gender-conformity on the TMF was signibcantlyorder masculinity-femininity construct which is beyond spec
linked to perceived straightness for almost each presemtatioccomponents such as traits, interests, physical charactes;isir
mode (voice, face, and the combination of both) for men andattitudes, and asks for an aggregated self-assessmess tlcese
women. Moreover, higher femininity in women was associatediomains. The high test-retest reliability obtained over-gehr
with higher voice pitch features (average, variability, amdge) period indicated stability rather than variance. Howeviernaould
and higher masculinity in men was connected to less contadie interesting to know which components mainly account for an
to gay men. Compared to other gender-related scales, thrdividualOs judgment of their own gender-related idenfitye
TMF was superior in convergent validity. Taken together,-selfTMF could be a valuable instrument for future research deglin
ratings of masculinity/femininity go along not only with gder  with that question.
and sexual orientation dilerences, but also with dilerences i In spite of this trait-like approach, the TMF is based on
social behavior (i.e., contact to same-gender people dileringhe idea that masculinity/femininity is socially deterrsih (see
in sexual orientation), with objective voice charactécstand Smiler, 200}t The scale is about how people relate or conform
with assessments of sexual orientation based on facial aice v to social standards (how masculine/feminine do they believ
features. In sum, this indicates that the TMF measures soimgth themselves to be?), but not how they consider social norms to
fundamental regarding gender-related self-assessmieistalso  be appropriate for men and women (i.e., what people consider
another substantive bnding of the present studies that goes masculine/feminine). To trigger a reference to sociahs
beyond mere scale validation. A limitation is that patterrfs oin the participants©® minds when testing gender-role identity
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aspects, we used the term OtraditionallyO in the beginnisgch as mental rotation? Finally, are self-ratings on the TMF
of the corresponding items. However, the TMF does notelated to personality traits in which gender dilerences hbheen
measure if participants® conceptions of gender-role identibserved, such as self-esteem and social dominance diterita
aspects correspond to traditional views. Thus, we concedgenerally, we believe that many dilerent research questions
that there could be variations in peopleOs understanding oélated to gender-related self-assessments could beneft fr
OtraditionallyO which could alect their self-evaluatibtfmyvever,  using the TMF.

large dilerences are not likely because people within one celtur

know about traditional gender roles. AUTHOR CONTRIBUTIONS
Because of the TMFOs broader scope compared to established
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about the TMFOs ability of measuring masculinity/femigiaiso  \york and the acquisition and analysis of the data: SK, MS;
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Appendix A

Al. The Traditional Masculinity -Femininity Scale (TMF) in English translation [with
original German wording]

, FRQVLGHU P\VHOI DV«

[lch HPSILQGH PLFK VHOEVW DOV«@
,GHDOO\ , ZRXOG OLNH WR EH«

> GHDOHUZHLVH ZIUH LFK JHUQ« @

[Traditionellerweise wYrden meine Interessen angeseaéhG®/HQ DOV « @

7TUDGLWLRQDOO\ P\ DWWLWXGHY DQG EHOLHIV ZRXOG E
[Traditionellerweise wYrden meif@nstellungen und Ansichteangesehen@U GHQ DOV « @
7TUDGLWLRQDOO\ P\ EHKDYLRU ZRXOG EH FRQVLGHUHG

f
f

f 7TUDGLWLRQDOO\ P\ LQWHUHVWY ZRXOG EH FRQVLGHUH
f

f b

; [Traditionellerweise wYrde mein Verhalten angeseBehUGHQ DOV « @

7UDGLWLRQDOO\ P\ RXWHU DSSHDUDQFH ZRXOG EH FRQC
>7TUDGLWLRQHOOHUZHLVH Z*UGH PHLQH IX%HUH (UVFKH

Scales ranged from hdt at all masculingto 7 ¢otally masculingand from 1 ot at all
femining to 7 totally femining in Study 1 and from ligtally masculingto 7 ¢otally femining
in the pilot study and in Studies32

A2. Childhood GenderRole Behavior Scale (CGRB)

In my childhood I liked being a girl.

In my childhood would rather have been a boy.
,Q P\ FKLOGKRRG , EHKDYHG OLNH D 3W\SLFDO JLUO”
,Q P\ FKLOGKRRG , EHKDYHG OLNH D SW\SLFDO ER\’
In my childhood | played typical girl games.

In my childhood | played typical boy games.

In my childhood I played with girls.

In my childhood | played with boys.

In my childhood | wanted to wear dresses and skirts.

0. Inmy childhood | wanted to wear trousers.

HOOoNOORWNE

Scales ranged from héver appliedito 7 @lways appliedlin Study 1 and from (I strongly
disagreé to 5 ( stronglyagree in Study 2.



Appendix B

Table 1Factor, pattern, and structure matrix of the exploratory factor analysis withfadtoo
solution and the confirmatory otfactor analysis of the TMF in Study 1.

Factor Matrix Pattern Matrix Structure Matrix Factor

matrix
F1 F2 F1 F2 F1 F2 e
1. ) , FRQVLGHU P .71 .39 -.09 .87 51 .81 .70
x (B ldeally Twould ke to 7 43 11 95 55 88 .75
x (F) Traditionally, my
interests would be 76 -.27 .76 .06 .80 .58 75

FRQVLGHUHG DV

3. (F) Traditionally, my
attitudes and beliefs would .78 -.37 .90 -.06 .86 .56 17
EH FRQVLGHUHG

4. (F) Traditionally, my
behavior would be .87 -22 g7 .18 .89 .70 .87
FRQVLGHUHG DV

5. (F) Traditionally, my outer

appearance would be g7 27 .10 74 .61 .81 a7
consideredD V «
0 , FRQVLGHU F-80 -21 -19  -.69 -.66 -.82 -.80
(M) ldeally, wouldlketo 67 23 09 -84 53 70 67
8. (M) Traditionally, my
interests would be -81 .27 -81 -.07 -.85 -.62 -.81

FRQVLGHUHG DV

9. (M) Traditionally, my
attitudes and beliefs would -.69 .36 -.84 .10 -.76 -.48 -.68
EH FRQVLGHUHG

10. (M) Traditionally, my
behavior would be -.79 .22 -73 -.13 -.82 -.63 -.79
FRQVLGHUHG DV

11. (M) Traditionally, my outer
appearance wouloe -75 -25 -11 -71 -.60 -.78 -.75
FRQVLGHUHG DV

Note.Scale ranged from13QRW DOO PDVFXOLQvHH UN FPLOMIFRMPO IQE R H ~
Abbreviations: Factor 1 (F1), Factor 2 (F2), confirmatory factor analysis (CFA), femininity scale
(F), masculinity scale (M)

I




I"H$%6& )+, +

$O&()*H+ - JOL2*H3 HA, H5H+6(T7(20*H#8 HOfH" <=>,
381706-8&#91@ @ ()%6(0#1TH#+(A?%)HBIERCIENBERY) (#+()E ‘o ... T — <o ‘oteie #11.. 5
I"HS%6&! (") (*+, (-."#*0.8'1".0,*2(")(-3,$0.& *#<G(@=H| GL:H, #
JBKAE:,<<"<L<,GHIIMIG#



.

J_ID: JASMAN DOI: 10.1121/1.4988684 Date: 24-June-17 Stage: Page: 1 Total Pages: 17

PROOF COPY [JASA-00586] 066706JAS

1

2

3

10
11

12
13

14
15
16
17
18
19
20
21
22
23
24
25
26

43

44
45
46

Acoustic correlates of sexual orientation and gender-role
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Compared to studies of male speakers, relatively few studies have investigated acoustic correlates
of sexual orientation in women. The present investigation focuses on shedding more light on
intra-group variability in lesbians and straight women by using a Pne-grained analysis of sexual
orientation and collecting data on psychological characteristics (e.g., gender-role self-concept). For
a large-scale womenQOs sample (overhll108), recordings of spontaneous and read speech were
analyzed for median fundamental frequency and acoustic vowel space features. Two studies
showed no acoustic differences between lesbians and straight women, but there was evidence of
acoustic differencesvithin sexual orientation groups. Intra-group variability in median fO was
found to depend on the exclusivity of sexual orientation; F1 and F2#igstudy 1) and median fO

(study 2) were acoustic correlates of gender-role self-concept, at least for lesbians. Other psycho-
logical characteristics (e.g., sexual orientation of female friends) were also reRected in lesbiansO
speech. Findings suggest that acoustic features indexicalizing sexual orientation can only be suc-
cessfully interpreted in combination with a Pne-grained analysis of psychological characteristics.

¥ 2017 Acoustical Society of Ameridattp://dx.doi.org/10.1121/1.49886B4

[LK] Pages: 1917

I. INTRODUCTION (respectively, straight women). This assumption is based4on
I{a\c}/ peopleOs stereotype-driven gender inversion th&Gtey (48

R ) ol \
OBut how QOes a lesbian speak?0 or OGEg pre_ferand Deaux, 1987 henceforth: gender inversion theoryho
do a gay man.O were frequent responses of speakers in Qur

laboratory when thev were instructed to imitate lesbian udies dealing with the effect of female sexual orientatiom

K y it Ky led F st ¢ dina | on speaking patterns have primarily concentrated on intopa-
speaking patterns. thowledge of SIEreotypes regarding 1€, 5| features and vowel characteristics. Findings regardiag
bian speech seems to be weak (but Qeen, 199) This

. : . . intonational features are inconsistent. This is particulasy
asymmetry is ref3ected in the fact that studies referring Qrue for mean fundamental frequency (f0). The brst investi-

phonetic correlates of sexual orientation have largely cone ... (Moonwomon-Baird, 1997 showed that a dyad ofss
centrated on differences between gay and straight malgy »int women used a higher mean f0 than a lesbian dyad
speakers (for a review, sédunson and Babel, 2007By  \yhen having a conversation (spontaneous speech). However,
comparison, relatively few studies have compared acoustig,g study can only be used as anecdotal evidence duesto
features of the speech of self-identibPed lesbhians and Straigmethodological shortcomings (selacobs, 1996Waksler, 5o
women. In addition, these studiesO bndings are inconsistegboj)_ Nevertheless, the Pnding is supported by a study eon
The aim Qf the present research is to ;hed more light on d'fJapanese women investigating spontaneous speech during an
feren_ces in Wo_menOs speec_h depending on ac.tual sexual Qkrerview Camp, 2011 On average, 7 straight women2
entation by taking psychological characteristics into ac:countspoke two semi-tones higher than 10 non-straight womens¢7
lesbian, 3 bisexual)van Borselet al. (2013)replicated that 64
A. Phonetic research on sexual orientation Pnding for a Dutch female sample: 68 straight women spake

Most phonetic studies in the beld of sexual orientation®" @verage 10Hz higher than an age-matched group ofe84

and speech have investigated whether lesbians (respectivel?ﬁlf'fentipeg_Iesfians_ when reading e:jshort srt]ory. Wher:;as
gay men) would mirror speaking patterns of straight men et ree studies ocusing on connecte Speech convergeeson
the Pnding that straight women speak with a higher mean

fO than lesbians and thus provided scientibc evidence for
?Electronic mail: sven.kachel@uni-jena.de gender inversion theory, two other studies concerning

J. Acoust. Soc. Am. 141 (6), June 2017 0001-4966/2017/141(6)/1/17/$30.00 ¥ 2017 Acoustical Society of America 1
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vowel-specibc fO values from gender-mixed, sexually diver-communicative situations, ranging from naturally occurring
gent samples failed to bPnd a signibcant effect of sexual oritalk (Moonwomon-Baird, 1997to the utterance of singles2
entation on mean fO in women. Neithéfunson et al. monosyllabic wordsNiunsonet al,, 200§. Second, previousss
(2006) who compared 11 non-straight and straight womenstudies have often investigated relatively small numberszaf
from Minneapolis when reading a list of single words, norlesbians '( 16, exceptvan Borselet al, 2013 Rendallet al,, 135
Rendall et al. (2008) who contrasted 29 non-straight (10 2008. Third, a coarse grouping of speakers was undertaken,
bisexual) and 33 straight women from Alberta (Canadajreating lesbians and bisexual women as a single categary.
when reading four sentences and single words, provided arphis is problematic for two reasons. First, it suggests a clear
evidence for a signibcant inBuence of sexual orientationntergroup demarcation between straight and non-straight
on fO. speakers, and second, it suggests homogeneity withim4he
Similarly, pndings for vowel characteristics are alsogroups (see alsbevon, 200. Strictly speaking, no previousa1
inconclusive.Pierrehumberet al. (2004)analyzed Prst and  study, exceptvan Borselet al. (2013) has investigated42
second formant frequency values of the Pve target vowelghich acoustic features are used by lesbians. Lumping
/A el u %/ from a sentence list in recordings of 16 straighttogether lesbians and bisexual women seems inappropriate
and 32 non-straight (16 bisexual) Chicago women. Straighfor at least two reasons. By referring directly to sexual oriers
women showed signibcantly higher mean F1 and F2 valuegtion, bisexual women were long excluded from and by the
that were due to differences in back vowels (F1 and F2 in /ufesbian community because of their attraction to men. Not4o
and F1inA). In other words, straight women produced their e jnvolved with men was a central criterion for depning
vowel space at a greater distance from the male vowel spagghat it means to be a leshian (e.deffreys, 1999Walters, 149
area than non-straight women, which is in line with genderjgog. By referring to further psychological differencesso
inversion theory. However, in the same study, straightyisexual women were found to be less masculine/more femi-
women unexpectedly exhibited a more contracted vowehine than lesbians but more masculine/less feminine ttran
space and thus were acoustically closer to straight men thagyraight women (e.gLippa, 2009. Hence, it seems reasonss
lesbians, which is not in line with gender inversion theory. gpje that when we study possible correlations between
WhereasMunsonet al. (2006)completely failed to replicate ~sexyjal orientation and speech characteristics we shausid

these diﬁerenpes in vowel space shift and expansion USi”Fhitially separate groups using more Pne-grained meastres
the 8 vowels /il el E¥OloUu/ derived from 32 consonant- ¢ sexual orientation. 157

vowel-consonant wordskendall et al. (2008) did provide As a bnal reason for inconsistent Pndings, studies ofithe

supporting evidence for vowel space shift: straight women,honetic correlates of sexual orientation have largely failed

showed signi.bcantl){ higher mean formant frequencies thag, jncjyde related psychological characteristics that possibly
leshians DF1: 25Hz;DF2: 41 Hz). However, in contrast to explain within-group variance (see alstVaksler, 2001 161

Pierrehumberet al. (2004) Rendall et al. (2008) descrip- Munson and Babel, 2007 Decades of SOCiOlingUiStiGGZ

tively found the opposite result pattemn for vowel space asearch have shown that speakers can accommodateido a
expansion: Straight womenOs vowel spaces tended to nﬁjltiplicity of axes of social differentiation, such as natiors4
ality, age, and social class. There have been a numbessof

?ittempts from an intersectional perspective to illuminate

the p?ngrn of d|fferenc§s n spetml:;c ?rmant il Slnglﬁ’/vithin—category variability by interdigitating gender witks7
vowe's 'f even more INConsiStent. SEven common VOWEI3ihe gocial categories, like social clasStyart-Smith, 168
(./' el | E% u dJ) were used in‘Quesy (wo OT W@ cstiva- 2007 or sexual orientation. However, biophysical ameb
tions that measured vowel cheTQQERtictie(reRimbert social characteristics of gender cannot be treated as:ione

et al, 2004 Munson eF al 42008 R(_andal! R al- 2009. thing (seeEckert, 1990 and their effects on speech shouldt
Overall, the three studies showed nine differences betwee -

. : i .be separated (segmyth and Rogers, 20D8Thus, variabil-172
leshians and straight women in F1 or F2, but only one repli-

cation: Munson et al. (2006) and Rendall et al. (2008) ity in speech characteristics within groups of lesbians ard
. . : straight women could be due to other variables than sexual
showed straight women to producE-sounds with higher

F1- and F2-values on average, making them acousticall)c/mentat'on' e

more distinct from straight men than lesbians. All other Pos—5 o . -

. . . . . . Psychological characteristics related to sexual 176
sible replications were not obtained. This has been intery o niation 177
preted as evidence in support of diversity within lesbian and
straight speakers using a myriad of speaking patterns which ~Researchers who have conducted sociophonetic studies
consequently makes a bnal detection of all phonetic markergonsidering womenOs sexual orientation have speculatedoon
an almost impossible undertaking (se@wicky, 1997. psychological characteristics that could mediate or moderade
Alternatively, failure to replicate may be due to shortcomingsassociations between sexual orientation and acoustic param-
of previous studies. eters. First, it has been suggested tiraup afpliation rather 182

In short, some acoustic markers of sexual orientatiorthan sexual orientation, inBuences speebturfsonet al, 183
in women have been identibed, but have not been consig2006 Munson, 2011 Waksler, 200} Because people mays4
tently replicated. A number of reasons for this are conceiv4dentify as leshian, for instance, but reject afpliation to tize
able. First, data have been elicited from speakers carryinggesbian community $zymanski and Chung, 2001the pre- 186
out a number of different linguistic activities in different sent study adopted two different measures fexual 187

2 J.Acoust. Soc. Am. 141 (6), June 2017 Kachel et al.
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orientation and group afpbliation which is debned as the et al, 2013 for men please seBaecket al., 2017, lesbians247
degree to which a person sees herself as a group membenuld try to hide their sexual orientation because of a high
Additionally, we measuregsycho-social identibcatiowith perceived risk of discrimination (e.gSteffens and Wagner49
the in-group: the importance of and satisfaction with oneO2004 or because of negative coming-out experiences.
group membership. We tested whether lesbians who had @onsequently, those lesbians who report less discriminatisan,
high afpliation to straight women and a low afpliation to les- fewer negative coming-out experiences, and a higher
bians, and who displayed a low psycho-social identiPcatiortoming-out extent can be expected to produce speaking at-
with the in-group, showed spgaking patterns consistent withierns that are more typical of lesbians. 254
stereotypical straight womenOs speech.

A second psychological intragroup difference could be
present gender-role self-concefftierrehumberet al, 2004  C. The present research 255
Munson and Babel, 200Rendallet al, 2008, debned as

the extent to which a person describes herself on a rather In the present investigation we attempted to remesly
global level as typically masculine and/or feminine (Seesome of the weaknesses we identibed in earlier studiess7in

Kachel et al, 2019. Straight women often describe them- "€ With previous investigations, we analyzed typical lais
selves as more feminine and less masculine than lesbians GR€€Ch, drawn from spoken prose and spontaneous speech.
gender-related scales according to stereotypical gender-rofgur Sample sizes comprised in total over 100 female speak-
self-concepts (e.g.Lippa, 2005 Spence and Helmreich, ©rs. Split evenly across groups of lesbian and straight speak-
1978 Kachel et al, 201§ supporting gender-inversion €rs. The most important aspects of the present studies were
theory Kite and Deaux, 1987 Also, there is considerable the greater intragroup differentiation with respect to sexual
variance in present gender-role self-concepts among straigifientation as well as the analysis of a range of psychologieal
women Kachelet al, 201§ and among lesbians who could characteristics. 265
be classibed as either more masculine (so-called butch-type) We are asking the following questions: What are the
or feminine (so-called femme-type)gulan, 1990 Pearcey ~ acoustic correlates of sexual orientation in German-speaking
et al, 1996 also seeSinghet al., 1999. Moreover, some Women? Are there signiPcant acoustic differences betwsen
researchers have assumed a phonetic acquisition scenario lggbians and straight women? Does intragroup homogeneity
referring to childhood as the critical phas&nfyth and exist within the straight and lesbian speaker groups, orzave
Rogers, 2008van Borselet al, 2009. Indeed, regarding there correlations between acoustic parameters and sexual
gender-role self-concept during childhgostraight women  self-identibcatiorwithin the lesbian and straight groups? Da
were found to remember more gender-typical behavior thapsychological characteristics inBuence lesbians® speegh?
leshians Bailey and Zucker, 1995 We therefore tested And bnally, are there acoustic correlates of gender-role self-
whether speech differences between leshians and straigbbncept? 275
women were due to differences in gender-role self-concept To answer these questions two studiesNthat have been
during childhood or adulthood (i.e., at present). We furtherpart of a larger research projectNwere carried out witty
assumed that lesbians and straight women who conformed temale speakers. Prior to recording, speakers completegran
a more feminine gender role would produce commensuratenline questionnaire to collect information about sexual
speaking patterns. orientation and related psychological characteristics. Te
A third group of psychological characteristics that could questionnaire ensured that the sample contained the same
mediate or moderate associations between sexual orientatigiymper of lesbian and straight speakers. We examined
and acoustic correlates is formed by differsntial environ-  median fundamental frequency, vowel space shift and elis-
ments Similarly to children imitating their peersO behavior, persion, as well as formant frequencies of single vowels, znd
adolescent or adult lesbians could direct their attention,gwe| durations. The brst study was carried out in Jenassa
towards lesbian role-modelsSinyth and Rogers, 2008 German city with approximately 100000 inhabitants: tie
Pierrehumbertet al, 2004. Therefore, we collected data gecong study, designed to replicate and extend the brstzwas
regarding womenG@ildhood(contact to boys and girls) and .5 jeq out in the German capital, Berlin. Regarding psych-
present §00|al environmene.g., sexuall orientation  of logical characteristics, we tested whether gender-role seif-
female friends). We tested whether lesbians who reportegOncept has its own effects on womenOs speech and whsther

typically feminine social environment characteristics pro- lesbians® speech is inRuenced by any of the psychological
duce speaking patterns in line with feminine gender role. characteristics et

Finally, psychological intragroup differences could be
related to lesbiansé@@ming-out measure©n the one hand,
phonetic markers stereotypically associated with Iesbiaql_ STUDY 1
speech should only be found for lesbians who had come
out as leshians and who are comfortable with their lesbian ~ The aim of the Prst study was to investigate the relatiesn-
identity (van Borselet al., 2009. Those who have come out ships between acoustic representations of sexual orientation
should not try to conceal any acoustic cues associated witand gender by considering psychological characteristicgsto
the lesbian group. Whereas lesbiansO coming-out age had stted light on group variability. For a detailed overview
effect on mean fundamental frequency or variation of funda-about all items of the psychological measures, please seesthe
mental frequency when age was held constamn(Borsel supplemental informatioh. 299

293

J. Acoust. Soc. Am. 141 (6), June 2017 Kacheletal. 3
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A. Method a. Sexual orientation. Because there is an on-goingt
debate about whether objectibable measures, such as agtual
sexual behavior, are more valid in determining sexual orien-
Fifty-one female speakers living in east centraltation (e.g.Barrett, 1997Kulick, 2000, in addition to sexual44
Germany were invited to take part in an investigation onself-identibcation, we used a more objectibable instrumentto
OSexuality and voiceO via bulletin boards, handouts, amdeasure sexual orientationWprthington and Reynoldsz4s
mailing lists at the University of Jena, as well as directly 2009 also seeShively et al, 1985 Klein et al, 1989. z47
through Lesbian, gay, bisexual, transgender, intersexual, andexual orientation towards women and men was meassted
queer (LGBTIQ*) organizations and platforms. Using a separately with four items each: sexual fantasies, romamtic
snowball technique, speakers were asked to encourag¥notions, physical attraction, and sexual interaction (e,
friends and acquaintances to participate as well. In order t@Physical attraction towards womenO). These were rated in
reach an adequate number of speakers per group, the stu@yder to answer the question OHow often have you experi-
description explicitly contained a request for women diver-encedO on a 7-point scale (OdeverQ O7 always@Q. sss
gent in sexual orientation. In addition, it was mentioned thatHigher scores indicated higher degrees of sexual orientatien

0n|y German native speakers without voice and Speakinéowards women/men. Sexual orientation towards women @ad
disorders could be considered. men intercorrelated ($ 0.75,p< 0.001). Additionally, cor-3s6

The samp|e was homogeneous with regard to ethnicity[@'ﬂtions between the Kinsey—like Scale and objectibable SEX-

educational level, and age. Nearly all women were studentg/al orientation were highrwards womed$ 0.96, p< 0.001; 358
were Caucasian, and ranged in age from 20 to 30 yearSowards mett 0.83,p< 0.001). 359
[mean M)! 23.37, standard deviation SD)! 2.40].

According to the 7-point Kinsey-like Scale that we used asa P Present gender-role self-concept. Two question-s6o
subjective measure of sexual orientation (8éesey et al., naires were used for measuring present gender—role §elf—mn—
1953, 22 women identibed as leshian (Kinsey-like &Pt Fllrst,’spr‘eakers rated t.h.en]selves on the 7-poirt (@ny 362
scores' 3) and 22 women identibed as straight (Kinsey-likeMasculingd O very feminin®) Traditional Masculinity-ses
scorest 5). This group assignment allows us to check for Fémininity Scale (TMFKachelet al, 2019, which consistsses
group variability within sexual orientations. Hence, seven©f Six bipolar items such as Ol consider myselfEO and
bisexual women (Kinsey-like score 4) were excluded from©Traditionally, my behavior would be regarded ase.O Beor

analyses except for comparisons of non-straight (Kinsey-lik§€ach person an individual scale mean was calculated, with
scores 1D5) and straight women (Kinsey-like scores 6E)ﬂlgher scores indicating more femininity/less masculinity. 368

when trying to replicate previous Pndings which were base Secqnd, speakelrs compliterclj the (.(Ejerdman versﬁen
on the comparison of non-straight and straight wome GEPAQ; Runge et al, 198) of the Extended Personalo

(detailed distributions and comparison of classibcation stra’[e’?‘tt.r |b_utes Questlonnalre Spence and Helmreich, 19)8:7.
gies can be seen in Tablg Lesbians and straight women Msis a more spec_|b_c measure of present gender-r_ole self-
did not differ signibcantly in terms of sociodemographic concept, given that it independently collects information fos

- . masculinity and femininity associated with personality cham4
characteristics such as a ianl 23.91,Mggaignt 22.86; . . ; .
tf42]! 1 AI,6 Ipl (;] 15) Feidspian straigt acteristics without referring directly to gender. In order 1o

separate masculinity from femininity, we used two scates
with eight items each. On the brst scale (GEPAQ-M), instru-
mental, goal-oriented traits, typically associated with mers,
like independence and self-conbdence, were assessedz90n
Following initial recruitment, speakers were asked tothe second scale (GEPAQ-F), stereotypical female traits
complete an online questionnaire eliciting information aboutwhich were more social-relations oriented and relatedsd¢o
sexual orientation as well as a range of related psychologicamotional expressiveness, such as helpfulness and kindsess,
attributes. All internal consistencies of the described scalesvere assessed on a 5-point scale. Two mean values for ®ach
were Cronbach@s# 0.76, indicating reliable measurement. person were computed with higher scores indicating a higher

1. Participants

2. Psychological measures

TABLE I. Distribution of speakers regarding sexual orientation on Kinsey-like Scale in studies 1 and 2 and comparison of two sexual orientittatictass
strategies.

Number per cell Classification strategy
Kinsey-like score Study 1 Study 2 Lesbians vs straight Non-straight vs straight
1 Exclusively leshian 7 9 Lesbians Non-straight women
2 Mainly lesbian 12 15 Lesbians Non-straight women
3 Somewhat lesbian 3 3 Lesbians Non-straight women
4 Equally lesbian and straight 7 3 Non-straight women
5 Somewhat straight 2 6 Straight women Non-straight women
6 Mainly straight 8 12 Straight women Straight women
7 Exclusively straight 12 9 Straight women Straight women
4 J.Acoust. Soc. Am. 141 (6), June 2017 Kachel et al.
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degree of masculinity on GEPAQ-M and a higher degree ofissigned. The mean of all items was computed with higher

femininity on GEPAQ-F. scores indicating a higher coming-out extent. 441
Three subscales of the Lesbian and Gay Identity Seade
c. Group affiliation and psycho-social ~ (Mohr and Kendra, 20)1were used to examine negatives

identification. Two circle items (seeSchubert and Otten, coming-out experiences. Each scale consisted of three items
2002 were used to measure the degree of self-assigned aftle be rated on a 6-point scale (O%trong rejectionO 445
iation to the groups of lesbians and straight women. EaclD8 strong agreemefl). Problems regarding coming-out
item consisted of seven graphics visualizing the distancevere assessed with the Difpcult Process Scale (edw.,
between a smaller circle (self) and a larger circle (group) OAdmitting to myself that IOm an LGB person has beers a
The smaller the distance and the higher the overlap betweeyery painful processO). The Concealment Motivation

the two circles, the higher the degree of group afbliation (se&cale with items like Ol keep careful control over who knows
supplemental material for visualization). about my same-gender romantic relationshipsO assessedithe

In addition to this pictorial measurement, two word- speakers® preference to hide their sexual orientation.s&he
based scales were taken frouhtanen and CrockerOs Internalized Homonegativity Scale gathered data on spesk-
(1992) Collective Self-Esteem Scale in order to asses$£rsO Wishes to change their sexual orientation, inclueing
speakersO psycho-social identiPcation as leshian or straighigms like OIf it were possible, | would choose to &®
Both measures contained four items that were rated on a Afraight.0 Means were computed for all subscales with higier
point scale (O1L strong rejection® OV strong agreemef). ~ SCores indicating more negative coming-out experiences.4s7
First, the OldentityO-subscale was used to determine the
group membershipOs importance (e.g., OThe social grouﬁ'l
belong to is an important reBection of who | amO). Second, Data collection comprised two phases. In the Prst phase,
the OPrivateO-subscale was applied to assess speakersO 38tigromen completed an online questionnaire which was
faction with group membership (e.g., OIn general, IOm glagesigned to obtain a sample evenly distributed across leshian
to be a member of the social group | belong toO). In reliabiland straight speakers. In the secoim,situ investigation 462
ity analyses, lower internal consistencies for both subscaleghase, voices of a subset of the speakers %1) were 463
(CronbachOa" 0.70) compared to the overall scale were recorded in a sound-treated room; 24 out of the 75 wonen
discovered (Cronbach@s 0.80). Thus, an overall index of who initially took part were not invited to the second phase;
psycho-social identibcation with the in-group was computedbecause they self-identiped as straight (Kinsey-hke
Higher scores indicated a higher psycho-social identipcatioscores# 5). All recordings were made by the same made;
with the in-group. Caucasian, mid-20 year-old experimenter wearing a dagk

shirt and dark pants. Recordings were done using an AKG

d. Present social environment. On the basis oHodson  C1000S capacitor microphone connected to a preamplifyirg
et al. (2009)speakers evaluated their current contact to lesaudio interface (M-AUDIO Fast Track Pro) at a sampliag
bians and straight women on two separate 7-point scalette of 44.1kHz and 16-bit amplitude resolution. 472
(01 neverO OF alway<)). Data for general gender distri- Each speaker recorded samples of read and spontanesus
bution of friends and sexual orientation of female friendsspeech. The acoustic analyses reported in both studies 41sed
were also collected on two 7-point scales (Qhen/leshians data from a particular sentence ligv/girich and Simpsona7s
only,O OF women/straight women or®). Higher scores 2013 that was directly read from paper three timess
indicated a higher proportion of female and straight femalelncluded in a list of 20 sentences were three sentences shown
friends. in (1), containing the abbreviationi®A, BII, LUU which 478

were designed to elicit sequences of long point vowel tokemns

e. Coming-out measures. TWo measures related to /ati+u¥, minimally affected by any neighboring consonants
Speakersé Coming_out were Co||ected from non_straigmr temporal COI’]StraintS g|V|ng rise to underShOOt. In mast
women only. The coming-out extent represents the visibilityvarieties of German, including the Standard, we would aiso
of same-gender orientation to the social environment as weffXPect speakers to exhibit a certain amount of junctural glet-
as negative experiences during the coming-out proces§allzation between the two vowels, often taking the formae#

Coming-out extent was assessed using a questionnaire par§eaky voice Kohler, 1994. The low fundamental fre<ss
based orHereket al. (1997) Speakers rated parental knowl- AUency typically associated with different types of glottalizase

edge of their non-straight orientation for mother and fathe/ion ensured tight interharmonic spacing, in turn allowing

separately. Subsequently, they provided information on how°" More reliable formant estimation, especially in otherwise
igher pitched female voice®\(eirich and Simpson, 20)3 489

many persons of different groups (present straight friendst,1
acquaintances, fellow students, colleagues, and boss) kno@) Sie fuhren letzte Woche zur IAA nach Frankfurt 490
about their sexual orientation (OhoneO OV all of (OThey went to the IAA in Frankfurt last week.0) 491
thenO). In order to obtain comparable values for the parentsO Wir wollen am Wochenende zur Bll nach Hamburg 492
questions, the scores were adapted to the 7-point scale: If (OWe want to go to the BIl in Hamburg during thes
neither mother nor father knew about the sexual orientation, weekend.O) 494
this was recoded as O10; if only one parent knew about it, it Sie fahren Achste Woche zur LUU nach Hannover 495
was represented with 040, and if both parents knew, 070 wasOThey are going to the LUU in Hannover next week.@)

Procedure and equipment 458

J. Acoust. Soc. Am. 141 (6), June 2017 Kacheletal. 5

ID: aipepub3b2server Time: 12:34 | Path: D:/AIP/Support/XML Signal Tmp/Al-JAS#170433



.

J_ID: JASMAN DOI: 10.1121/1.4988684 Date: 24-June-17 Stage: Page: 6 Total Pages: 17

PROOF COPY [JASA-00586] 066706JAS

497
498
499
500
501
502

503

504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551

A short sample of spontaneous speech was elicited b. Results 552

asking subjects to describe a 500-.m route through town fro”? We brst examined whether lesbian and straight speaiw®rs
the speech lab, where the recordings were made, to a mai

n . . -
university campus building. At the end of the study speaker?dmcered in any of the 12 psychological characteristics cal«

ved 10 f d volunt ficinati ected (see Tabld: Jena columns) and adjusted the signiiss
receive €uro for anonymous and voluntary participalion, e jevel to multiple test&{ 0.0042). Regarding presentes
and the purpose of the study was explained.

gender-role self-concept, leshians and straight women =dif-
fered in no measure. In terms of group afbliation, straigist

speakers were more strongly afpliated to the straight gresap
4. Acoustic analyses than lesbians, whereas lesbians were more strongly afblisted

The LPC formant tracking function iRraat (Boersma o the lesbian group than straight women. Regarding present
and Weenink, 201¢4was used to estimate the brst and sec-Social environment, lesbians showed signibcantly higher egxr-
ond formant frequencies in the middle of the three last poinf€nt contact to other lesbians and reported a more equalselis-
vowel sequences of the abbreviations described abovdribution of lesbian and straight female friends than straight
Because of higher familiarity only the third recording of the Women did. Taken together, we found the expected diftes-
sentence list was used. Formant tracking errors, especial§nces in psychological characteristics related to sexual oren-
occurring in F2 of /# and /uf, were manually corrected by tation except for gender-role self-concept. 567
the brst author. Besides the single values for each vowe
mean F1 and F2 were estimated in line wiRrerrehumbert
et al. (2004)to index vowel space shift. All three F1 values
per speaker (F1 of 4 /i+, and /uf) were added and divided Unless stated otherwise, the following analyses were
by the number of vowels to get mean F1. The same procebased on the categorization of speakers as either lesbian
dure was applied to calculate mean F2. Furthermore, overa(Kinsey-like scores 1D3) or straight (Kinsey-like scores
vowel space dispersion was calculated using the method pr&D7). Differences between lesbians and straight women wrere
posed by Bradlow et al. (1996) equating the average examined in 14 acoustic parameters (see Té#bleadjusteds7a
Euclidian distances from the three tested vowels to the balsigniPcance levek! 0.0036). Whereas most of the acoustic
ance point of the vowel triangle. Finally, information for differences were descriptively in the expected directiers,
vowel durations was collected: measurement started at theith straight women demonstrating more gender conforming
midpoint of the intervowel glottalization phase and ended atvalues than lesbians (except for F2 of /&2 of /u¥, and all 578
the beginning of the following nasal sound. Median funda-three vowel durations), not a single signibcant difference
mental frequency was calculated from the sentence list andas found (alits[42] " 2.40, allps# 0.012). 580
spontaneous speech samples of the sentence list using The failure to Pnd signiPcant acoustic differences cosdd
PraatOs pitch-tracking algorithm (autocorrelation method)be due to our debnition of the sexual orientation grouss.
We used median instead of mean fundamental frequency ifhus, we additionally tested for differences using previcas
order to better account for outliers. All acoustic measuresstudiesO group dePnition®idrrehumbertet al, 2004 ss4
were presented in the more perceptually relevant ERB valuellunsonet al, 2006 Rendallet al, 2008 Camp, 201} by sss
(Moore and Glasberg, 1983 comparing straight and non-straight women (i.e., lesbisaus

Given a! 0.05 and 22 speakers per group, largeand bisexual women). Those 20 women who identiPed them-
between-groups main effects di 0.80 could be detected Selves as mainly or exclusively straight on the Kinsey-liee
with a probability of 1$ b! 0.74 Cohen, 197y, which is  Scale formed the straight group (Kinsey-like scores 6D7)sthe
nearly satisfactory. By implication, despite our relatively remaining 31 women (Kinsey-like scores 1D5) were nemn-
large sample, we were only able to detect large differencesstraight. Again, in none of the 14 investigated parameters
In contrast to previous studie®ierrehumberet al, 2004  did we Pnd any signibcant differences (@[49] " 1.52, all so2
Munsonet al, 2006 Rendallet al, 200§ Camp, 2011van  Ps# 0.136; see Tabl#l). To conclude, no signibcant acousss

I
1. Acoustic differences between lesbian and straight 568
women 569

Borselet al, 2013, we applied the conservative Bonferroni tic differences could be found between groups. 594
correction formula when multiple testing psychological and

acoustic variables in case of replicating former pndings?- Differences within lesbians and within straight 595
(e.g., Do leshians and straight women differ in a mean fo?)yvomen 59
Hence, the overall probability of falsely claiming a correla- Contrasting two groups ignores any intragroup variabifz

tion or group difference for each testag 0.05. We did this ity and gives a false impression of clear group demarcatiog.
in order to prevent claiming differences that are due to statisThus, we next considered whether it is appropriate to teeat
tical shortcomings alone. Because this correction inf3ates thigsbians (Kinsey-like scores 1D3) and straight woraen
type Il error, we used! 0.05 when we addressed a research(Kinsey-like scores 5D7) as acoustically homogeneous emnti-
question that has not been addressed before even in casestiek. Because no previous study has investigated the acoasstic
multiple testing (e.g., What are the acoustic correlates otorrelates of sexual self-identipcation within lesbians abad
gender-role self-concept in women?). Because there is straight womenyan Borselet al., 2013had done so for leseo4
cumulated probability of a type | error in these exploratory bians only), the signiPcance level was left unadjusted dfor
analyses, study 2 was carried out to reduce its probability. exploratory reasonsal 0.05). As can be seen in Tabli, 606

6  J.Acoust. Soc. Am. 141 (6), June 2017 Kachel et al.
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TABLE Il. Mean differences between lesbians (Kinsey-like scores 1D3) and straight women (Kinsey-like scores 5B7) in psychological crenadenstistudy 1) and Berlin samples (study 2).

Jena

Berlin

ANOVA

Main effect sexual orientation

Main effect Sample

Interaction sexual orientation * Sample

Mlesbiana Mstraighta p VaIUéD Mlesbiarf MstraighlC p VaIUéj F p 92 F p 92 F p 92
Sexual orientation (objectibable measures) towards.
E men 2.05 5.00 <0.001 212 5.54 <0.001 261.70 <0.001 0.74 238 0.126 0.03 1.35 0.248 0.01
E women 5.85 1.71  <0.001 6.11 2.22 <0.001 420.02 <0.001 0.82 3.86 0.053 0.04 <1.00
Gender-role self-concept
TMF 4.48 5.12 0.039 4.57 5.25 0.014 10.83 <0.001 0.10 <1.00 <1.00
GEPAQ—P—‘ 4.27 4.25 0.833 4.05 4.16 0.459 <1.00 257 0113 0.03 <1.00
GEPAQ-M 3.30 3.24 0.743
CGNS 2.99 2.54 0.116
Group afbliation to. . .
E lesbian group 5.14 2.73  <0.001 4.70 241 <0.001 78.30 <0.001 0.45 2.00 0.160 0.02 <1.00
E straight group 4.41 6.41 <0.001 3.89 6.04 <0.001 64.39 <0.001 0.41 298 0.088 0.03 <1.00
Psycho-social identiPcation (CSES)  4.52 4.94 0.147 4.55 4.60 0.876 1.11 0.296 0.01<1.00 <1.00
Social environment
Current contact to lesbians 5.18 3.18 <0.001 5.41 3.81 <0.001 54.42 <0.001 0.37 3.11 0.081 0.03 <1.00
Current contact to straight women 5.95 6.45 0.082 6.07 6.59 0.023 8.35 0.005 0.68.00 <1.00
Sexual orientation of friends 4.55 6.33  <0.001 4.19 5.81 <0.001 80.96 <0.001 0.47 5.35 0.023 0.05 <1.00
Gender distribution of friends 4.95 4.64 0.405 4.85 4.56 0.242 1.95 0.165 0.021.00 <1.00
ChildCon to girl§ 5.81 6.04 0.374
ChildCon to boys 5.30 5.59 0.379

! 22.

The signibcance level is! 0.0042 after adjusting it to 12 tests according to Bonferroni correction formula. Signipeahtes ardold.

‘n! 27.

9The signibcance level ! 0.0036 after adjusting it to 14 tests according to Bonferroni correction formula. Signipeahtes arevold.
°Because three leshian-specibc characteristics (coming-out extent, difbcult process, and internalized homonegativity) were testedtdbetetaveit psychological characteristics measured for all Jena and Berlin
women, signibcance level was adjusted to 14 tedts0.0036. Signibcar values arévold.

fScales for these psychological characteristics ranged from 1 to 5 (all others ranged from 1 to 7). German Extended Personality Attributesr@(€s#BAGY. Endings indicate masculinity (-M) and femininity (-F)

scales. Childhood Gender Nonconformity Scale (CGNS).
9Collective Self-Esteem Scale (CSES).

NContact to corresponding gender during childhood (ChildCon).
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TABLE |lIl. Acoustic differences between lesbians and straight speakers (comparison 1) and between non-straight and straight speakers @pagparison
well as correlations of sexual orientation and acoustic parameters within lesbian and straight group in study 1.

Comparison 1 Comparison 2 Correlations
Acoustic parameter Leshidn Straight pvalu®  Non-straight  Straigh!  pvalu€®  riespiad (PValué)  rsyaignt (p value)
Median fO (ERB)
spontaneous 5.40 5.48 0.528 5.42 5.50 0.439 0.59 (0.004) 0.24 (0.285)
read 5.45 5.56 0.395 5.42 5.59 0.136 0.59 (0.004) 0.28 (0.202)
Mean formant frequencies (ERB)
F1 10.04 10.29 0.095 10.12 10.25 0.334 0.26 (0.238) $0.14 (0.546)
F2 18.92 19.06 0.358 18.96 19.07 0.417 0.53 (0.011) 0.38 (0.080)
Single formant frequencies (ERB)
F1
ot 13.48 13.76 0.168 13.59 13.73 0.467 0.16 (0.477) $0.03(0.903)
i+ 7.44 7.61 0.448 7.45 7.55 0.631 0.34 (0.116) $0.19(0.405)
Ju 7.99 8.25 0.268 8.07 8.22 0.494 0.07 (0.765) $0.10 (0.655)
F2
lat 18.09 18.02 0.795 18.15 18.04 0.661 0.51 (0.016) 0.32 (0.150)
i+ 23.09 23.41 0.069 23.18 23.42 0.157 0.30(0.177) 0.23 (0.312)
Ju 12.44 12.34 0.773 12.27 12.36 0. 7157 0.24 (0.279) 0.14 (0.536)
Vowel space dispersion (ERB) 13.24 13.67 0.051 13.39 13.67 0.176 0.09 (0.683) 0.12 (0.592)
VVowel duration (ms)
et 160.30 159.21 0.929 160.87 161.58 0.954 0.07 (0.729) 0.05 (0.833)
i+ 164.78 132.63 0.020 152.12 135.82 0.252 $0.15(0.511) 0.24 (0.282)
Ju¥ 176.35 158.19 0.164 170.69 158.03 0.321 $0.40(0.066) 0.11 (0.613)

®n! 22 with Kinsey-like scores for lesbians 1D3 and for straight women 5D7.

bThe signibcance level is! 0.0036 after adjusting it to 14 tests according to Bonferroni correction formula. Signipeahtes ardold.
°n! 31 with Kinsey-like scores for non-straight women 1D5.

9n1 20 with Kinsey-like scores for straight women 6D7.

°The signibcance level was left unadjusted due to exploratory reagbn8.05). SignibPcanp values arévold.

no correlation of acoustic parameters and sexual orientationrientation towards women, afbliation to straight group, ctw-
within the straight group was signibcant. However, the lesfent contact to leshians, sexual orientation of female friernds,
bian group showed four signiPcant correlations: The moreand coming-out extent. None of these Pve correlations issin
Oexclusively lesbianO lesbians described themselves, tirge with gender inversion theory: the more gender confomsr-
lower their median fO in spontaneous! (0.59, p! 0.004; ing and heteronormative psychological characteristics lesbians
see Fig.1) and read speech { 0.59,p! 0.004), mean F2
(r! 0.53,p! 0.011), and F2 for A (r! 0.51,p! 0.016).
The correlation with mean F2 was caused by F2 of: /a
Controlling for this variable the partial correlation was not
signibcant(! 0.29,p! 0.21).

6.0 —

3. Correlations of psychological characteristics and

acoustic measures within the lesbian group 55

O
>
)
o
=4
o
c
=
.3
.
=
=
D
[0
D
o)
=
o
>
o)
c
o)
[0
=,
o
3
7}
y D
=
>
@
o
>
D
-
he]
%)
<
o
>
o
ontaneous speech (ERB)

logical characteristics inRuence lesbiansO speech. Becal §
the only previous study including psychological characteris-
tics collected data of lesbians® coming-out age ovéy (
Borsel et al, 2013, signibpcance level was left unadjusted
for exploratory reasons. Some variables did not correlate
with a single acoustic parameter: sexual orientation towards
men, psycho-social identibcation, afPliation to lesbian
group, current contact to straight women, internalized homo- 1 5 3 5 6 7
negativity, concealment motivation, and difpculty of the Exclusively Mainly Somewhat ' Somewhat Mainly Exclusively
coming-out process. The psychological parameters depicte lesbian straight

in Table IV were correlated signibcantly at least with one Sexual self-identification on Kinsey-like Scale

aCOUS_tIC parameter._ .. - FIG. 1. Correlations of sexual self-identipcation and median fO separately
Five pSyChOIOg'CaI characteristics showed a S'gn'pcanfor straight women and lesbhians in study 1. Non-signibcant determination

correlation with only one acoustic parameter: sexualcoefbcients are depicted in parentheses.

5.0 7

4.5

edian F0 in spo

(R*=.06)
4.0
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TABLE IV. Correlations of psychological characteristics and acoustic parameters within the lesbianmgro2p)(in study 1%

Sexual orientation Current contact Affiliationto ~ Gender distribution Sexual orientation of
towards women to leshians straight group of friends female friends Coming-out extent
Acoustic parameters (p value) (p value) (p value) (p value) (p value) (p value)
Median fO (ERB)
spontaneous $0.29 (0.193) 0.17 (0.446) $0.04 (0.848) 0.24 (0.282) $0.15 (0.499) 0.29 (0.206)
Read $0.15 (0.499) 0.18 (0.437) 0.05 (0.831) 0.14 (0.546) $0.16 (0.473) 0.24 (0.286)
Mean formant frequencies (ERB)
F1 $0.07 (0.775) 0.12 (0.583) $0.05 (0.837) 0.29 (0.196) $0.11 (0.639) 0.37(0.103)
F2 $0.35(0.106) $0.01(0.951) $0.31(0.165) $0.04 (0.859) $0.23 (0.294) 0.22 (0.328)
Single formant frequencies (ERB)
F1
et 0.18 (0.427) 0.51(0.014) $0.25(0.271) 0.57 (0.005) $0.26 (0.247) 0.47 (0.030)
i+ $0.20 (0.256) $0.14 (0.542) 0.08 (0.719) $0.01(0.962) $0.09 (0.679) 0.21 (0.366)
Ju# $0.19 (0.394) $0.33(0.135) 0.18 (0.412) $0.13(0.554) 0.21 (0.518) $0.03 (0.895)
F2
et $0.16 (0.479) 0.22 (0.332) $0.43(0.041) $0.04 (0.865) $0.21 (0.349) 0.28(0.217)
i+ $0.22 (0.326) $0.08 (0.722) $0.04 (0.856) 0.17 (0.464) $0.35(0.115) 0.13 (0.569)
Ju¥ $0.40 (0.062) $0.27 (0.227) $0.17 (0.459) $0.44 (0.040) 0.32 (0.154) $0.03 (0.900)
Vowel space dispersion (ERB) 0.08 (0.736) $0.14 (0.536) 0.05 (0.844) 0.47 (0.028) $0.46 (0.034) 0.22 (0.349)
VVowel durations (ms)
lat $0.13 (0.566) 0.22 (0.320) $0.24 (0.284) 0.25 (0.270) $0.06 (0.784) 0.19 (0.415)
i+ 0.44 (0.043) 0.29(0.187) $0.22(0.333) 0.34 (0.124) $0.09 (0.703) $0.13 (0.564)
Ju# $0.00 (0.997) 0.21 (0.353) $0.24 (0.274) 0.33(0.133) $0.13 (0.557) $0.12 (0.617)

#The signibcance level was left unadjusted due to exploratory reagbn@.05). SigniPcanp values arévold.

reported (e.g., more afbliation to straight group), the less gerdriven by F1 and F2 of #. The correlation between TMF anero
der conforming were their speaking patterns (e.g., the loweF1 and F2 of # was driven by the lesbian sample, becausesno
their F2 of /af). Gender distribution of friends was the only correlation coefbcients becamgsibcant for the straight sans72
psychological characteristic that was associated with mor@le (F1 of /#: respian! 0.43, p! 0.044, rgyaign! 0.01, 673
than one acoustic parameten!(3). Two of them corre- p! 0.979; F2 of A: lespian! 0.52,p! 0.012,graigne! $ 0.13, 674
sponded to gender inversion theory, e.g., the more femalp! 0.558). The correlations for F1 and F2 of fivere driven 675
friends lesbians reported, the more expanded their vowdby one lesbian speaker [case number 11; see Bi@d.and 676
spaces. Please note, however, that obtaining 8 signibcag8{b)] who produced outliers on TMF and F2 of#/{> 3 SD). 677
results by chance when conducting 182 tests is not improbaAfter this speaker was excluded, no correlations were sigaib-
ble, so all results should be treated with caution. cant anymore. 679
4. Acoustic correlates of present gender-role self- C. Discussion 680

concept in the whole sample No signibcant acoustic differences between lesbiansand

To the best of our knowledge, there is no previous studystraight women were found, even when the classibcatian
dealing with the question whether there are any acoustic corstrategy of previous studies was used. However, we did ¢&ad
relates of present gender-role self-concept. Hence, we let signibcant acoustic correlate of sexual orientation (eg.,
the signibcance level unadjusted. In our sample consisting ahedian f0 in spontaneous and read spe&dtt)in the lesbianesss
females only (thus holding biological effects of gender con-but not within the straight group. Thus, we were able to dess-
stant), we collected data on masculinity/femininity. Becauseonstrate acoustically potent intragroup variance. 687
the Traditional Masculinity-Femininity Scale (TMF) was A small number of correlations between psychologiead
shown to be better at differentiating lesbians and straightharacteristics and acoustic parameters were found foreles-
women compared to adjective-based measures of gendebians; however, these could be due to chance. For examgale,
role self-concept such as GEPAQ-M4gchel et al, 201§  we cannot conbdently deduce that having a higher propar-
which indicates its higher validity, we calculated correlationstion of female friends is accompanied by a more expaneed
for TMF only. vowel space within the lesbian group. Moreover, we cansot

Women reporting to be more feminine on TMF had conbdently deduce that there are acoustic correlates of gore-
higher mean F1r( 0.37, p! 0.014), mean F2r{ 0.39, sentgender-role self-concept either for the overall samplessr
p! 0.009), F1of A [r! 0.31,p! 0.042; see FiR(a] and F2  for the lesbian subsample, because correlations dependegson
of /i+ [r! 0.38,p! 0.011; see Fig2(b) and TableV]. When the inclusion of one outlier. 697
controlling for F1 and F2 of #, the correlation of TMF with To increase the speaker database and scrutinizesthe
mean F1 and F2 was no longer signiPcanief, r1! 0.23,  exploratory Pndings, we conducted a second study to geba
p! 0.137;ryean r2! 0.16, p! 0.300) indicating that it was clearer picture of the interplay between sexual orientation,
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R= 10 Sexual highly homogeneous with regard to ethnicity, educationail
° orientation level, and age: nearly all women were Caucasian with a high
° group educational level and ranged in age from 19 to 30 years
8.5 1 o % ° e Lesbian (M1 23.84,SD! 2.40). The online questionnaire was agairs
° o ¢ Staight — sed to ensure a sample evenly distributed with regardzto
sexual orientation. Twenty-seven women described them-
selves as leshian (Kinsey-like scores 1D3) and 27 women
rated themselves as straight (scores 5D7). The three remain-
ing women who identiPed themselves as equally lesbianand
straight (score 4) were excluded from further analyses exeept
for comparisons between non-straight and straight wormen
(see Tabld). No signibcant differences were found for amyr
sociodemographic characteristics. Using a contingency coef-
pcient test for two non-dichotomous nominally scaled varia-
I I I I I I I bles (i.e., Crarérs phi test), almost the same proportion b
@ ! deizﬁonal :{ ascuﬁiity_hi ininitssme 7 straight 0! 16) and lesbiann(! 13) speakers were universi
sity students/(;! 0.23,p! 0.66). There were also no differs2
ences between the Berlin and Jena women regarding7any
. Ri=.15 Sexual sociodemographic characteristics, except for graduation:
°“ge;’;f$°“ straight women in Berlin were more likely to hold a universs
) sity degree than straight women in Jena .Y 0.47, 736
@ Lesbian - . f
o Straight p! 0.005). Unsurprisingly, samples dlffgrgd on.dIaIect: mast
Jena womenr(! 29) spent most of their lives in the soutis
central German region (Thuringia, Saxony), whereas mest
Berlin women (! 24) spent most of their lives in the northio
central German region (Saxony-Anhalt, Brandenburg,
Berlin;/ ;! 0.55,p< 0.001). 742

9.0 —

F1 of /i/ (ERB)

24.0

23.5

23.0

F2 of /i// (ERB)

22.5

2.0 ® 2. Psychological measures 743

All psychological characteristics were operationalizedras
21.5— 11 in study 1 and showed similar internal consistencies {al
— I I T I I CronbachQas# 0.77) except for GEPAQ-M and conceal4s
1 2 3 4 5 6 7 ment motivation which were excluded because of CronbachiOs
®) Traditional Masculinity-Femininity Scale a< 0.7. In addition to the psychological characteristics cois

FIG. 2. (a) Correlation of present gender-role self-concept and F¥ s&fp- IECt.Ed m.SIUdy 1, information on gender—rolg self-poncem
arately for lesbians and straight women in study 1. (b) Correlation of presenflUring Ch"thOdj Co_nt"f‘Ct t.O boys an_d girls during C_h|_|dh005h
gender-role self-concept and F2 of /separately for lesbians and straight and perceived discrimination experiences were elicited (see
women in study 1. supplemental material for all items). Perceived discrimination
_ experiences were reported by non-straight women only. 753
gender-role self-concept, and acoustic parameters. Can we
conbrm the tentative bndings for intragroup variability? Is a. Gender-role self-concept during childhood. The 754
present gender-role self-concept indeed linked to acoustichildhood Gender Nonconformity Scaliegeret al., 200§ 755

measures? was used to assess how well a speaker considered hersel to
have rejected common gender stereotypes during childhaod.
IIl. STUDY 2 It consisted of nine statements like OAs a child | was calleesa

o . , . tomboy by my parents and/or peersO and OAs a child I7pve-

The replication study was carried out in Berlin. foqreq playing with boys rather than girlsO that had to be rated
Additionally, the questionnaire was expanded to includey, 5-point scale (O1strong disagreeme® OB strong 761
gender-role self-concept during childhood, contact to Othe%greemerﬁ); Cronbach@s 0.88). Higher scores indicated @2
girls and boys, and perceived discrimination experiences.  pigher degree of gender nonconformity during childhood. 763

A. Method b. Childhood social environment. Similar to current7es
contact to leshians and straight women, we assessed comtact
to girls and boys during childhood. We used two 7-point fres
Recruitment strategies were adopted from study lquency-scales (®lnevertO O4 from time to timeD 767
Fifty-seven female native German speakers differing in sexO7 alway<)), one for contact with girls and one for contaet
ual orientation were recruited. None reported any voice owith boys. Higher scores indicated more frequent contactsto
speaking disorders. As in study 1, this sample was alsgirls/boys during childhood. 770

1. Participants

10  J.Acoust. Soc. Am. 141 (6), June 2017 Kachel et al.
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TABLE V. Correlations of TMF Scale and acoustic measures for the overall sample (left side) and separated for the lesbian/straight subsarsigieksilright
study 1 and 2.

Study 1 Study 2
Overall sampl® Subsamplées Overall sampl® Subsampl€s
Correlation with Lesbians Straight women Correlation with Lesbians Straight women
Acoustic parameter TMF (p value) (p value) (p value) TMF (p value) (p value) (p value)
Median fO (ERB)
spontaneous 0.18 (0.247) 0.19 (0.408) 0.12 (0.600) 0.38 (0.005) 0.48 (0.011) 0.21(0.293)
read 0.20 (0.192) 0.17 (0.446) 0.17 (0.441) 0.32(0.018) 0.36 (0.069) 0.16 (0.419)
Mean formant frequencies (ERB)
F1 0.37 (0.014) 0.43 (0.047) 0.07 (0.749) 0.14 (0.310) 0.21 (0.297) 0.02 (0.909)
F2 0.39 (0.009) 0.52 (0.013) 0.07 (0.751) 0.20 (0.153) 0.10 (0.607) 0.21 (0.306)
Single formant frequencies (ERB)
F1
et 0.21 (0.169) 0.24 (0.274) $0.01 (0.981) 0.17 (0.208) 0.25(0.216) 0.09 (0.660)
i+ 0.31(0.042) 0.44 (0.043) $0.01 (0.996) $0.08 (0.565) $0.06 (0.775) $0.13(0.524)
Ju# 0.25 (0.104) 0.26 (0.252) 0.13 (0.563) 0.13 (0.369) 0.22 (0.267) $0.02 (0.941)
F2
et 0.23(0.127) 0.32(0.148) 0.16 (0.481) 0.23(0.099) 0.09 (0.640) 0.25(0.203)
N+ 0.38 (0.011) 0.53(0.011) $0.13 (0.558) 0.16 (0.245) 0.08 (0.696) 0.20 (0.320)
Ju 0.05 (0.730) 0.02 (0.918) 0.15 (0.495) $0.05(0.716) 0.03 (0.876) $0.20 (0.330)
Vowel space dispersion (ERB) 0.29 (0.053) 0.45(0.038) $0.23 (0.296) 0.21 (0.132) 0.12 (0.555) 0.24 (0.224)
Vowel duration (ms)
et 0.07 (0.633) 0.11 (0.653) 0.04 (0.874) 0.16 (0.249) 0.16 (0.432) 0.21 (0.310)
i+ 0.02 (0.884) 0.26 (0.242) $0.07 (0.746) $0.13(0.347) $0.15 (0.475) $0.02 (0.912)
Ju# $0.15(0.327) 0.09 (0.681) $0.38 (0.080) $0.03(0.831) $0.10 (0.618) $0.05 (0.804)

#The signibcance level was left unadjusted due to exploratory reagbn8.05). SignibPcanp values arévold. Traditional Masculinity-Femininity (TMF).
b,

n! 44.
°n! 22 each group.

c. Perceived discrimination experiences. We created a carried out by a female experimenter (Caucasian, mid-26e-
13 item-encompassing scale in order to collect data on expgrear-old, wearing a dark shirt and dark pants). Recordings
riences of discrimination due to sexual orientation during thewere done with an AKG C1000S capacitor microphone cam-
last bve years. This measure is mainly based on two scalesected to a preamplifying audio interface M-AUDIO Fast
Five of our scaleOs items were based on a translated amgack Ultra and a Windows Vista Lenovo T400 PC. The
modiPed version ofHerek and BerrillOs (19903ample  sampling rate was 44.1 kHz, the amplitude resolution 16it.
Survey of Anti-Gay Violence and VictimizationSfeffens  Speakers recorded the same corpus of read speech, as veell as
et al, 201Q. Four of them were decomposed halves of twoa sample of spontaneous speech analogous to study Jeand
items showing highest discrimination scores; e.g., the ittmgyere paid 18 euro. The same acoustic measurements were

Ol was harassedO and Ol feared something could happerdgied out as in study 1. 807
meO were based on the original ¢teve you been harassed

or did you fear something could happen to yo& of our g Resuits 808
scaleOs items were based on the Everyday Discrimination ) )
Scale Williams et al., 1997 which was developed originally We brst examined whether any of the 14 psychological

to assess soft forms of discrimination regarding race; e.g., theharacteristics differed betwedasbians (Kinsey-like scoresio
item Ol was treated less politely compared to other people@3) and straight women (scores 5D7); Bonferroni adjustedsig-
based on the itenYou are treated with less courtesy than niPcance levela! 0.0036. All signibcant between-group difa2
other people areMoreover, we added two items: Ol experi- ferences from study 1 were sigigént again (i.e., afbliation t@13
enced disadvantages during renting a BatO and OOther pedpRian and straight group, curtezontact to leshians, and sexz4
ignored me.O All items of our scale were rated on a 5-pointial orientation of female friends; see TallleBerlin columns). e15
frequency-scale (Q@lneverO OB oftenO; CronbachOs No measures of present gender-role self-concept and nomes of
a! 0.79). Higher scores indicated a higher degree of perthe newly added psychological measures were signiPcant. 817
ceived discrimination.

1. Acoustic differences between lesbians and straight 818
3. Procedure and equipment women 819

Again, data were collected in two phases. After the Regarding differences between lesbians and straight
online questionnaire, sound recordings were conducted in @omen on acoustic measures, almost all values (except B2iin
sound-proofed studio. In contrast to study 1, recordings weréu# and duration in /& and /uf) were descriptively highes22
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TABLE VI. Acoustic differences between lesbians and straight speakers (comparison 1) and between non-straight and straight speakers (Qoasparison 2
well as correlations of sexual orientation and acoustic parameters within lesbian and straight group in study 2.

Comparison 1 Comparison 2 Correlations
Acoustic parameter Leshidn Straight pvalu®  Non-straight  Straigh!  pvalu€®  riespiad (PValué)  rsyaignt (p value)
Median fO (ERB)
spontaneous 5.21 5.32 0.341 5.20 5.37 0.138 $0.35 (0.075) 0.43 (0.025)
read 5.19 5.33 0.211 5.19 5.37 0.116 $0.32(0.104) 0.31(0.112)
Mean formant frequencies (ERB)
F1 10.06 10.15 0.573 10.11 10.08 0.875 $0.14(0.493) $0.20 (0.315)
F2 18.67 18.84 0.153 18.75 18.77 0.870 $0.17 (0.391) $0.24 (0.237)
Single formant frequencies (ERB)
F1
lat 13.76 13.91 0.504 13.82 13.89 0.759 $0.11 (0.597) $0.10 (0.611)
i+ 7.25 7.25 0.994 7.24 7.19 0.813 $0.05 (0.817) $0.16 (0.419)
Ju¥ 7.77 7.79 0.889 7.84 7.63 0.309 $0.26 (0.195) $0.23 (0.257)
F2
lat 17.83 18.13 0.076 17.86 18.12 0.148 0.16 (0.433) $0.01(0.948)
i+ 23.07 23.22 0.367 23.18 23.15 0.878 $0.20(0.324) $0.15 (0.470)
Ju 11.49 11.47 0.969 11.58 11.27 0.304 $0.24(0.232) $0.29 (0.140)
Vowel space dispersion (ERB) 13.55 13.75 0.267 13.67 13.74 0.697 $0.15 (0.459) $0.09 (0.668)
VVowel duration (ms)
et 160.05 158.70 0.892 157.95 159.69 0.859 $0.18(0.401) 0.09 (0.678)
i+ 154.62 144.96 0.423 153.60 167.85 0.299 $0.11(0.593) 0.01 (0.964)
Ju¥ 154.05 165.30 0.377 155.74 141.06 0.338 0.18 (0.389) 0.32 (0.112)

®n! 27 with Kinsey-like scores for lesbians 1D3 and for straight women 5D7.

bThe signibcance level is! 0.0036 after adjusting it to 14 tests according to Bonferroni correction formula. Signipeahtes ardold.
°n! 36 with Kinsey-like scores for non-straight women 1D5.

9n1 21 with Kinsey-like scores for straight women 6D7.

°The signibcance level was left unadjusted due to exploratory reagbn8.05). SignibPcanp values arévold.

g23 for straight women than for leshians. However, with anparameters depicted in TabMIl were correlated signibsas
824 adjusted signibcance level (14 test$: 0.0036), none of the cantly at least with one acoustic parameter. 849
825 tested parameters differed signibcantly (see TaXlg. Overall, 224 tests were conducted; 19 of them were 8ig-
826 Moreover, there was no acoustic difference when comparingiPcant, almost twice as many as would be expectedssdy
827 non-straight (Kinsey-like scores 1D5) and straight women, aghance (! 11). Similarly to study 1, sexual orientatioss2
828 done in previous studies (Kinsey-like scores 6D7).

829 2. Differences within lesbians and within straight ~ 65— F=.12) : B
830 women 2
. . g8 : ¢ .

831 The signibcance level was left unadjusted for explor-5 ¢ — . ! .
832 atory reasonsg! 0.05). In contrast to study 1, signibcant § e :
833 correlations between sexual orientation and acoustic paramté’ ° ° i H
834 ters could not be detected within the lesbian group, but wer<§ 3T . ° '
835 found within the straight group instead (see Taklg. As ‘E ?\g\ /:/:
836 illustrated in Fig.3, the straighter straight women called g 50 — ® ° ° : H .
837 themselves, the higher their median fO in spontaneous speeté’ ° g ; *
g3 (r! 0.43,p! 0.025). 2 ! .

g 4.5 — i L] s

S i

& :
839 3. Correlations of psychological characteristics and S !
840 acoustic measures within the lesbian group 4.0 — ° :
841 Are there are any signibcant correlations between psy { ; ; é é ;
842 chological characteristics and acoustic parameters within th Exclusively Mainly Somewhat & Somewhat Mainly Exclusively
843 leshian group? In addition to the characteristics examined it lesbian straight
844 study 1, gender-role self-concept during childhood, contac Sexual self-identification on Kinsey-like Scale

845 to boys and girls during childhood, and perceived discrimi- _ o .

. ; included. F | t FIG. 3. Correlations of sexual self-identibcation and median fO separately
846 nat'on experiences were included. For exploratory réasong,, syaight women and lesbians in study 2. Non-signipcant determination
847 the signibcance level was leftat 0.05. The psychological coefbcients are depicted in parentheses.
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TABLE VII. Correlations of psychological characteristics and acoustic parameters within the lesbianmgro@p)(in study 2

Sexual orientation Psycho-social Current contact Affiliationto  Affiliationto  Sexual orientation Internalized
towards women identification (CSES) to lesbians lesbian group straight group of female friends Difficulty of coming-out homonegativity CGNS
Acoustic parameters (p value) (p value) (p value) (p value) (p value) (p value) processff value) (p value) (p value)
Median fO (ERB)
spontaneous 0.14 (0.502) $0.28 (0.165) $0.07 (0.717) 0.11 (0.603) 0.16 (0.434) $0.03 (0.884) $0.21 (0.315) $0.14 (0.474) $0.45 (0.019)
read 0.18 (0.318) $0.11 (0.570) 0.00 (0.997) 0.10 (0.616) 0.21 (0.306) $0.15 (0.467) $0.31 (0.129) $0.22 (0.265) $0.48(0.011)
Mean formant frequencies (ERB)
F1 0.23(0.250) 0.13 (0.505) $0.12 (0.568) 0.30(0.127) 0.31(0.118) 0.30(0.128) $0.32 (0.111) $0.45(0.018) $0.31(0.121)
F2 $0.38 (0.048) $0.28 (0.158) $0.50(0.008)  0.04 (0.854) 0.07 (0.743) 0.60 (0.001) $0.21 (0.293) $0.02(0.937) $0.26(0.196)
Single formant frequencies (ERB)
F1
et $0.06 (0.770) 0.07 (0.726) $0.32(0.107) 0.05 (0.824) 0.44 (0.022) 0.39 (0.048) $0.13(0.521) $0.45(0.019) $0.15(0.448)
i+ 0.20 (0.307) 0.17 (0.405) 0.03 (0.887) 0.26 (0.199 0.07 (0.746) 0.19 (0.337) $0.23 (0.259) $0.22(0.273) $0.19 (0.340)
Ju# 0.50 (0.007) 0.05 (0.793) 0.17 (0.406) 0.44(0.021) 0.20(0.328) $0.01 (0.948) $0.41 (0.040) $0.25(0.206) $0.36 (0.065)
F2
et $0.28 (0.163) 0.43 (0.024) $0.29 (0.144) 0.16 (0.421) 0.13(0.513) 0.36 (0.064) $0.35(0.078) $0.50(0.008) $0.18(0.365)
N+ $0.30 (0.125) $0.44 (0.021) $0.30(0.129) 0.04 (0.835) 0.02 (0.906) 0.58 (0.002) $0.05 (0.828) 0.21 (0.306) $0.22(0.263)
Ju# $0.16 (0.440) $0.33(0.089) $0.43(0.026) $0.12 (0.567) 0.02 (0.941) 0.14 (0.482) $0.15 (0.480) 0.07 (0.717) $0.09 (0.674)
Vowel space dispersion (ERB) $0.27 (0.170) $0.37 (0.054) $0.17 (0.396) 0.03 (0.870) 0.11 (0.572) 0.55 (0.003) 0.09 (0.652) 0.20 (0.311) $0.15(0.459)
Vowel durations (ms)
¥ $0.13 (0.532) $0.27 (0.199) $0.18 (0.399) $0.12(0.580) $0.12 (0.577) 0.11 (0.609) 0.23(0.276) 0.01 (0.949% 0.22 (0.282)
i+ 0.03 (0.886) $0.12 (0.550) $0.34(0.094) $0.04 (0.851) 0.01 (0.945) $0.34(0.091) 0.08 (0.710) 0.05 (0.810) 0.03 (0.895)
Ju¥ $0.12 (0.567) 0.04 (0.863) 0.01 (0.966)$0.41 (0.038) $0.27 (0.188) $0.01 (0.964) $0.17 (0.430) 0.02 (0.932) 0.20 (0340)

#The signiPcance level was left unadjusted due to exploratory reagbn.05). SigniPcanp values arévold.
PCollective Self-Esteem Scale (CSES).
“Childhood Gender Nonconformity Scale (CGNS).
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towards women, current contact to lesbians, afbliation talena vs Berlin%62 (sexual orientation: lesbian vs straight
straight group, and sexual orientation of female friends wereanalysis of variances (ANOVAS) on the measures collected
correlated with at least one acoustic parameter within lesbiangor all speakers. Additionally, we compared lesbians frem
however, gender distribution of friends and coming-out extentlena and Berlin regarding lesbian-specibc psychologigal
were not signibpcant. Of the newly included characteristicscharacteristics (adjusted signiPcance levals:0.0036). 895
only gender-role self-concept during childhood correlated  All psychological characteristics that differed betweesn
with one acoustic parameter: the lower childhood gender nonlesbians and straight women in the Jena and the Berlin sam-
conformity, the higher median fO in spontaneous® 0.45, ple were found to show signibcant effects of sexual oriemta-

p! 0.019) and read speechi ¢ 0.48,p! 0.011). tion (Fs[1,94]# 54.42,ps< 0.001,g?# 0.37; see Tablél): 899

Afbliation to lesbian and straight group, GEPAQ-F, current
4. Acoustic correlates of present gender-role self-con- contact to leshians, and sexual orientation of female friends.
cept in the whole sample Additionally, sexual orientation had a signibcant effect @n

Considering lesbians (Kinsey-like scores 1D3) andlMF (F[1, 94]! 10.83, p< 0.001, g°! 0.10): Straighteos
straight women (scores 5D7) and leaving the signiPcanc&omen called themselves more feminine/less masculine
level unadjusted for exploratory reasons, present gender-roié‘a” lesbians. Psycho-social identibcation, current contaetso
self-concept showed acoustic correlates (see TshleThe  Straight women, and gender distribution of friends showesl
more traditionally feminine women described themselves of®© signiPcant sexual orientation effedes(1, 94]" 8.35, 907
TMF, the higher their median fO in spontaneous (0.38,  PS# 0.005, g°" 0.08). There was no signibcant effect afs
p! 0.005: see Figd) and read speech { 0.32,p! 0.018). sample (allFs[1, 93]" 5.35, allps# 0.023, allg”" 0.05) or 909
However, no vowel-related correlations were found, not repinteraction of the two factors (alFs[1, 94]" 1.35, all 910
licating study 10s bndings concerning F1 and F2of /i ps# 0.248, all g*" 0.01). Regarding lesbian-speciPc psy:

In study 1 correlations of present gender-role self-con-chological characteristics, no signiPcant difference between
cept and acoustic parameters were due to the lesbian groulgsbians from Jena and Berlin could be observed ¢adl
Hence, in study 2 we also computed all correlations for thdts[46] " 2.70, allps# 0.010). 914
straight and the leshian group separately. In the straight Inthe ANOVAs for acoustic characteristics, we founda
group, no signibcant correlations with present gender-rolénain effect of sample for one acoustic parameter (all other
self-concept and median fO or any other acoustic measurEs[1, 94]" 6.33, all otherps# 0.014, all otherg®" 0.06): 917
could be observed (ajrs" 0.24, allps# 0.24). However, Jena women scored higher than Berlin women on F2 h dis
the more feminine lesbians called themselves, the highetMsena! 12.39,Mgerin! 11.48;F[1, 94]! 16.09,p< 0.001, 919
their median fO for spontaneous speech 0.48,p! 0.011). ¢°! 0.15). No main effect of sexual orientation (&k[1, 920
As in study 1, correlations of TMF and median fO in the 94]" 5.25, allps# 0.024, allg?" 0.05) or interaction effecb21
overall group were driven by the lesbian group. But in con-was signibcant (allFs[1, 94]" 1.50, all ps# 0.224, all 922
trast to study 1, the Pndings were not due to outliers. gz" 0.02). 923

5. Differences between Jena and Berlin women C. Discussion 924

Taken together, despite similarities in the size and com-  Replicating study 1, no acoustic differences were founsl
position of the samples, we obtained a number of differencebetween lesbians and straight women, even if the classikbea-
in Pndings. In order to check if these differences were due téion strategy from previous studies was applied. Howeverzin
differences between samples in psychological characteristidéie with study 1, we found evidence that lesbians andl
and acoustic parameters, we conducted a series of 2 (sampkiraight women cannot be considered internally homogerous
groups. Although in contrast to study 1, no correlationsoaf
sexual orientation and acoustic parameters were foundfor

R*=.14 Sexual - . : . -
657 orientation the lesbian group, there was a correlation with median f@3n
group spontaneous speech for the straight group. 933

© Lesbian Moreover, intragroup variability for lesbians regardinep

® Straight various psychological characteristics is consistent with stegy
1. Sexual orientation towards women, current contact to tes-
bians, afpbliation to straight group, and sexual orientatiorvaf
female friends showed acoustic correlates again. Regarging
the psychological data additionally collected in study 2, onty
childhood gender nonconformity showed acoustic correlates:
The more gender conforming lesbhians described themselves
during childhood, the higher the median f0. Hence, variapce
1 | | | | l 1 within the lesbian group was demonstrated again. 943
1 & + 4 3 B 4 As in study 1, acoustic correlates of gender-role selfr
Traditional Masculinity-Femininity Scale concept were found. However, this time speakers did notase
FIG. 4. Correlation of present gender-role self-concept and median fO invowel space characteristics but median fO independentsof
spontaneous speech separately for lesbians and straight women in study 2.speech mode (spontaneous vs read speech) to refl3ectotheir

4.0 b

Median f0 in spontaneuos speech (ERB)
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masculinity/femininity. In line with study 1 it was driven by Further evidence for acoustically potent within-groug
lesbians. However, it was not due to outliers. Hence, presertifferences was found when focusing on lesbians. The isec-
gender-role self-concept was shown to have acoustic corresnd piece of evidence was demonstrated when lookingoat
lates for lesbians. actual masculinity/femininity. Hitherto, acoustic studiesiom
One main difference occurred in result patterns: Wegendered speech have often concentrated on biologicalodkif-
found an opposite effect of sexual orientation on the intraferences, directing less attention to social componentsiof
group level, with straight women but not lesbians differing gender (seesmyth and Rogers, 2008To our knowledgesoi1
in acoustic parameters. Different result patterns between theurs is the brst study investigating whether social compo-
two samples can only partially be attributed to acoustic andhents of gender are re3ected in speech as well. We found
psychological differences between the Jena and Berlircoustic correlates of lesbiansO present gender-role selfscon-
women. Jena women produced higher F2 values fétihan  cept. The more feminine/less masculine lesbians described
the Berlin women did. However, no between-sample differ-themselves, the higher their median fO in spontaneous.@nd

ences in psychological characteristics occurred. read speech (study 2). This Pnding supports gender inversion
theory given that a higher degree of gender conformityis
IV. CONCLUSIONS accompanied by more gender conforming speaking pattems.

. S The third piece of evidence for acoustically potenb
The present study represents a large-scale InVesngat'o\}'\)ithin-group differences was obtained when looking at other

of_the acoustic correlatt_—:‘s of womenOs sgxual orientatio sychological characteristics of leshians. Sexual orientation
using a German-speaking sample, applying Pne-graine

. . ' ; wards women, current contact to lesbians, afbliatiomoio
!”neasurement'of. sexual orlentat!on, and |nc!ud|ng pSyChOIC)gétraight group, and sexual orientation of female friends hease
ical cha(ljr_?fcterlstlcs. AS shfown dmf tWOGStUd'eS' Inobpetween'repeatedly shown acoustic correlates. Some bPndings support
group ditferences were found for >erman [esbians ar7c§tereotypical association of straightness and gender confozm-

straight women in speaking patterns, even when the classn?ﬁg speaking patterns (study 1: the higher lesbians® sexual

cation strategy of previous studies was used (non-straight Vigientation towards women, the lower their mean F2; stuely
straight). That challenges gender INVersion the(b_me_( and_ 2: the more female friends lesbians report, the higher thesir
Deaux, 198y. Our Pndings on median f0 are not in line with 1 i /ay) while others contradict it (study 1: the more afilizo

studies focusing on connected speech that converged on thgq esbians reported to straight women, the lower theirof2
Pnding that straight women showed higher mean fO than lesg, /ay: study 2: the more female friends lesbians report,ithe

bians Camp, 2011van Borselet al, 2013, but replicated |5\ver their F2 in ). 1033
null Pndings of studies that investigated vowel-speciPc  p|| three pieces of acoustically potent within-group varss
mean fO valuesRendallet al, 200§ Munsonet al, 2009.  japjlity indicate that straight women and especially lesbians

Moreover, we found no signibcant differences in VOwelcannot be considered as internally homogeneous groups.
space characteristics, in line withlunson et al. (2006)  Qverall, this bnding contradicts gender inversion theory
However, our results are not consistent with studies thapecause lesbians (and straight women) were stereotypicadly
demonstrated higher mean F1 and F2 values for straighissumed to form a homogeneous group with respect torpsy-
compared to non-straight womerPigrrehumbertet al,  chological characteristics and speaking patterns. Futase
2004 Rendallet al, 2008. Sexual orientation classibcation research should investigate the intragroup variability afsa
strategy had no impact on result patterns. male sample and include psychological characteristics, esge-
Although there were no between-group differences, Wesjally present gender-role self-concept, as well. 1043
found several pieces of evidence for acoustically potent \when dealing with acoustic correlates of sexual orienta-
within-group differences. First, a more detailed analysis oftion in women, the question arises what constitutes leshian/
sexual orientation y|e|ded evidence for Within-group aCOUS-Straight speech, and we need to decide between two penspec-
tic variability: The more exclusively lesbian lesbians tives: Olinguistics of communityO vs Olinguistics of contactO
described themselves, the lower their F2 i#¥ s well as (Barrett, 1997_ The brst perspective focuses on |anguage/
median fO in read and spontaneous speech (study 1: makheech communities which seem to coincide with socialioag-
experimenter), which contradictean Borselet al. (2013)  egories Barrett, 1997. This is what we did implicitly whenoso
Similarly, the more exclusively straight straight women conducting our research on lesbians and straight women.
called themselves, the higher their median fO in spontaneoushe second perspective counters that language communities
speech (study 2: female experimenter). Summing up, we recare not externally debnable categories because it is unockear
ommend the use of bPne-grained sexual assessment scal@sich characteristics someone ought to possess to be seen as
such as continuous, one-dimensional, bipolar measures (e.@ social category member (see a@oeen, 1997on who is aoss
Kinsey-Scale) and the use of continuous two dimensionaltrue lesbianZwicky, 1997. It highlights that social categasese
unipolar measures separating sexual orientation towards meies are not homogeneous and that they do not strongly differ
and women and thus also allowing for a phonetic investigafrom each otherl{evon, 2006 Zwicky, 1997, and acknowl4oss
tion of bisexual and asexual women. Moreover, we recomedges that there are intraindividual differences in speech.gat-
mend a speech accommodation experiment manipulatingerns, for instance, depending on the communicative comtext
experimenter gender and investigating its impact on speakfi.e., topic of the conversation, location, listeners et
ersO median f0, depending on speakersO sexual orientatMfaksler, 2001 Levon, 200§. We used sexual selfes2
for future research. categorization in order to circumvent externally attributes
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community memberships (s&mythet al, 2003, but pro-  to answer the question how a lesbian (or a straight woman)
vided evidence that sexual self-categorization and morepeaks because intragroup variability erodes stereotypesiz3
objectipable measures of sexual orientation seem to repre-

sent the same underlying construct. We sub-classibed 1e#CKNOWLEDGMENTS 1124

bians and straight women using a pne-grained sexual 1pg cyrrent research was funded by a grant fromithe
orientation measurement and other psychological charactefsarman Research Foundation to the third and second
istics to account for intragroup variability. Hence, our 5 thors (DFG STE 938/10-2; FOR 1097). We thaitikgliz7
approach integrated both perspectives. _ Dreyer, Dr. Susanne Fuchs, and Dr. Stefanie Jannedy from
Although we used a relatively large sample size, testyqo "center for Applied General Linguistics in Berlin fopo
power in our analysis was low and was lowered further by, oyiding a phonetic laboratory, we thank Karoline Nesties
adjusting the signibcance level to the number of tests, except,, help with data collection and Felicia Schuld and Felix
in exploratory analyses. However, a high risk of not detect-gyy ol for data pre-processing. Moreover, we kindly thank

ing actual acoustic differences between two groups is morgasa®s responsible associate editor Laura L. Koenigiand
justibable when dealing with a highly sensitive topic as S€X-anonymous reviewers for valuable comments on previgus

ual orientation. It is important to know the probability of \,arsions of this manuscript. 1135
falsely claiming differences between lesbians and straight 1136
women and thereby unnecessarily contributing to a scientiPGsee supplementary material &ttp://dx.doi.org/10.1121/1.498868#r 1137
foundation of speech and voice stereotypes (see Bec. detailed overview about psychological measures. 1138
Hence, we recommend that future studies rely on even IargeBraeck H., Corthals, P., and van Borsel, 2013. OPitch characteristics ;ig
numbers of lesbians and straight womer (100 per group) homosexual malesDVoice25, 2110214, 1ia1

and simultaneously lowering the number of investigated psysailey, J. M., and Zucker, K. J1095. OChildhood sex-typed behavior did2
chological and acoustic characteristics to assure high testsexual orientation: A conceptual analysis and quantitative reviéey1143
power. Psychology31, 43D55. 1144

. . . . . Barrett, R. (997. OThe Ohomo-geniusO speech communityQDeierlyl1145
As in every StUdy deallng with sexual orientation, the Phrased. Language, Gender, and Sexuaétjited by A. Livia and K. HallL146

generalization of the results is restricted. We do not know (oxford University Press, New York), pp. 1819201. 1147
how acoustic, psychological, or other characteristics are disBoersma, P., and Weenink, [2q14. OPRAAT: Doing phonetics by cort48

tributed within sexual minority population§éndfort, 199Y. puter (version 5.3.71) [computer code]tp://www.praat.org/(Last1149
viewed September 18, 2014). 1150

Additionally, it is very likely that sexual minority members gragiow, A. R., Torretta, G. M., and Pisoni, D. BL499. Olntelligibility of1151
who are comfortable with their sexual orientation are more normal speech I: Global and Pne-grained acoustic-phonetic talker chidfec-
likely to participate in a study explicitly calling for lesbians _teristics,G5peech Comn20, 255D272. 1153

- 3 : . amp, M. @011). OJapanese lesbian speech: Sexuality, gender identity1%hd
and bisexual women. Therefore, self-selection and PRy language,O Ph.D. thesis, University of Arizona, Columbus, OH, 216 pig.55

effects induced by a direct reference to sexual orientation ar@ohen, J. 1977. Statistical Power Analysis for the Behavioral Scien&es

major problems for all studies on sexual minorities. (Lawrence Erlbaum Associates, Mahwah, NJ), 567 pp. 1157
Our recordings were done in a Iaboratory by experi_Eckert, P. 1990. OThe whole woman: Sex and gender differences inlvaf

. . ~ . . __jation,CLang. Variation Chang#, 245D267. 1159

menters with prior knowledge of speakersO sexual orientatiqil on' ¢. .. and Bladon, R. A, WL985. OBreathiness in normal femalEs0

and analyzed with regard to acoustic parameters commonlyspeech: Inefbciency versus desirabilita@g. Communs, 2219227, 1161
used in studies on the speech of sexually divergent womerkierek, G. M., and Berrill, K. T.1990. ODocumenting the victimization {62

] : : ODo i : o
We are well aware that (1) experimenters may have subcon-f?&i&%igd gay men: Methodological issues, (terpersonal V'O'E”Cﬁﬁ ;

scious]y tregted speakers Qifferently depending on their S€X3erek, G. M., Gillis, J. R., Cogan, J. C., and Glunt, E. K997. OHatd.165
ual orientation, (2) recording spontaneous speech in morecrime victimization among lesbian, gay, and bisexual adults: Prevaléhge,
natural surroundings may elicit more representative or bsychological correlates, and methodological issuek, nterpersonal167

: Violencel2, 195D215. 1168
extreme patternsP(odesva, 20%Isee also Waksler, 2011)' Hodson, G., Harry, H., and Mitchell, A2009. Olndependent benebts1d69

and (3) two studies focused on other acoustic parameterscontact and friendship on attitudes toward homosexuals among authd#itr-
such as spectral energy distribution in /s/ agt(Munson ians and highly identibed heterosexual€0r. J. Soc. Psychol39, 1171
et al, 2009 and speaking rateMunson, 201 Future stud- 5099525 . Hrz
. h |da | P g. M blind n K ~ Jéatﬁobs, G.1996. OLesbian and gay male language use: A critical revielit 6F
ies should rely on experlmenters ind to speal ersQ SeXUdke terature,dm. Speect1, 49D71. 1174
orientation, reduce artifacts of laboratory speech by investigefireys, S. 1999. OBisexual politics: A superior form of feminism2/35
gating natural surroundings by using mobile microphones WomenOs Studies Int. For@® 273D285. 1176

(Podesva 20])1 and investiogate other acoustic CorrelateSKaCheI’ S., Steffens, M. C., and Niedlich, @0(§. OTraditional masculir1-177r
\ 9 ity and femininity: Validation of a new scale assessing gender rolés®©

worthy of scrutiny, such sibilant features, speaking rate, and rront. psycholz, 1919. 1179
voice quality (e.g., breathinesSjmpson, 2009Henton and  Kinsey, A., Pomeroy, W., Martin, C., and Gebhard, R953. Sexuall180
Bladon, 1985. Behavior in the Human Fema(&aunders, Philadelphia, PA), 842 pp. 1181

. . Kite, M., and Deaux, K.1987. OGender belief systems: Homosexuality &P
Undoubtedly, the most important general Pnding of the ¢ it inversion theory, @sychol. Women Quart1, 83D96. 1183
present study, which will inform future studies, is that differ- kiein, F., Sepekoff, B., and Wolf, T. 11085. OSexual orientation: A multi-184

ences between the group categorizations that have oftenvariable dynamic processJOHomosexualityL1, 35D49. 1185

; ; ; ; ; ohler, K. J. (1994. OGilottal stops and glottalization in German. Data ‘5@
been adopted in previous studies (e.g., lesbian vs stralgh'f,theory of connected speech processBh@neticas, 38D51. 187

straight vs non-straight) are less important than differencegyjick p. (2000. OGay and lesbian languagéy®u. Rev. Anthropol29, 1188
found within these groups. Given that, it becomes less easy 243p285. 1189
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ONLINE APPENDIX: SCALE DESCRIPTIONS

Sexual orientation

6H[XDQ HMOQWLILFDWILRIY 6 FDYOM \
WHBHIDUGLQJ P\ VH[XDOHRUWHQWBWLRQ |,

(IFOXV|[O0DLJ BRPHZ| (TXDOO\ ( BRPHZK 0DLQ ([FOXVL
OHVEIl OHV| OHVE| DQG VWl VWwWUD| vwul VWwWUDL

7KH VFDOH XVHG LQ WK S UMK H @RQ OM\X AQMHEDBRPGH UR\ 0DUWLQ DQG
WKDW KDV EHHQ DGDSWHG LQ VHY H U DO HADEMD\OW HHIREPFR V- WBIBG OFDRIUIK D J
FRPSUHKHQVLEOH VPDQ 8 a3 HMFQU\D\E PEDBHRR PN HWHURVH[XDO RQO\ LQFI
KRPRVHEMMHHSLQJ WKH HTXLGLVWDQFH RI WKH VFDOH SRIMRWY DXQGHG \
USROHG WKRIUGHIOOWR EDYH D KLJKHU VWUDLJKWQHVV LQGLFDWHG E\ KL

BH[XDO RULKMEPEDWER PHQ DQG ZRPHQ PRUH REMHFWLILDEOH PHI
3+RZ RIWHQ KDYH \RX H[SHULHQFHG

9H U] JURP W 9H U
1HYH VHO({ BHOG WR W/| 2IWH RIW| $0ZD

«WH[XDO ID
ZLWK
«WH[XDO ID
ZLWK Z
«RPDQWLF
WRZD U (

« RPDQWLF
WRZDUGV

« K\VLFDO @
WRZDU(

« K\VLFDO @
WRZDUGV
«WH[XDO LQ
ZLWK

« H[XDQWH{
ZLWK Z




Present gendefrole self-concept

7TUDGLWLRQDQHPDQDAIDQAMQLAMWDOH 70) E\ .DFKHO 6WHIIHQV DQG 1
9H U\ 9H U\
PDVFEX IHPLQ

, FRQVLGHKU P\V] | | | | | | |
,GHD,OZRX0OG Od | | | | | | | |
7UDGLWLRQDOO
ZRXOG EH U&JDI
7UDGLWLRQDOO
DQG EHOLHIV ZR
UHJDU&GHG DV

7UDGLWLRQDOO
ZRXOG EH U&«JDI
7UDGLWLRQDOO
DSSHDUDQFH ZR |
UHJDU&GHG DV

German Extended Personal Attributes Questionnaire MasculBdgle (GEPAEM by Runge, Frey,
Gollwitzer, Helmreich, and Spence, 1981).

IRW LQGH 9HU\ LQGHS
9HUS DV 9HU\ DFWLY

1IRW FRPS 9HU\ FRPSH

"HFL 1IRW GHFLVI

*LYHV XS IHYHU JLYH
1IRW ¥RQIL 6HFIRQILGH

JHHOV L JHHOV VXSH
"RHYWQ VW XQGE BWDQGV XS
SUHYV SUHVVXUH

*[tems with asterisks had to be recoded (1to5,2to4,3t03,4t02,5t01)
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German Extended Personal Attributes Questionnaire Femir8ugle (GEPACF by Runge, Frey,
Gollwitzer, Helmreich, an&pence, 1981).

I1RW HPR 9HU\ HPRWL
"HYRWHYV VH WRRHZ\[V?V?(HHTJT/
9HU\ U 9HU\ JHQWO

I1RW KH 9HU\ KHOSI

9HU\ X Q 9HU\ NLQG

1RW DZDUH $ZDUH RI IH
I1RW XQGHU 9HU\ XQGHU

&R C :DUP

*Items with asterisks had to be recodqédo 5, 2to 4,310 3,4t02,5ta 1)

Gender-role selfconcept during childhood(Study 2 only)

Childhood Gender Nonconformity Scale (CGNS by Rieger, Linsenmeier, Gygax, and Bailey, 2008).

VWUR 3D U\ VWUR
GLVD SDU DJUH

, ZDV D PDVFXOLQH JLUO | | | | |
$V D FKLOG , ZDV FDOOHG [
DQG RU SHHUYV
$V D FKLOG , VRPHWLPHV Z
ER\ UDWKHU WKDQ D JLUO
$V D FKLOG , SUHIHUUHG S¢
WKDQ JLUOV
$V D FKLOG , SODDWMSLFDQ | | | | |
$V D FKRO/MBHQ IHOW WKDW |,
ZLWK ER\V WKDQ JLUOV
$V D FKLOG , XVXDOO\ DYRI | | | | |
$V D FKLOG , OLNHG FRPSH
VRFFHU RU EDVNHWEDOO
$V D FKLOG , EHKDYHG OL | | | | |
*Items with asterisks had to be recodqédo 5, 2to 4,310 3,4t02,5ta 1)
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Group affiliation (Affiliation to lesbians)

,WHP 330HDVH PDUN WKH SLFWXUH WKDW GHVFULEHV \RXU UHOD

Self Lesbians

| i 7

Y, Y,
[
AN

(§O]

DOARR

Self Lesbians
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Group affiliation (Affiliation to straight women)
,WHP 330HDVH PDUN WKH SLFWXUH WKDW GHVFULEHV \RXU UHOD

Self Straight women

| N 7
G, Y,
~ [
O

(§®]

DOAPER

Self Straight women



Psychasocial identification

Collective SeHEsteem Scale (CSES by Luhtanen and Crocker, 1992).

6WUR
UHMH

6WUR
DJUHH

SULYDX\EW FDOH

, RIWHQ UHJUHW WKI
VRFLDO JURXS

,Q JHOQHPUDMD G WR EH
RWRKHRFLDO EWHRORIJI W

2YHUDOO , RIWHQ IH
JURKY QRW ZRUWKZKI

, IHHO JRRG DERXW W
EHORQJ WR

,GHQWXABMFDOH

2YHUDOO P\ JURXS H
YHU\ OLWWOH WR GR
P\VHOI

7KH VRFLDO JURXS , |
LPSRUWDQW UHIOHFW

7KH VRFLDO JURXS ,
XQLPSRUWDQW WR P\
RI D SHUVRQ , DP

,Q JHQHUDO EHORQJ
JURXS LV DQ LPSRUW
LPDJH

*[tems with asterisks had to be recodédo 7,2t06,3t05,4t04,5t03,61t02,71t0 1)



Present social environment

Current contact to lesbians (by Herek, Gillis, Cogan, and Glunt, 1997).

,WHP 3)UHTXHQF\ RI FRQWDFW WR OHVELDQV ~
1HYH| $OPR| 6HOGH 6RPHW| 2IWH 9HU\| $0ZD
QHYH RIWH

Current contact to straight woméhy Herek, Gillis, Cogan, and Glunt, 1997).

yWHP 23)UHTXHQF\ RI FRQWDFW WR VWUDLJKW ZRPHQ °
1HYH| $OPR| 6HOGI 6RPHW 2IWH 9HU\| $0ZzD

QHYH RIWH

Gender distribution of friends.

,WHP 30\ FLUFOH RI IULHQGYV FRQVLVWYV RI

«PHQ R «PHQ| «VRPHZ «PHQ [ « VRPHZ4 «ZRPH| «ZRPH
PDLQ¢ PRUH H ZRPH( PRUH PDLQ( RQO\

HTXD( ZRPH(

Sexual orientation of female friends.

,WHP 30\ IHPDOH FLUFOH RI IULHQGY FRQVLVWYV RI ’
« OHVE « OHVE «VRPHZ «OHVE «VRPHZ « VWUIL « VWUL
RQO\ PDLQ( PRUH DQG PRUH ZRPH( ZRPHC(
OHVEL VWUD VWUD PDLOQ{ RQO\
ZRPH( ZRPHC(Q

HTXD




Childhood social environment (Study 2 only)

Contact to girls during childhoad

,WHP 3&RQWDFW WR JLUOV °
IHYHL 9H U\ 6HOGR )URP W 2IWH( 9HU\ Rl $02zD\
VHOG WR W
Contact to boys during childhood.
,WHP 3&RQWDFW WR ER\V ~’
IHYHL 9H U\ 6HOGR )URP W 2IWH( 9HU\ Rl $02zD\
VHOG WR W

Coming-out measures (Data collected for nostraight women only)

Comingout extent.

JWHP
JWHP

(7TKH VFRUHV IRU SDUHQW VY -palhtsBale if brikeHto& Eospétdlde Vil ResVibKath
overallcomingRXW H[WHQW LQGH]
orientation, WKLY ZDV UHFRGHG DV 3~

ERWK SDUHQWY NQHZ D 3" ZDV DVVLJQHG

,WHP

$'RHV \RXU PRWKHU NQRZ DERXW \RXU VH[XDO RULHQWDWL
S'RHV \RXU IDWRXHW WHIRD ® RRRXWQWDWLRQ"’

LI QHLWKHU PRWKHU QRU
LI RQO\ RQH SDUHQW NQHZ DEF

+RZ PDQ\ SHUVRQV RI WKH IROORZLQJ JURXSV LI H[LVWLC

1RQH

+DOI
WKH

$00
WKH

BUHVHQW VWU

$FTXDLQWDQF

JHOORZ VWXG

&ROOHDJIXHV

RVV

<HV QR

IDWKHU N




b

Negative comingut experiences.

6WUR
UHMH

6WUR
DJUHH

'LITLFXOW BYXRVHNO

HERORK® DQG .HQGUD

$GPLWWLQJ WRPRDQ
/*% SHUVRQ KDV EH
SDLQIXO SURFHVYV

$GPLWWLQJ WRP D Q
/*% SHUVRQ KDV EH
SURFHVYV

*KDYH IHOW FRPIR]
VH[XDO LGHQWLW\ |
VWDUW

&RQFHDOPHQWXEWE D DWARRIRKE DQG

. NHHS FDUBIRG HFR
NQRZV DERXWHR\GWH
URPDQWLF UHODWL

,2SUHIHU WR NHHQ @
URPDQWLF UHODWL
SULYDWH

0O\ VH[XDO RULHQWI
SHUVRQDO DQG SUI

 QWHUQDOL]JHG +RP

I LW ZHUH BRX Y GER
WR EH VWUDLJKW

, ZLVK | VAMHWBL IJKW

, EHOLHYH LW LV X(
DWWUDFWHG WR SH

JHQGHU

*|tems with asterisks had to be re

codddto 6, 2t05,3t04,4t03,5t02,61t0 1)
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Perceived discrimination experiences (Study 2 only).

IHYH

2QFH

5DUH

6RPH
WLPH

2IWH

2ZWKHU SHRSOADWBF
XQFRPIRUWDEOH W

, ZDV LQVXOWHG R

, IHDUHG VRPHWKLU
WR PH

&RPSDUHG WR RWH
OLNH , ZDV WUHDW

, ZDV Kb@DVYV

, UHFHLYHG SRRUH
RU UHVWDXUDQWYV

,Q VKRSV , ZDV LJ(
XQIULHQGO\

, ZDV WKUHDWHQH

2ZWKSHRSOH WUHDYV
OHVV UHVSHFW

2ZWKHU SHRSOH LJ¢

, ZDV WUHDWHG O}
FRPSDUHG WR RWHK

, H[SHULHQFHG GL
GXULQJ UHQWLQJ |

, ORVW P\ MRHEARB(

EHFD¥PVOHYVY RIUDBL V|
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Purpose:The present study aims to give an integrative answer on \sphedch stereotypes exist
towards German gay and straight men, whether and how acoustic correlates of actual and perceived
sexual orientation are connected, and how this relates to mascidmityfhity. Hence, it tests

speech stereotype accuracy in the context of sexual orientation.

Method:25 gay and 26 straight German speakers provided data forgréimed psychological
selfassessment (e.g., masculinity/femininity) and explicit speecbdipes. They were recorded

for an extensive set of read and spontaneous speech samples using microphones and nasometry.
Recordings were analyzed for a variety of acoustic parameters (e.g., fundamental frequency and

nasalance). 74 listeners categorizpéakers as gay or straight based on the same sentence.

Results:Most relevant explicitly expressed speech stereotypes enconpespiich, nasality,
chromaticity, and smoothness. Demonstrating implicit stereotypes, speakers were pasceived
sounding straighter, tHewer their median fO, center of gravity in /s/, and mean F2. However,
based on actual sexual orientatiamaight men only showed lower mean F1 than gay men.
Additionally, we found evidence that actual masculinity/feminiaitg the degree of sexual

RULHQWDWLRQ ZHUH UHIOHFWHG LQ JD\ DQG VWUDLJKW PHQ'!

Conclusion:implicit and explicit speech stereotypes about gay and straight men do not contain a

kernel of truth and differences within groups are more important tlfi@nestices between them.

Key words: intragroup differences, stereotypes, sexual orientation, masculinity, femininity, nasality
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'R , VRXQG VWUDLJKW" LV D TXHVWLRQ PDQ\ PHQ PD\ KI
experiencing hommegativity (seh as verbal or physical abus&ihdependent of their actual
sexual orientation. As an illustration, a motion picture of almost the same title deals with the
guestion when, why, and which gay men learn to sound gay and which straight men learn to sound
straight, respectively (Gertler, Thorpe, & Thorpe, 2014). Through this film, a growing field in
sociophonetic research has gained attention from a broader audience. However, the more
fundamental point in this documentary movie is which speech stereotypeginggstraight and
gay men do exist, whether they contain a kernel of truth, and how does this relate to
masculinity/femininity. The aim of the present research is to investigate speech stereotype accuracy
by using a large sample of German gay and straigim, analyzing a variety of acoustic parameters
and relating these, in turn, to fageained psychological measures.
1.1 Systematization of previous studies

Stereotypes can be understood as associati@weia groups (e.g., straight men) and
certain features (e.g., lepitched voice; see Allport, 1954elated to sexual orientation,
stereotypes are based on the assumption of gender (non)conformity. According to lay gender
inversion theories (Kite & DeayxX 987), lay people believe gay men compared to straight men to
be more similar to straight women (effeminacyrdasculinization ofjay men Madon, 199Y.1&
5.;((;4&)0%/:,08&S2@(.&!.;8@(.&,!=(&;()+*/G(;&0,(@)(9=()&)&@2*(&:(.;(*&+2.72*@/.:&0,!.&
9()G/1.)&!.;&:188@(.&T @ {0198)/)&G8&L/33!14&PDDU"4&!.;&3(*+(/=/.:&!&3(*)2.&!)&)0*!/:,0&/)&
1)2+/10(:&S/0,83(*+(/=/.:&,(*&2*& | @&)&: (.. (*&+2.72* @V BT24&QQFVE<@80,4&>1+2G)4& W&
'2:(*)4&PDDY& X! @34&PIREZR S(=(*4&0,(*(&/)&+2.)/;(*'GO(&+PBB&="*/IG/9/08&*(.:&

@')+69/./08B7(@/././08&!@2.:&9()G/!.)4&:18&@ (.4&)0*!/:,0&S2@(.4&!.:&)0*/:,0&@(.&TL/33!4&PDDL

1 Implicitly following lay gender inversion theories, most previous studies on the acoustic
correlates of sexual orientation investigated how gay men acoustically differed from straight men.

By doing sopehavior that deviates from gender role norms is ethdnd gay men are made the

effect to be explained (BruckmYller, 2013). In contrast, the present paper takes another perspective
E\ IRFXVLQJ RQ VWUDLJKW PHQTVY VSHHFK DQG KRZ LW GLIIHL
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|1+,(94&<0(77(.)4&W&[/(;9/+,4&PDCN"48&!.:&)2@ (&(=/;(.+(&)6::()0)&0,10&!+26)0/+&+2**(910()&27&
3(*+(/=(;&)(\6'9&2*/(.010/2.&!.;&@!)+69/./08B7(@/././08&)8XBK.)(3!*10(;&T]6.)2.4&PDDE"Y

Hence, H[XDO RULHQWDWLRQ DQG PDVFXOLQLW\ IHPLQLQLW\ DU
(. (*&/.=(*)/2.80,(2*/() &) ((@&02&)6::()0&T) ((&I/0(&WE&#(16\4& CQOE"Y &"(&0, (*(72*(&0*(10&!+26)0/+&
+2*%(910()&27&)(\6!9&2*/(.0!0/Z&")+69/./08B7(@/././08&!)&*(9!0(;&G60&.20&(_&/=19(.0Y

When looking at phonetic research on sexual orientation and masculinity/femininity, we can
distinguish between speakand listeneicentered studie§peakeicentered studiefocus on the
speaker as the sigaptoducing actor within the communication process and ask which acoustic
parameters a speaker uses to mark a certain identity oLisiknercentered studiefcus on the
listener as the receptive actor within the caimiation process. They ask which acoustic
SDUDPHWHUYVY LQIOXHQFH OLVWHQHUVY LPSUHVVLRQV RI VSHI
feminine or masculine, respectively.

In the following, we review speakeentered studies, analyzing acoustic coteslaf actual
PDVFXOLQLW\ IHPLQLQLW\ EHFDXVH ZH ZDQW WR IRFXV RQ W
(Smyth & Rogers, 2008; Kachel, Simpson, & Steffens, 2017). Hence, we are not concerned with
perceivedmasculinity/femininity attributed to thepeakers by a group of listeners (see e.g.

Hancock, Colton, & Douglas, 2014). On this basis, we present different methods for determining
explicit and implicit speech stereotypes. Subsequently, we focus on whether these speech
stereotypes contain a kerréltruth by reviewing speakaentered studies on acoustic correlates of
sexual orientation that deal with natural recordings made on one occasion of a group of self
identified gay and straight speakers. Finally, we elaborate why these findings cautdmausive.

1.2 Acoustic correlates of actual masculinity/femininity

Stereotypically, sexual orientation and masculinity/femininity are associated with each other
(Kite & Deaux, 1987Y&L/)0(.(&(.0(*(;&)06:/()&,'=(&;2@/.10(;&*()(1*+,&2.&0,(&!+26)0/+3&27
@!)+69/./08B7(@!/././08&!.;&+2.)/)0(.098&),2S(;&0,!0&0,(&@2* (B pBH-.8@!9(&=2/+()&S(*(&

*0(:4&0,(&@2*(&:(.:(*&+2.72*@/.:&0,(8&S (*(&+2.)/: (*(; & 0RAG(RA4&CQQF V&< @80,&(0EY 4&PDDA
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X!@34&PDY® (+!6)(&0, (&3*()(.0&)06;8&;(19)&S/0,&!+06!9&LYHB(*+(/=(;&
@")+69/./08B7(@/././084&S(&*(=/(S&)2+/23,2.(0/+&*()(**+,&/.=()0/:10/.:&1+26)0/+&+2**(910()&27&!+06
@!)+69/./08B7(@/././08&2.98Y&a2&26*&b.2 YB(&(HERD.98&0S2&/;(.0HBB)(;&)3(Ib(* Kr (.O(*(;&
)06;/()&0,!0&,!=(&;(190&S/0,&!+06!9&@N8BI (@/././088&/.&!;690)4&2.(&27&0, ({BBFEEX,/1.:4&
PDDAV&72*&!+0619&@!)+69/./08B7(@/././088&/.&+,/9;*(.&)((&L/4&'(.;!994&d!) (B4&K) @'. 48 I*;
<60,(*9!.;4&W&#/1.24&PDCN"Y&5.&0,(&20,(*&)06;84&UE&#60+,&S2@(.&!.;& @ (.&(1+,&S(*(&!)b(;&02
N+*/G(&7(@/.1.&;&@!")+69/.(&3(*)2.19/08&0*1/0)&!.;&G(,!=/2*)&02&0,(@)(9=()&T /(@!.)4&PDDD"Y &
H\+(30&72*&0,(&7(@/./.(&G(,'=/2HNP&)+'9(4&60/9/I(;&: (. ¥49'0(;&)+!19()&),2S(;&.2&:(.;(*&
JT7(*(+()Y&a,(§)360!G9(&=19/;/08&27&0,(&@!)+69/./08B7(@/././08& @QB6)(@£269;&!++26.0&
72*&0,(&6.(\3(+0(;&*()690&3!00(*.) & T(K: S LBGIR () +*/G (;&0,(/*&G(,!=/2*&!)) & @2*(&@")+69/.(&
),2S(;&!&,/:,(*&7D&*!.:("Y&&!.&!00(@30&02&*(@(;8&0,/)4&S(&S/99&6) (&0, (&a*!;/0/2.19&]')+69/./08
$(@/./.108&)+!19(&T1!+,(9&(0&!9Y 4& FIECHEBLY(.&),2S.&028G (&!I&@2*(&*(9/!GI(&.;&=19/:&@ (1) 6*(&
278@!)+69/./08B7(@/././08Y& 8&;2/.:&)24&0,(&3*()(.0&)06;88+2.0*/G60()&02&!&G(00(*&6.;(*)0!.;/.:&
14+26)0/+&+2**(910()&27&!+06!9&@')+69/./08BE@/././08Y
1.3 Speech stereotypes and stereotype (y)eacy

How can we test whether the stereotype of thepaehed straight men contains a kernel of
truth? Stereotype accuracy refers to the extent to which beliefs about social group characteristics
correspond to their actual characteristics (JusSirawdford, & Rubinstein, 2015). There are at
least two different kinds of stereotype accuracy (Judd & Park, 1993): Stereotypic and dispersion
accuracy. Stereotypic accuracy means that the extent of a stereotypical belief is a true reflection
instead of amver or underestimation of actual group characteristics with regard to content, e.g.,
the belief that straight men speak on a lower pitch than gay men mirrors the actual mean fO
difference between gay and straight men. Dispersion accuracy refers tespondence of the
assumed and the actual group variability. Because stereotypes are generalized representations of
social group characteristi€3udd & Park, 1993), members of the same group are beliebeth&ve

homogeneously while members of differentgps are assumed to behave differently.
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Consequently, dispersion accuracy would not be given if members of one group demonstrate
varying characteristics because their dispersion would be underestimated, e.g., some straight men
speak on a lower pitch whilithers speak at a higher pitch.

,GHQWLI\LQJ SHRSOHYV EHOLHIV DERXW WKH VSHHFK RI .
determining speech stereotype accuracy (Jussim et al., 2015). Ahteasapproaches can be
distinguished to provide informati@n speech stereotypes regarding sexual orientation. The first is
LQIHUULQJ SHRSOHYYVY EHOLHIV DERXW WKH VSHHFK FKDUDFW
convergence theories. Following that approach, straight men are supposed to show neore gend
conforming speech compared to gay men. Given the small number of sociophonetic studies dealing
with social gender, gender conforming speech patterns can be derived from studies comparing
female and male speakers. Based on the finding that men speaklovitarpitched voice than
women Munson & Babel, 2007Simpson, 2009), straight men would be assumed to produce lower
mean fO than gay men.

Another method of determining speech stereotypes is directly asking lay people about their
subjective impressionR I VWUDLJKW YHUVXYV JD\opeHepdedn¥éSiehHFK % DV HCG
guestionsAmerican English respondents descrilieel peech of straight men in gender
conforming terms: low pitch (Piccolo, 2008; Panfili, 2011), monotonous, bad articulation (Piccolo,
2008). By contrastthey typically characterized the speech of gay men as lispingphated
(Piccolo, 2008; Panfili, 2011), variable in voice pitch, having a dramatic expression, and precise
and clear articulation (Piccolo, 2008; see Mack, 2010, folairfindings in Puerto RicaBpanish
respondents). Until now, no quantitative approach has been used to exglech stereotypes.

Hence, in the present study we test stereotypes by using a list of voice and speech characteristics
and focus on a Germanrsple in order to test crossiltural generalizability of speech stereotypes.
Moreover, we are concerned with cultural specificity by analyzing nasality, which is one of the
strongest speech stereotypes regarding male sexual orientation in German culture.

Both approachesdeductions from lay gender inversion theories and asking respontlents
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can be used for determining explicit speech stereotypes (see Table 1). In contrast to explicit speech
VWHUHRW\SHV XVLQJ LQGLUHFW D SShalablekhbdwileGge 8hid QRW UH!
reduces social desirability biases. Conducting listeratered studies is one way of indirectly
ascertaining speech stereotypes by assessing which sexual orientation ratings by listeners
accompany which acoustic parameterspdakers. Similar to other implicit measures, the indirect
approach addresses implicit stereotypes by identifying acoustic correlates of perceived sexual
orientation (Greenwald & Banaji, 1995). As shown in Table 1, findings for implicit stereotypes are
inconclusive.)RU H[DPSOH WKH SURPLQHQW 3JD\ OLVS® VWHUHRW\
2011) was supported by two listereantered studies that showed straighitinding men to have
lower measures of central tendency of /s/ thanggaynding mergLinville, 1998; Sulpizio, Fasoli,
Maass, Paladino, Vespignani, Eyssel, & Bentler, 2015: Italian men). However, three-listener
centered studies did not find this difference (Munson, McDonald, DeBoe, & White, 2006; Zimman,
2010; Sulpizio et al., 2015: Germanen).
1.5 Kernel of truth: Actual acoustic correlates of sexual orientation

After determining speech stereotypes, the next step for assessing stereotype accuracy is
identifying objectifiablecriteria reflecting group characteristics (Jussinal., 2015). Speaker
centered studiesnalyze whether speech stereotypes contain a kernel of truth by asking whether gay
and straight men really differ in their speaking pattefasually, there is supporting evidence for
the popular belief in differdrcultures that straight men can be distinguished from gay men based
on their speaking patter@wicky, 1997).Intonational featurespectral (e.g., sibilant measures,
vowel space characteristics) and temporal information (e.g., segmental duratie@nddgervoice
onset time) as well as a few voice quality parameters have been investigated (e.g., creakiness,
breathiness). Going beyond a corresponding review by Munson and Babel (2007), Table 1 gives a
comprehensive overview of relevant studies on acoustrelates of actual sexual orientation
conducted within the last decade and relates them to explicit and implicit speech stereotypes. The

main finding is that although a number of studies provide some evidence for explicit and implicit
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speech stereotypéeing accurate, an equal or a larger number of studies showed no or even
FRQWUDGLFWLQJ HYLGHQFH )RU H[DPSO H: Oseélstudy foohdW U XH IR
actually straight men to produce lower measures of central tendency of /s/ tredly getyymen
(Linville, 1998), while another investigation did not (Zimman, 2010).
1.6 Shortcomings of previous sociophonetic studies on sexual orientation

Results of speakeand listeneicentered studies on sexual orientation are inconclusive for a
numbe of reasons. Mch earlier work was carried out in an American Engéigbaking context,
while more recent studiem other IndeEuropean languages hagevided more crosknguistic
datg e.g. Dutch (Baeck, Corthals, & van Borsel, 2011), Czech (Valento¥edD Y Otp H N
Canadian English (e.g., Rogers & Smyth, 2003), Canadian French (Sisson, 2003), Italian, and
German (Sulpizio et al., 2015). However, even when looking at previous studies referring to the
same language, such as American English, therpatf results is inconsistent. This inconsistency
can be due to the same reasons mentioned in a recent overview for female speakers (Kachel et al.,
2017). First, different speech materials have been used, ranging from spontaneous speech (Smyth et
al., 2M3) to groups of words (Munson et al., 2006) which is accompanied by divergent acoustical
analyses. For example, inconsistent findings on intonational differences have been partly attributed
to measurements at vowel midpoints of single words vs. measuseareconnected read speech
(Baeck et al., 2011). Second, the test power could be improved by increasing the number of
speakers per group. Less than half of the previous studies dealt with speaker sample sizes of more
than 13 men per groye.g., RendallyVasey, & McKenzie, 2008)Third, different definitions,
operationalization, and classification strategies of sexual orientation have been applied. While some
studies compared openly gay men with men not open about their sexual orientation (Lerman &
DamstZ1969; Gaudio, 1994), others contrastem-straight and straight men (e.lunson et al.,
2006; Rendall et al., 2008) or gay and straight men (e.g., Pierrehumbert, Bent, Munson, Bradlow, &
Bailey, 2004). Seltategorization measurgs/e a false impressn of a clear division between

sexual orientation groups and suggest homogeneity within groups (see Kachel et al., 2017). Hence,
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utilizing the commommore finegrained Kinseyscale (Kinsey, Pomeroy, & Martin, 1948) can help
to overcome these problems besait captures variance in sexual orientation within a sexual
orientation group (e.g., Linville, 1998) and exposes igtaup differences (Kachel et al., 2017).
Finally, previous sociophonetic studies on sexual orientation almost entirely missed aptatiin
on additional speaker characteristics possibly explaining speech differences due to sexual
orientation. One of the few exceptions is a study by Rendall and colleagues (2008), who considered
physical measures and showed that differences in vepesfic F2-values between gay and
straight men were caused by body size differences. Next to physical attributes, knowledge on
psychological characteristics influencing sexual orientation differences in speech is similarly sparse.
1.7 Psychologicatharacteristics related to sexual orientation
In sociophonetic research, psychological speaker characteristics are assumed to provide an
DQVZHU WR WKH TXHVWLRQ ZKLFK VWUDLJKW PHQ SHUIRUP 3
3JD\ VSHHFK™ +HRadmMafl Hunber @ studies considered psychological characteristics. In
line with Kachel et al. (2017) who showed dispersion inaccuracy for female sexual orientation
groups, the present study tests the roles of masculinity/femininity, group affilipsyprhosocial
identification, social environment, and comiagt measures for male speakers.
Masculinity/femininityhas been discussed as an important psychological speaker variable
illuminating the acoustic correlates of sexual orientation in early rés@ageman & DamstZ,
1969). However, no previous samylased studies have analyzed it with regard to sexual
orientation (for a case study see Chiang, 2003). We expect gay and straight men who conform to a
more masculine geler role to produce more genaenforming speech.
Gay-sounding speech is assumed to function as a markgowp affiliation tthe degree to which
a person describes her himself as a group membeto the gay community (Linville, 1998).
Similarly, gay men showing a high psychosocial identification with the ingroup (i.e., whose group
membership is an important and satisfying part of theircsgitept), were hypothesized to acquire

gay speech by ideifing with gay adult role models and imitating their speech (Pierrehumbert, et
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al., 2004; Rendall et al., 2008). Hence, we expect straight men who are highly affiliated and identify
with their ingroupto produce gender conforming speech (vice versaadpmgen).

The role model acquisition scenario emphasizes the relevancesofcibeenvironment
(Smyth & Rogers, 2008). Gay men may not feel affiliated to other gay men (vice versa for straight
men), nor may they have contact to them. In addition tozatdt, childhood has been assumed to
be a critical phase in adopting speaking patterns associated with sexual orientation (Rendall et al.,
2008; Smyth & Rogers, 2008). Hence, men reporting more contact to straight than gay men and
more contact to boys thayirls during childhood should show more gender conforming speech.

Finally, withitr JURXS YDULDELOLW)\ domnidgout Expepienckan FossIy V
influence their speecligcobs, 19962 Z L F N\ $OWKRXJIK Javtagab@dfV FRPLQ
extent vas not related to mean fO (Baeck et al., 2011), it is unclear whether those who feel
uncomfortable about coming out use other acoustic parameters in a gender conforming manner.

1.8 The present study
a,(&3*()(.0&)06;8&0'b()&!.&/.0(:*10/=(&3(*)3(+0/=(&298£XB&..; &/ @39/+/0&)3((+,&
)O(*(2083()&*(:1*:/.:&) (\6198&2*/(.010/2.48!+26)0/+&:/T7(*(.+()&G(0S((.&!.;&S/0,/.&:18&!.;:&)0*/:,0&
@(.4&).;&0,(/*&*(910/2.)&02&!+06!9&@!)+69/./08B7(@/././08Y & 8&;2/.:&)24&0,(&3*()(.0&)06;8&!/@)&
3*2=/;(&(@3/*/+19&(=/;(.+(&0286F(*2*;/.10(&_6()0/2.e&Z2S&!++6*10(&!*(&)3((+,&)0(*(2083()&
*(:1%:/.: &@19(&)(\6!9&2*/(.010/2.1&5.82%;(*&02&!.) S(*&0,/)&_6()0/2.4&S(&*(+2*;(;&@2*(&0,!.&UD&
%(*@'.&@(.&!9@2)0&(=(.98&;/)0*/G60(;&!+*2))&:18&!.;&)0*/:,0&)3(!b(*)&!.;&+299(+0(;&3 (*+(/=(;&
)(\61982*/(.010/2.&*10/.:)&7*2 @& &9*:(&9/)0(.(*&)! @39(Y &"(&!.198J(;&!.&(\0(.)/=(&*!.:(&27&!+26)0/+&
3@ (0(*)&/.+96;/.:&.1)191.+(4&!&+2@3!*10/=(98&)/ @39(&@ (1) 6*(&27&!.198J/.:&.1)19/084&S, [+,&/) &2..(¢
27&0,(&@2)0&/ @32*0!.0&)3((+,&3!*!@(0(*)&!))2+/'0(;&S/0,8@8AE)Q!0/2.&/ &% (*@!.&
)3(!b(*)Y&&]2*(2=(*4&S(&3*2=/;(&!&FI((;&!.!98)/)&27&!+06!9&)(\6!9&2*/(.0!0/ZE8most
innovative aspect of our study is that we collected data=dt/(@®8&27&3)8+,292:/+19&+,*1+0(*/)0/+)&
1.&2%:(*&028&*(3*()(.0&/ K*26 3&=!*/1G/9/084&/.+96:/.:&!&=19/;&!.:&*(9/'GI(&@(!)6*(@(.0&27&!+06!9&

@!)+69/./08B7(@!/././08&T1!+,(9&(0&!9Y4&PDCN"Y&(&!)b&0,(&729928/.:&_6()0/2.)e&
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C" "#3%&'()&*#%'+!+$,-.)+++<&RDW DUH WKH DFRXVWLF FRUUHODWHYV
@!)+69/./08B7(@/././10Bf

P 123+#+$(*3//#4(*$/5/6$, 320, &) 3((+,&)0(*(2083()&!*(&@(.0/2.(;&*(:!*:/.:&)0*!/:,0&! ;&
18&@(f&

A" 7)3+#+$(*3//#4(*$/5/6$,3R0+,&!+26)0/+&31*1 @ (0(*)&/.796(.+(&)(\6!9&2*/(.010/2.&*10/.:)f&
#2&(\39/+/0&)3((+,&)0(*(2083()&+2**()32.:&02&/@39/&/0&.2.()f

F' "#96&' (*12%& (65+/$& B (9*: (*$58+84$ ()8R &:188&!.;&)0*!/:,0& @ (.&!+26)0/+!1998&:/77 (*&
1.&%(*@".f&X!1.&0,(&7/.:/.))&7*2@&!&) @'99(*&%(*@!.&)3(Ib(*&)! @39(&G (&*(39/+10(:&T<693/J
(0&!9Y4&PDCU"f&#28&(\39/+/0&!.;:&/@39/+/0&)3((+,&)0(*(2083()&+2TRORBEI (*.(9&

5) "#$%&'(*/2%&'(65+/!$& 5 6K4+856%3(9&5+&=88,there any acoustic differences
between mainly and exclusively gay/straight men? Do psychological characteristics

LQIOXHQFH JD\ PHQYV VSHHFK"

3)'45,6./
2.1 Participants

Data were gathereidom 54 male speakers living in and around the east German town of
-HQD 6SHDNHUV ZHUH LQYLWHG WR WDNH SDUW LQ DQ LQYH"
boards, handouts, and mailing lists at the university, as well as directly througnQ&BT
organizations and platforms. Using a snowdethnique, participants were asked to encourage
friends and acquaintances to participate. In order to reach an adequate number of participants, the
study description explicitly contained a request for migardent in sexual orientation. Only
German native speakers without voice and speaking disorders were considered.

Speakers were first asked to complete a questionnaire eliciting detailed information on
sexual orientation, masculinity/femininity, and reldipsychological characteristics. Sexual
orientation information was used to oversample the gay population. The sample is highly

homogeneous with regard to ethnicity, educational level, and age. All men were Caucasian, ranged
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in age from 20 to 30 year®l(= 24.52,SD=2.53), and nearly all studied at the local university.
According to the #oint Kinseylike scale (1exclusively gay, 4qually gay and straight; 7
exclusively straightmodified version fronKinsey et al., 1948), 25 men identified as gay @ein
like score” 2) and 26 as straight (Kinséike score« 6). In order to check for group variability
within sexual orientations, we contrasted mainly vs. exclusively gay and straight men, respectively.
Three speakers with Kinsdike scores of 35 wereexcluded from further analyses (see Table Al
in the Online Appendix for the detailed distribution along the Kiddeyscale). Gay and straight
men did not differ significantly on sociodemographic characteristics such aslgge ¢4.28,
Mstraight= 2485;1[48] =-0.78,p = .44).
2.2 Psychological characteristics

The complete online questionnaire is available at (Online Appendix). All internal

FRQVLVWHQFLHYVY RI WKH GHVFULEHG VFDOHV ZHUH &URQEDFI

2.2.1 Sexual eentation (Gynophilyandrophily difference)

In addition to sexual selflentification, we used more objectifiable questions in order to
measure sexual orientation (Worthington & Reynolds, 2009; alsklsgeet al., 1985Shively,
Jones, & DeCecco, 1985exual orientation towards women and men was measured separately
with four items each: sexual fantasies, romantic emotions, physical attraction, and sexual interaction

H J 33K\VLFDO DWWUDFWLRQ WRZDUGY ZRPHQHVWHRWHIZRY

RIWHQ KDYH \RX H[SHBRULIHQQF WEDOHRG DQHYHU" 3 DOZD\V’
negative correlation between sexual orientation towards women and mef83,p < .001), a
gynophily-androphily difference was computed for eacbadqer. The higher values are above zero,
the straighter a speaker is. Conversely, values below zero indicate an increasing attraction towards
men. Values around zero indicate a more bisexual orientation. The gyraptiflyphily difference
and the Kinseyike scale were highly correlated= .98,p < .001).
2.2.2 Masculinity/femininity

Three questionnaires were used for measuring genteselfconcept.

12
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a. TMF

First, speakers rated themselveson t® RLQW 3 YHU\ PDVFXOLQH" 3
Traditional MasculinityFemininity Scale (TMF; Kachel et al., 2016), which consists of six bipolar
LWHPV VXFK DV 3, FRQVLGHU P\VHOI«” DQG 37UDGLWLRQDOO\

Higher averaged scores indicate more femininity/less masculinity.

b. GEPAQ

Speakers completed the German version (GEPAQ); Runge, Frey, Gollwitzer, Helmreich, &
Spence, 1981) of the Extended Personal Attributes Questionnaire (Spence & Helmreich, 1978).
This is a specific, personalityased measure of present genwde sdf-concept, with two scales
using eight items each. On the first scale (GEMARInstrumental, goabriented traits, typically
associated with men, like independence andczmifidence, were assessed or@obt scale. The
second scale (GEPAB), assesss stereotypical female traits, more oriented toward social relations
and related to emotional expressiveness, such as helpfulness and kindness. Higher average scores
indicate a higher degree of masculinity on GERM@nd of femininity on GEPAGF.

c. Genderole seltconcept during childhood

The Childhood Gender Nonconformity Scale (Rieger, Linsenmeier, Gygax, & Bailey, 2008)
was used to assess how well a speaker considered himself to have rejected common gender
stereotypes during childhood. It consisted®enVWDWHPHQWYV OLNH 38V @ FKLOG
ZLWK JLUOV UDWKHU WKDQ ER\V™ ,Q FRQWinsiesd ohaRpoMiK H R U L
VFDOH 3 VWURQJ GLVDJUH H P HpWified 3ome WaktingsQad Bddded H P H Q \
LWHF D FKLOG , EHKDY HGHiQheN storeswhdgatedadhighek degree of gender
nonconformity during childhood.
2.2.3. Group affiliation

Two circle items (see Schubert & Otten, 2002) were tsedparately measure the degree
of selfassigned affiliation to gay and straight men. Each item consisted of seven graphics

visualizing the distance between a smaller circle (self) and a larger circle (group). The smaller the
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distance and the higher tbeerlap between the two circles, the higher the degree of group

affiliation (see Online Appendix for visualization).

2.2.4. Psychosocial identification

Twoword EDVHG VFDOHYVY ZHUH WDNHQ IURP /I XKWDQHQ DQG &
Esteem Scaleinord¢ WR DVVHVV VSHDNHUVY VRFLDO LGHQWLW\ DV J
four items that were rated onaSRLQW VFDOH 3 VWURQJ UHMHFWLRQ" ™ 3
3, GHQWKWYFDOH zZzDV XVHG WR GHWHUPLQHHWKHI JBRKH FNRFPEE
JURXS , EHORQJ WR LV DQ LPSRUWDQW dubdcald &seetded) R1 ZKR
VSHDNHUVY VDWLVIDFWLRQ ZLWK JURXS PHPEHUVKLS H J 3,
VRFLDO JURXS , EHORQJ WRO VWFHFRDHIWHKR UK KH GRLYIHEL O LW\ &

created an overall index, higher scores indicating higher identification with-treurp.
2.2.5. Social environment

a. Present social environment.

Based on Hodson, Harry, and Mitchell (2009) speaieatuated their current contact to gay
and straight men on two separatsRLQW VFDOHV 3 QHYHU" 3 DOzZD\V’
gender distribution of friends and sexual orientation of male friends were also collected en two 7
SRLQW VFDOHY JP\ PHRPRQO\ 3 PHQ VWUDLJKW PHQ RQO\’

higher proportion of male and straight male friends.

b. Childhood social environment.

Similar to current contact to gay and straight men, we assessed contact to girls and boys
duringchildhood. We used two-ffoint frequencyVFDOHV 3 QHYHU" 3 DOzZD\V’
contact to girls and one for contact to boys. Higher scores indicated more frequent contact to
girls/boys during childhood.

2.2.6. Voice selassessment
Data on voice stlassessment were collected during the second measurement. It

HQFRPSDVVHG VL[ LWHPV VXFK DV 3, WKLQN ,-S8HOQW WWBOHEF
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VWURQJ UHMHFWLRQ" 3 VWURQJ DJUHHPHQW ™ ngLJKHU VF
assessment.

2.2.7 Comingout measures

7KUHH PHDVXUHYV UH O D Wit Gerd/dellactedHfDiN baly mé&n 6riyP L Q J

a. Comingout extent

Comingout extent represents the visibility of sagender orientation to the social
environment as well as negee experiences during the comiogt process. Speakers rated parental
knowledge of their gay orientation for mother and father separately. Subsequently, they provided
information on how many persons of different groups (e.g., colleagues) know aboséxueir
RULHQWDWLRQ 3 QRQH 3 DOO RI WKHP~ 7R REWDLQ FRF
the scores were adapted to thpoint scale: If neither mother nor father knew about the sexual
RULHQWDWLRQ WKLV ZDV WHAHRGM G @WVZ3 LW.ZBQ Q\HBQ H \8H Q W
ERWK SDUHQWY NQHZ 3 ZDV DVVLIJQHG +LIJKKHUDAEHUDJIH VF

b. Concealment motivation

One subscale of the Lesbidbay, and Bisexualdentity Scale (Mohr & Kendra, 2011) wa
XVHG WR H[DPLQH SUHIHUHQFH WR KLGH RQHYV VH[XDO RULH
careful control over who knows about my sathél QGHU URPDQWLF UHOpOWLRQV KL S
VFEFDOH 3 VWURQJ UHMHFW L R@ontrast to Yheé/dddn@l vdeding, kvl isEidQ W~
SVDRHQGHU ™ LQVWHDHKEgHeI séafds ihdicated a higher concealment motivation.

c. Perceived discrimination experiences

To measure experience of discrimination, two scales were used. The firstasdra
Steffens, Bergert, and Heinecke (2010), which is a translated and modified version of Herek and
%HUULOOYV 6 D P SBGaViblxrderand eting2ativ. Speakers were asked
DERXW FRQFUHWH HYHQWY VXFK BH 3 3HKR S\CHF RVEK® H Y WAWHKCQHH GY
Discrimination Scale (Williams, Yu, Jackson, & Anderson, 1997), originally developed to assess

VRIW IRUPV RI GLVFULPLQDWLRQ UHJDUGLQJ UDFH OLNH 3VK
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This scale was adapted to sekorientation and restricted to experiences within the last five years

3 QHYHU" 3 RIWHQ” +LJKHU VFRUHV LQGLFDWHG D KLJK

2.2.8 Explicit speech stereotypes

In order to measure which voice and speech charstatsrare typically associated with
straight and gay men, we created a list encompassing 40 items for lay persons. Hence, the
IRUPXODWLRQ RI WKHVH LWHPV LV PRUH LPSUHVVLRQLVWLF

H J SULVLQJ IWPRXHPH@QGVRD DQ XWWHUDQFH’ $PRQJ WKHP

ELSRODU VFDOHV H J 3KLJK-QIWDBORZZKEQBIVIWRH RWKBBR QL.
IRUPHG D XQLSRODU VFDOH HDFK H J 3K R D U ¥aightnésskadL O O °
gayness was assessedon&8RLQW VFDOH 3 JD\ RQO\" 3 VWUDLJKW R
indicated voice and speech features more associated with straightness and less with gayness.
2.3 Speech recordings

Recordings were madm two separate occasions. In the first session, conventional
microphone recordings were made. In a second session, some months later, a subset of the same
speaker group was recorded using nasometry to investigate possible differences in nasalance.
2.3.1First session

Speakers were recorded in a sotmeted room using a condenser microphone (AKG
C1000S) connected to an external-aneplifying audio interface (MAudio Fast Track Pro) at a
sampling rate of 44100 Hz and-b& amplitude resolution. In ordéo prevent overmodulation
when articulating plosives, the microphone was not located directly in front of the speakers but was
placed at an angle of 45i/30; on the horizontal/vertical plane to the speakers. Moreover, the
speakers were asked to maintam@uth-microphone distance of approximatelyA8 cm. The
recording was started by asking the speakers to count aloud from 15 to 25 in a slow and
monotonous voice. Afterwards, the experimenter asked only those speakers to speak in their
habitual voice whdne did not believe to have done so while counting.

An extensive set of read and spontaneous speech samples were elicited. Spontaneous speech
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included the descriptions of a simple drawing of a farmyard and an approximatetyes®0route

through town, wHe the read speech comprised one short text, two sets of individual sentences, and
LVRODWHG YRZHOV 7KH VKRUW-aatablisNed €liditadior t&vthét-hIlbws Wik U\~
comparison and integration with other existing corpora (&ej.Corpus of Read SpeecBimpson,

Kohler, & Rettstadt 1997). Two sentence sets were used to explicitly elicit particular features. In
contrast to the first one containing ten sentences, the second set has already been used to elicit data
in a study of genderelated vowel differences (Weirich & Simpson, 2013). Included in a list of

twenty sentences are three sentences shown in (1), containing the abbreviations Bll, LUU, IAA.
7KHVH DEEUHYLDWLRQV HOLFLW VHTXHQFHV RbssORIERJNSIRLQW
vowel. We can expect vowels in such sequences to be minimally affected by any neighboring

consonants or temporal constraints that might give rise to undershoot.

1)

Sie fuhren letzte Woche zur IAA nach Frankfifitr KH\ ZHQWS SV RQVKIIDQNIXUW ODVW
Sie fahren nSchste Woche zur LUU nach Hanng#éf K H\YUH JRLQJ WR WKH /88 LQ -
Z H H NWir wollen am Wochenende zur Bll nach HambgigH ZDQW WR JR WR WKH %

+DPEXUJ DW WKH ZHHNHQG °

In most varieties foGerman, including the Standard, we would also expect speakers to
exhibit a certain amount of junctural glottalization at vowel onset, often taking the form of creaky
voice (Kohler, 1994). The low fundamental frequency typically associated with diffgpest of
glottalization ensures tight interharmonic spacing, in turn allowing a more reliable formant
estimation, especially in otherwise higher pitched female voices (Weirich & Simpson, 2013).
Isolated vowels were elicited by asking speakers to uttéBénman lettersaeiou S § Yat
normal citation rate, thena< u> each for as long as possible. The long utteraneenafs used to

measure various voice quality parameters (see below). At the end of the first speech recording
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session, data on body amires were collected (see Rendall et al., 2008). Body weight was assessed
in kilograms by using a standard bathroom scale and body height was collected in centimeters by
measuring our speakers standing straight against a wall using a folding rule. Géaigid men

neither differed in body weighMgay = 77.10,Mstraight = 82.22;t[49] = H.59,p = .56) nor height

(Mgay = 181.76 Mstraight = 182.791[49] = #.22,p = .23). Hence, weight and height were not taken

into account in further analyses.

2.3.2Nasometry session

7KH VWHUHRW\SLFDO 3JD\ QDVDO " LQ *HaeD@nLV HTXLYDC
hypernasality. To reliably measure this, nasometry (NasalView, Tiger DRS Inc., Seattle) was used
(Fletcher, 1970). The acoustic output of the nose amdtuth is captured using two microphones
fixed on the nasal and oral side of an attenuating plate that assures an acoustic separation of the two
signals of approximately 20 dB (see Figure Al in the Online Appendix). The intensity of the nasal
signal in réation to the summed intensities of the nasal and oral signals represents the nasalance
score in percent. Several months after the first recording session, 39 of the original speakers were
recorded, maintaining a similar distribution with respect toregglorted sexual orientation: 19 gay,
18 straight (and two bisexual speakers who were excluded from analysis). Speakers were recorded
producing a subset of the elicitation material (spontaneous speech: picture description; read speech:
short story, two shogentence lists). The two sentence sets were read twice each.
2.4 Analysis

Temporal and spectral analyses were carried out on different parts of the elicited data sets to
investigate acoustic features that have been found to vary between groups diffgender and
sexual orientation: intonational characteristics (fundamental frequency average and range), sibilant

measures (spectral structure of the sibilartard /7), acoustic vowel space features, plosive

characteristics (voice onset time and asjpn), and voice quality parameters including nasalance.

2 This is illustrated well by the German comemtliHape Kerkeling in the following clip:
https://www.youtube.com/watch?v=RjrnlzXKBrA
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2.4.1 Intonational characteristics
(DFK VSHDNHUYV DYHUDJH IXQGDPHQWDO IUHTXHQF\ DQG
spontaneous speech.phaat script calculated the median together with theedéhce between the
DQG SHUFHQWLOHYV DV D PHDVXUKWWHUI@B&BUVURP RQ
spontaneous tasks (path description and picture description). Fundamental frequency was calculated

usingpraatfV 37R SLWFK«  URatd\setthgs @aow K6 NANEBIREE 600 Hz).
2.4.2 Sibilant measures

Sibilants, and in particulal// have been shown to be used by speakers to indexicalize group
identity (e.g., StuarBmith, 2007). Spectral characteristics of both of the German $dstiants !/

and /7 were measured, on the one hand, to establish if there are anwimtratergroup

differences in the speaker sample for individual sibilants, but also to investigate any differences in

the size of the acoustic contrast betweééand /7. Using apraat script (Boersma, 2001), each

sibilant was extracted, resampled at 22050 Hz and-passl filtered to remove leWwvequency
energy below 200 Hz. The two spectral moments, center of gravity (CoG) and skewness, were

calculated from a spgam of the whole sibilant segment to reflect how energy is distributed in the

spectrum. Furthermore, as a measure of contrast size, the difference between the \CaGdfdr /

IRU HDFK VSHDNHU ZDV FDOFXODWHG 5DtWkeHJtWY KDQ XVLQJ [

nouns/adjectives were chosen for each sibilahfrdm NSsse 3Z HW ~ miBsQ¥ D V W from

Schaufenster3VKRS ZL Q GRidisSch® THRQ YLRXV" OHDQV SHU VLELODQW

calculated from the three repetitions of eachdvor each speaker.
2.4.3 Vowel space features

Estimates of the first and second formant frequencies of the point vowelsDin wowel

sequences contained in the abbreviat®hslAA, LUU ZHUH XVHG WR GHILQH D VSHEC

vowel space. Araatscript was used to perform a formant analysis on a stretch of the vowel
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sequence extending from 50% of the total duration of the whole sequence. The relevant stretch

was extracted and downsampled to 6 kHz before performing formant analysiswhiripe

following settings: time step: 0.01 s; maximum number of formants: (3lfordd 4 for X);

maximum formant: 3000 Hz; window length: 0.025 s; preemphasis: 50 Hz). Modifying the

maximum number of formants to be found to 4 fotsignificanty increased the reliability of the

algorithm to separate F1 and F2 which are very close together for this German vowel, especially in
a context of weak coarticulation (see above) where tebgakness and lippunding are

maximized, in turn giving rise teery low F2 close to F1. Average F1 and F2 values were

calculated and manually checked for each vowel stretch. The area of the H2xFDtriakgle was

calculated for each speaker and represented in kHz!. Means per vowel and speaker were calculated

from the three repetitions of each abbreviation for each speaker.
2.4.4 Plosive characteristics

The six German lenis and fortis plosivés$%&%&) occurred in accented syllable onset

of sentencdinal past participle verb formgébacken® E D N gepahtet 3 U H Q W Hy&daRextw -
30DV yetduBht3GLY HeGart 3 FRR NgelaGfts ERXJKW™ LQ VL[ GLIIHUHQW VH
the sentence sets, eWie lang hat es denn gedauert?+RZ ORQJ GLG LW ODVW WKHQ

syllable onset, fortis ploges"#&'&)dre voiceless and aspirated. By contrast, the lenis series is

voiced or devoiced and has a short voice onset time following plosive release. In its simplest form
aspiration is coextensive with VOT. However, for a number of speakers, the bweieirg after

plosive release is still markedly breathy, correlating spectrally with predominant noise in the upper
spectrum. This breathy voiced stretch (annotated here with VOT+) was delimited visually with the
clear onset of F2. (Two typical examplamsidered to be with and without a period of breathy

voice following VOT are shown in Figure A2 in the Online Appendix). Means per plosive and

speaker were calculated from the three repetitions of each word for each speaker.

20



Do | Sound Straight? Kachel et al.

2.4.5 Voice quality parameters

Common voice quality parameters were analyzed from long, isoldéokens. Jitter

(ppg5), shimmer (apg5) and harmonriosmoise ratio were determined for the whole vowel stretch
using S U B> iowelreportfacility. Moreover, average nasalance valu@selach reading and
VSRQWDQHRXYVY WDVN ZHUH FDOFXODWHG XVLQJ 1DVDOO9LHZT\
were used to calculate a single mean for each speaker.
2.5 Perceived sexual orientation

In addition to seHreported sexual orientation (i.e., Kinskie scores) and explicit speech
stereotypes, we gathered data on perceived sexual orientation. A group of 74 listeners rated the
VWUDLJKWQHVYV RI HDFK VSHD N H U Datd Rdo-felrra@er&u@reR QOLQH Ol
excluded (because of hearing impairments, being enative German speaker, previous
participation in a study on the perception of sexual orientation, or missing participant code). Hence,
data from 70 people were analyZ&8 female, 16 male, 1 othe¥,se/ = 23.13,SDkg/ = 3.67, age
range 18+43 years)a,(&)06;8&S!)&!;=(*0/)(;&=/'&!&)06;(K)98&@!/9/.:&9/)0&!0&0, (&-./=(*)/08&27&
I2G9(JK/'DQGDX DV LQYHVWLIJDWLQJ WKH EHOLHI WKDW SHRSOH
G (;&2.&0,(/*&=2/+@Ydingle utterance produced by each speaker of one sentence from the read
speech data from thadit recording sessidber Tag ist sehr lang gewordef® , W KDV EHHQ TXLW
ORQJ GbDYVY SOD\HG YLD KHDGSKRQHVY WR WKH UDWHUV ZKR Z
straightness as gay or straight. Female and male raters did not differ arghyfio their ratings of
gay and straight speakers (bdibir ” .01, bothts[67] ” pVv e + H G&rperbeired
straightness score was calculated for each speaker across raters. The straighter speakers described
themselves on the Kinsdike scale, the more likely they were to be perceived as straight by raters
(r =.29,p =.037). We refer to these perceptions as implying implicit speech stereotypes. Thus,
explicit speech stereotypes (see scale described above) could be compared with tioése imp
VSHHFK VWHUHRW\SHY DQG ZLWK DFWXDO VSHHFK GLIITHUHQF

on sexual orientation.
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7)'%5809,8

We first examined whether gay and straight speakers differed in any of the 16 psychological
characteristics collected (see Table 2) and adjusted the significance level to multiple tests using the
%RQIHUURQL FRUUHFWLRQ IRUP X @ seltconcept, straighi dénGLQJ JHQ
described themselves to be more masculine on TMF and to be more gender conforming during
childhood than gay men did. In terms of group affiliation, straight speakers were more strongly
affiliated to the straight group thamymen, whereas gay men were more strongly affiliated to the
gay group than straight men. Regarding social environment, by comparison to gay men, straight
men reported significantly higher current contact to other straight men but less current contact to
gay men. Moreover, in contrast to gay men, straight men reported more often having more male
friends who were straight. Finally, straight men showed higher contact to boys but less contact to
girls during childhood than gay men did. Regarding voiceassfssment, straight men exhibited
more gender conforming impressions of their own voices compared to gay men. Taken together, we
found expected differences in psychological characteristics between gay and straight men.
3.1 Acoustic correlates of present giar-role selfconcept

Are there acoustic correlates of present gendlerselfconcept in men? In our sample
consisting of males only (i.e., holding biological gender constant), we collected data on
masculinity/femininity. Because TMF was shown to bedredt differentiating gay and straight
men compared to adjectimsed measures of gendele selfconcept such as GEPAR (Kachel
HW DO ZH FDOFXODWHG FRUUHODWLRQV IRU 70) RQO\
Table 3). Men who clainteto be more feminine on TMF showed higher mean F2 vatuesA0,p
<.001) and higher CoG values in s£(.46,p = .001, see Figure 1).

However, these acoustic correlates of masculinity/femininity could be mere artifacts of
sexual orientation, becse straight men described themselves as more masculine than gay men did.
To test this, we computed correlations for gay and straight men separately. For mean F2 the

association was found for both subgroups: The more feminine gay and straight men described
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themselves, the higher their mean F2 (both « EWR W K JRU &R* LQ V WKH D
was not statistically significant (bothv ” EWR W K 7TKXV WKH DVW8d&ELDWLR
self-concept and center of gravity in /s/ found tioe overall sample is an artifact of actual sexual
orientation because straight men who were more gender conforming produced lower centers of
gravity in /s/ than gay men who were less gender conforming and produced higher centers of
gravity in /s/. Insted, men who selfeported to be gender conforming showed more gender
conforming mean F2 values that were not mere artifacts of sexual orientation, in line with lay
SHRSOHYV JHQGHU LQYHUVLRQ WKHRU\
3.2 Explicit speech stereotypes

In order to investigate @kicit speech stereotypes regarding straight and gay men, we
examined whether the 40 voice and speech characteristics differed significantly from the scale
midpoint using onsample t WHVWYV WHVW YDOXH DGMXVWHG VLJQLIL
Figure 2 shows, 24 voice and speech characteristics significantly differed from the scale midpoint.
The most pronounced speech stereotypes (i.e., attléasbm scale midpoint) in their order of
PDJQLWXGH ZHUH 30RZ’ 3@WVR®J DEKDEGIWMNRIXKW PHQ DQG
SKLJK® B3VRIW"® 3VKULOO" DQG *EULJKW  IRU JD\ PHQ 7KH GL
3K L J KMiow high DV ZHO-@ DWDX® RIQ B/nd @b VaROZ.59) were similarly
large ({[48]| = .23 p = .81). Hence, nasality is as important as voice pitch when stereotypically
characterizing the speech of German straight and gay men.
3.3 Implicit speech stereotypes

Determining the acoustic correlates of perceived straightness (adjusted signifidariéé O

=.0018), we found that the more men expressed gender conforming speaking patterns, the more

likely they were to be perceived as straight. This was true for FRimean F1 and F2, center of

gravity in /s/, and median fO in spontaneous speaitfr ( « p”
In order to quantify their relative importance, we used a multiple linear regression model

with stepwise inclusion of the five predictors (see Table 4). The model explained 42% of the
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variance in perceived sexual orientation. Meare perceived as straighter, the lower their median

fO in spontaneous speech<-.35,p = .003), the lower their center of gravity in /s/H-.33,p

=.005), and the lower their mean F2<-.29,p = .013). F2 in O and mean F1 seem to contribute

redundant information and were not included in the regression model (oth2, bothpV
3.4 Acoustic differences between gay and straight speakers
Differences between gay and straight men were examined reg@&lecoustic parameters

VHH 7DEOH DGMXVWHG VLIJQLILFDQFH OHYHO . 6 WU

Dand mean Flthangaymen (bdatp @ _ pV "~ DOt >RWaK HpV _-

Although F1 in Dwas ugd to calculate mean F1 and therefore both parameters correlated highly

(r=.82,p"~ PHDQ ) VHHPV WR FRQWDLQ DGGLWLRQDO LQIRU

(R =.67). Hence, we estimated the relative importance of both acoustic parameigagining
actual sexual orientation selaitegorization as gay or straight by using a binary logistic regression
model usingtheentetPHW KRG 7KH PRGHO H[SODLQHG REWKH YDUL

Mean F1 B =-.07,SE=.03,p = .022) prettted actual sexual orientation categorization

significantly, whereas F1 inDdid not 8 = .00,SE= .01,p = .97). Hence, mean F1 was a much

better predictor of actual sexual orientation categorization compared to FE1 in

3.5 Differences within tle subgroups of gay and straight men
We next considered whether it is appropriate to treat gay (Kirsegcores 12) and
straight men (Kinsejike scores 67) as acoustically homogeneous entities. Because no previous
study has investigated the acousterelates of sexual seldientificationwithin gay and straight
men (Baeck et al., 2011 had done so for gay men only), the significance level was left unadjusted

IRU HISORUDWRU\ UHDVRQV . $V FDQ EH VHH®QyYLQ 7DEO

differed each within the gay and the straight group. Exclusively gay men had less jitithen

mainly gay ment{23] =-2.22,p = .037) and exclusively straight men had a lower CoG in /s/ than
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mainly straight mentf24] = 2.11,p = .045).
3.6 Correlations of psychological characteristics and acoustic measures within the gay group

'R SV\IFKRORJLFDO FKDUDFWHULVWLFV LQIOXHQFH JD\ PH
was left unadjusted for exploratory reasons, but to reduce the numbesredarsly significant
correlations, only those psychological features with at least three acoustic correlates were
considered (see Table 5). Nearly all psychological features gathered were included in this analysis
except for TMF (see above). Two out of §yphological characteristics that showed three or more

acoustic correlates referred to gendde selfconcept (GEPAGF, CGNS). The more feminine gay

men described themselves on GERRQhe higher their F1 and F2 inX, CoG in /\$/, VOT in /t/,

and apiration in /k/ (t| = .40,p < .048). This pattern is predicted by gender inversion theory and
occurs for acoustic correlates of CGNS as well: gendeicnaform selfdescriptions were
accompanied by gender noonform speaking patterns.

Contact to girlsduring childhood is the only psychological characteristic referring to social

environment. The more contact to girls during childhood gay men reported, the higher their fO range

in spontaneous speech, the lower their shimmemrand the lower theirasalance (| = .42,p

=.036). Regarding voice seadssessment, the lower mean F1, median fO in spontaneous speech, and

the higher their HNR in O the more likely men described their voices as gender conforming and

heteronormative. Hence, gender conforg voice seHassessment was accompanied by gender
conforming speaking patterns. Discrimination experience was the only psychological characteristic
referring to comingput measures. Moreover, it was the only psychological characteristic showing

acousticcorrelates referring to one class of acoustic parameters: vowel space characteristics. Gay

men exhibiting higher F1 inL, F2 in X and mean F2, reported more discrimination experiences.

Summing up, each class of psychological characteristics, elocapbup affiliation measures, was
UHSUHVHQWHG DFRXVWLFDOO\ DQG ILQGLQJYV ZHUH LQ OLQH

gay men showing gender conforming psychological characteristics exhibited gender conforming
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speaking patterns, and giwersa for gender nesonform gay men.
1),;2810882.+

How accurate are speech stereotypes regarding male sexual orientation? The present
investigation represents the first study dealing with explicit and implicit speech stereotypes,
acoustic differenceseatween and within gay and straight men, and effects of social gender on
speech by applying a fingrained measurement of psychological characteristics and analyzing a
wealth of acoustic parameters from a large Gerspaaking male sample. Explicit speech
stereotypes for straight and gay German men complement each other. Voicé ptehZ3 K L JK”~
QDVDOLWD\HPRQOVDO  FKURPBRVEWALUWW 3GDQK VP RRWKQHVV
were most important. Especially with regard to the bdfiaf tifferent pitches characterize gay and
VWUDLJKW PHQYV YRLFHY HDUOLHU ILQGLQJV IRU $PHULFDQ
Puerto Rican Spanish were replicated (Mack, 2010). In line with popular cultural images of gay
men in Germany, we pvaded the first evidence that nasality is an equally important voice
VWHUHRW\SH UHJDUGLQJ PHQYV VH[XDO RULHQWDWLRQ DV Y
become apparent. In contrast to German speech stereotypes, previous American Engbsh studie
HPSKDVL]HG WKH SURPLQHQFH RI WKH 3JD\ OLVS® VHH O0XQVF
GLVUHJDUGHG DV D UHOHYDQW YRLFH IHDWXUH IRU FKDUDFMW
6LQJDSRUHDQ (QJOLVK &KLDQJ + H Qe iGermaK eguiviizit Q DV D C
ofthe S PHULFDQ (QJOLVK 3JD\ OLVS"®

,PSOLFLW VSHHFK VWHUHRW\SHYVY ZHUH LQYHVWLJDWHG E
VH[XDO RULHQWDWLRQ RQ V SWHile Fndingg in € iRpliciMeld fdd DediaP HW H
fO supported the explicitly expressed voice pitch stereotype and evidence for CoG in /s/ and mean
F2 corresponds to the chromaticity stereotype (associating lower values with straightness), the
explicitly stated nasality difference for gay and straight men waseplicated on the implicit level.
The evidence we found on the implicit level is fully in line with gender inversion theories.

Compared to a previous investigation on acoustic correlates of perceived sexual orientation in male
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German speakers, eviderme mean F2 was replicated whereas null findings for central tendency
measures of fO and /s/ were not (Sulpizio et al., 2015). Hence, mean F2 seems to be most important
LQ GULYLQJ WKH SHUFHSWLRQ RI PHQYYV VH[XDO RULHQWDWL

Actual sexual orientation waggsialed by only one acoustic parameter: Straight men showed
lower mean F1 than gay men. This contradicts previous findings for mean F1 from studies using
English speakergferrehumbert et al., 200Munson et al., 2006Rendallet al., 2008) but is
compatible with former evidender vowelspecific Ftvalues from a male German sample
(Sulpizio et al., 2015; mean F1 was not analyzed in this paper). Thus, in contrast to German women
(Kachel et al., 2017), there seems to be a agieacoustic parameter that differentiates between

PDOH VH[XDO RULHQWDWLRQ JURXSV ) +RZHYHU OLVWHQH
sexual orientation nor could it be linked to any explicitly expressed speech stereotypes. Because
neither eylicit nor implicit stereotypes correspond to actual differences, there is strong evidence for
stereotypic inaccuracy as one aspect of speech stereotype inaccuracy.

Although there was an acoustic difference between actually gay and straight men, evidence
for within-group differences was much stronger. This suggests a second type of stereotype
inaccuracy: dispersion inaccuracy. The first piece of evidence showing acoustically potent
variability within groups refers to the degree of sexual orientation. (meling to gender
inversion theory, exclusively straight men showed lower center of gravity in /s/ than mainly straight
men. However, contradicting gender inversion theory, exclusively gay men exhibited less jitter than
mainly gay men. In line with a study Dutch speakers (Baeck et al., 2011), we found no
acoustically potent withigroup differences for gay men on mean f0. Kachel et al. (2017)
LQYHVWLIJDWHG WKH HIITHFWV RI DFWXDO VH[XDO RULHQWDW|
the acoustic pency of sexual orientation depends on contextual factors such as gender of the
H[SHULPHQWHU +HQFH ZH UHFRPPHQG IXWXUH VRFLRSKRQH
grained measurement of actual sexual orientation instead of mereamthotonous sexual self

FDWHJRUL]DWLRQV DQG H[DPLQH WKH HIITHFWV RI H[SHULPHQ
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The second piece of evidence for acoustically potent variability within groups regards the
guestion as to which psychological characteristics of gay men are assedgthtevhich (if any)
acoustic parameters. In line with gender inversion theory, less contact to girls during childhood,
more gender conforming voice salésessment, and fewer discrimination experiences were
connected to gender conforming acoustic parareefhis is in line with findings showing that
comingRXW DJH ZzDV QRW UHIOHFWHG LQ PHQTV VSHHFK %DHFN
corresponds to findings for German lesbians that show their psychological characteristics being
mirrored in tleir speaking patterns (Kachel et al., 2017). Hence, the present study emphasizes the
UHOHYDQFH RI LQFOXGLQJ SV\FKRORJLFDO FKDUDFWHULVWLI
to test multiple hypotheses on the origin and development of acousttates of sexual
orientation.

The third piece of evidence showing acoustically potent variability within groups refers to
actual masculinity/femininity. We found gay and straight men whedes€ribed as more
masculine exhibiting lower mean F2. In c@st to previous studieBiemans, 2000; Chiang,
2003, we relied on several speakers representing each group and used instruments that reliably and
validly measure gendeple selfconcept (for a recent discussion on the value and test quality
criteria ofgendefrole selfconcept instruments in general and the TMF in particular see Kachel et
al., 2016). Hence, the present investigation provides the first evidence that actual
PDVFXOLQLW\ IHPLQLQLW\ LV UHIOHFWHG L @xhdl@i§iatdrs HHFK [
Moreover, different acoustic parameters signal actual sexual orientation (mean F1) and
masculinity/femininity (mean F2); however both are connected to vowel space. Whether mean F2 is
used across different languages to indexicalize hotaaculinity/femininity could be tested by
future studies.

2YHUDOO RXU DSSURDFK IRU LQYHVWLJDWLQJ PHQTV VS
GHDOLQJ ZLWK JD\ DQG VWUDLJKW PHQ ZH LQYHVWLJDWHG V

and we took a diversitgriented focus when looking at intggoup \ariability and considering
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VH[XDO RULHQWDWLRQ JURXSY QRW RQO\ DV HIWHUQDOO\ GF
Barrett, 1997). We found evidence for acoustically potent variability within groups indicating that

gay and straight men shouteé considered as internally heterogeneous, supporting conclusions

drawn by Kachel et al. (2017) for lesbians and straight women. Hence, although lay gender

inversion theory was partially supported, when looking in detail, the overall result pattern

contradcts this theory because it assumes homogeneity within groups.

There are some limitations of the present study. Despite our relatively large group sizes (

25 per group), we were only able to detect large effects. However, generalizations of findings
regarding sexual orientation are limited, because nothing is known about how acoustic,
psychological, and other characteristics are distributed irstraight populations (Sandfort, 1997).
([SOLFLW FDOOV IRU JD\ PHQTV S-Beléthvh BfliitdEeiétliRgromidnablé) RY RN
with their minority status and primed them to behave in a specific manner. Although we explicitly
referred to sexual orientation during our recruitment, we did not make the sexual orientation of our
speakers salient to tlmeon the recording day. Letting our speakers fill out the Kitikeyscale
againbefore the recordingould have led to more pronounced speech differences due to activated
group identity (sed@ajfel & Turner, 1979; Hornsey, 2008n order to increaseatistical power, we
recommend future studies to use even larger sample sizes andprakef§ group identiy salient
before the recording.

Additionally, our recordings were domea lab by experimenters with prior knowledge of
VSHDNHUVY VH[XDO RULHQWDWLRQ +HQFH JHQHUDOL]DWLRC
because of the artificiality of the recording environment and because the experimenter may have
subconsciody treated gay and straight speakers differently. Future studies should reduce artifacts
of lab speech by investigating natural surroundings by using mobile microphones (Podesva, 2011)
DQG UHO\ RQ HI[SHULPHQWHUY EOLQG WR VSHDNHUVY VH[XDO

The pesent study has yielded two main findings. First, the implicit and explicit speech

stereotypes our participants held about gay and straight men contained little truth because their
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stereotypic content was inaccurate (i.e., neither the explicit nor thieiinspereotype reflected the

actual F1 difference found between gay and straight men). Second, perhaps even more importantly:
Differences between gay and straight men are less important than differéh@esoth groups,

indicating dispersion inaccunacHence, we found supporting scientific evidence for one of the

PDLQ PHVVDJHV RI WKH LOOXVWUDWLYH GRFXPHQWDU\ PRYLE

regarding male sexual orientation seem to be inaccurate.
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Table 1. Overview of Previous Studies on Explicit Speech St8ddtv DQG $FRXVWLF &RUUHODWHYV RI OHQYV 3HUFHLY|

$ABO58

Explicit speech stereotypes

Implicit speech stereotypes

(listenercentered studies on sexual orientation)

Kernel of truth
(speakeitcentered studies on sexual orientation)

Acoustic Deductions Empirical
parameter from GID? findings Supporting evidence No evidence Supporting evidence No evidence
Intonational features
Gaudio (1994); ! 5
Rogers and Smyth Lerman and DamstZ (1969)
) . - . (2003); Gaudio (1994);
_ SM: low pitch; Linville (1998);  — gio000'(2003): CEM: Sisso (2003);
FO measure o GM: high pitch Sisson (2003): CEM; ) L ) )
. ] Smyth et al. (2003); Linville (1998); Munson et al. (2006);
central SM<GM (Piccolo, 2008; 9DOHQWRYD D | ) K | dall I ;
tendency Mack 2010 (2013): rated by gay Munson et al. (2006); Baeck et al. (2011) Ren all et al. (2008);
Panfili, 2011') .men 9DOHQWRYD D Zimman (2010);
' (2013): rated by straight 9DOHQWRYD DQ
women; (2013);Sulpizio et al. (2015)
Sulpizio et al. (2015)
. . Gaudio (1994); !
GSMM 'b?g;;onﬁc’:h Rogers and Smyth Gaudio (1994)
FOrange SM<GM ' range P Sisson (2003): CEM (2003); - Munson et al. (2006);

(Piccolo, 2008)

Sisson (2003): CFM;
Munson et al. (2006)

Zimman (2010)

Sibilant measures

Measures of
central tendency
for /sP

SM<GM

/sl skewness SM > GM

Measures of
central tendency
for / 3

[ Uskewness

SM<GM

SM > GM

GM: lisping
(Piccolo, 2008;
Mack, 2011;
Panfili, 2011)

Linville (1998);
Sulpizio et al. (2015):
M

Munson et al. (2006)

Munson et al. (2006);
Zimman (2010);
Sulpizio et al. (2015):

GM

Sulpizio et al. (2015)

Munson et al. (2006);
Zimman (2010)

Munson et al. (2006)

Linville (1998)

Munson et al. (2006)

Vowel space characteristics
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Zimman (2010)

Sulpizio et al. (2015)

Munson et al. (2006);
Zimman ( 2010)

Munson et al. (2006)



! ! Pierrehumbert et al. (2004);
Vowel space

. ) Piccolo (20089, i Munson et al. (2006);
shift (”;ﬁg‘”lz';)l SM<GM Munson et al. (2006) Zimman (2010) Rendall et al. (2008);
Zimman (2010)
SM: poor ! !
articulation;
Vowel space SM<GM p?g/rl]:uaﬁgﬁfn i Munson et al. (2006); Pierrehumbert et al. Munson et al. (2006);
expansion (Piccolo, 2008; Piccolo (2008) (2004) Rendall et al. (2008)
Mack, 2011,
Panfili, 2011)
! ! Pierrehumbertetal.  Pierrehumbert et al. (200%)
F1 and E2 in (2004); Munson et al. (2006);
sinale vowels SM<GM - - Sulpizio et al. (2015) Munson et al. (2006); Rendall et al. (2008)
9 Rendall et al. (2008) Zimman (2010);
Sulpizio et al. (2015) Sulpizio et al. (2015)
Temporal characteristics
| | :
' o . : Sisson (2003);
Linville (1998); Sisson (2003): CEM; . .
Segmental ) . ) ) . ) Pierrehumbert et al. (2004);
durational SM < GM GM: !qnger S Sisson (2003): CFM’ P.'CCOIO (2008)3 Linville (1998) Munson et al. (2006);
. (Panfili, 2011) Munson et al(2006); Zimman, 2010; . ;
differences Sulpizio et al. (2015) Panfili (2011) Zimman (2010);
' Sulpizio et al. (2015)
i [ | |
Voice onset SM < GM ) o - : : 1 I
time
Voice quality parameters
i : : GM: soft, ! I
Breathiness, SM: creaky; breathy - Munsonet al. (2006) - Munson et al. (2006)

Creakiness GM: breathy (Piccolo, 2008)

Nasalance ) GM: nasal voice ! ! d d | |
(Mack, 2010) ’ :

?2GG*(=/10/2.e&X!.Y1.&H.:9/),& @ (.&TXH]"4&X!.L/N.&$*(+,& @ (.&TX$]"4&:(.;(*&/.=(*)/2.&0,(2*8&T%5#"4&50!9/!.& @ (.&T5]"4 &L TALRA&L%!8& @ (.&T%]"4&<0*!/:,0& @ (.&
T<]"Y&

%0 mean and modal speaking frequerfpgak frequency and center of graviths a basis for most comparisons served a review on gender divergent speaking pat@8)2.4&
PDDQ"XR.0*!;/+0/.:&(=/;(.+(&/.)0(";&27&2*&4;;/0/2.&02&.2§/:./7/+!.0&7/.;].:Y
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Table 2.Psychological Differences between Gay and Straight Speakers (comparison 1), between
Exclusively and Mainly Gay (comparison 2), and between Mainly and Exclusively Straight

Speakers (comparison 3).

Comparisori Comparison 2 Comparison 3
Psychological Gay* Straight p-value Exclusiv. Mainly p-value Mainly  Exclusiv. p-value
characteristics gay gay straight  straigh?
Sexual Orientation
"Gyno-Androphily-
. 4.79 4.72 <.001 -4.94 447 24€ 4.07 496 .042
Difference
iPerceivec
. 57 71 .028 .60 51 .354 .69 71 773
Straightnes:
Gender-role self-concept
TMF 349 2.51 <.001 3.43 3.60 .651 2.90 2.37 225
“GEPAQF 4.5 3.72  .027 4.03 4.07 .821 3.92 3.65 .246
“GEPAQM 3.31 3.41 .601 3.37 3.20 .573 3.47 3.38 .733
CGNE 303 1.78 <.001 2.95 3.22 .398 1.97 1.71 226
Group affiliation W R «
T«JD\ P 464 2.42 <.001 4.59 475 743 3.43 2.05 .004
Jl«VWUDL. 344 5.62 <.001 3.41 3.50 .874 5.00 5.84 .315
iPsychesocial
o 4.38 480 .185 4.24 4.67 .385 4.06 5.08 .037
identification
Social environment
ICurContogay me 516 3.85 .001 5.18 5.13 .883 3.86 3.84 .983
iCurCon to straigl
mer 5.48 6.48 .001 5.24 6.00 .150 6.67 6.42 .434
IGenDis of friend 364 4.65 <.001 3.53 3.88 .221 4.43 474 504
ISexOr of male frienc 4,00 6.23 <.001 4,00  4.00 1.000 5.71 6.42 .004
IConGirls 576 450 .001 5.94 538 .198 4.71 4.42 679
IConBoy:  4.92 6.35 <.001 512 450 .260 5.86 6.53 .056
Voice self
4.28 5.44 <.001
assessment

Coming-out related characteristics

IComingOut exter 5.42 489 .322

kKConcealmet 2.21 2.38 .634
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motivatior

'Discriminatior 1.44 206 071
Abbreviations: Traditional Masculinitizemininity Scale (TMF), German Extended Personality Attributes

Questionnaire (GEPAQ¥ender Role Behavior Scale (GR&)d Childhood Gendétonconformity Scale (CGNS).
Endings indicate masculinityNl) and femininity ¢F) scales. Contact to corresponding gender during childhood
(ChildCon), current contact (CurCon), sexual orientation (SexOr), and gender distr{@eioDis).

an = 25 with Kinseylike scores for gay mena. ®n = 26 with Kinseylike scores for straight men® n=17.n= 8.
en=7."n=19."Scale ranged fron® to 6.' Scale ranged from .00 to 1.0Gcale ranged from 1 to ¥Scale ranged
from 1 to 6! Scale rangd from 1 to 5.

7KH VLIJQLILFDQFH OHYHO LV . DIWHU DGMXVWLQJ LW WR WHVWYV I

p-values ardold.
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Table 3. Acoustic differences between gay and straight speakers (comparison 1), between exclusively and mainly gayh(2hrapdrisetween

mainly and exclusively straight speakers (comparison 3), as well as acoustic correlates of presenbigradieconcept and perceived straightness.

Comparison 1 Comparison 2 Comparison 3 TME STrZri;fwit\;]iis
Acoustic Gay*  Straight p-valu¢ Exclusiv. Mainly p-valué Mainly Exclusiv. p-value¢ r p-valu¢ r p-value
parameter gay gay straigh? straighf
Intonational characteristics (Hz)
FO median ree 11¢ 11€ A67 118 122 478 119 115 .509 -.07 612 -.39 .005
FO range ree 8¢ 81 .14¢ 89 90 937 87 79 341 -.08 579 -21 138
FO median spc 11€ 11C .09z 116 118 .748 115 109 .281 -.01 .954 -48 <.001
FO range spc 98 95 T27 99 95 721 101 93 445 -.10 465 -.124 376
Sibilant measures (Hz)
CoG 340¢ 331c 40z 3400 3420 .920 3513 3238 .080 .30 .036 -.23 .109
Skewness 1.2¢ 1.02 .052 1.25 1.39 521 1.22 .96 .201 .32 .022 -31 .025
CoG ¢ 630¢ 569¢ .01C 6302 6321 .952 6256 5493 ".045 .46 .001 -47 <.001
Skewness -0.51 -0.0z .00¢ -.46 -.61 .506 -.08 .00 .749 -.37 .008 .36 .010
CoG-Diff s and 290z 2387 .01z 2902 2902 1.000 2743 2255 131 37 .007 -.43 .002
Vowel space features (Hz)
) LQ 273 25¢€ .01€ 272 274 .895 256 257 .887 .29 .038 -21 .140
) LQ 218: 211 .03¢ 2188 2168 .696 2110 2110 991 .29 .037 -.29 .042
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) LQ 69€

) LQ 126(
) LQ 28¢
) LQ 661
Mean F: 41¢
Mean F. 136¢
VowelSpac .3z

Plosive characteristics (ms)
VOT Ipi  45.4¢
Asp /p. 61.5Z
VOT 1t/ 68.1¢
Asp 83.6¢
VOT /k/ 66.7¢
Asp /ki 81.2¢

Voice quality parameters

-LWWHU .26
6KLPPHU 1.7
+15 De- 21.5¢
Nasalance in ¢ 33.92

65¢

120(

661

39¢

132¢

28

42.7¢

58.81

64.27

78.4%

62.71

79.5¢

2.11

19.6¢

35.2¢

<.001

.02C

.02z

.51¢

451

40t

.23¢€

.38t

.70C

696

1266

201

650

420

1368

19

44.94

62.12

67.76

84.82

66.41

81.82

.26

1.65

22.00

695

1249

286

685

418

1367

31

47.50

60.25

69.00

81.25

67.50

80.00

.34

1.89

20.70

.939
.582
.549
167
.856
978

.600

.830
.755
.870
579
.894

.801

037
.295

124

668

1228

274

674

399

1337

.29

45.29

58.57

62.71

70.43

60.43

75.57

.69

3.18

17.62

647

1189

279

656

394

1320

.27

41.79

58.89

64.84

81.37

63.63

81.00

.39

1.72

20.38

317

.383

.613

739

531

.586

514

.555

.953

771

.120

611

425

.164

.085

176

24

41

.29

37

37

49

12

19

.36

31

15

.26

.26

-12

-.16

17

-.16

.087

.003

.042

.008

.008

<.001

.395

176

.009

.026

281

.062

071

375

.264

211

324

-.38

-.44

-.29

-.23

-.44

-.45

-.25

-.14

-12

-.35

-.20

15

-.36

.09

.00

-11

A2

.006

.001

.041

.099

.001

.001

.080

.328

405

011

151

.014

.009

.087

991

449

465
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an = 25 with Kinseylike scores for gay mena. ®n = 26 with Kinseylike scores for straight mens¢7KH VLJQLILFDQFH OHYHO LV . DIWHU DGMXYV
the Bonferroni correction formula. Significantvalues ardoold. “n=17.n = 8. The significance level was left unadjusted for exploratory reagigsificant pvalues were

indicated by the common levels of asterigks= 7."n=19.'n = 51.

p ".05.” S 01.” S !001.
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Table4. Regression of Perceived Sexual Orientation on Acoustic Parameters Showing

Significant Correlations with Perceived Sexual Orientation.

Predictors Step 1 Step 2 Step 3
and model fit
criteria b SE Beta p b SE Beta p b SE Beta p
Predictors
FO m@'as‘gc')?] .01 .00 -48 <001 -01 .00 -40 .001 -0l .00 -35 .003
CoG/s/ .00 .00 -40 .001 .00 .00 -33 .005

Mean F2 .00 .00 -29 .013
Model fit
Corrected R R2=.21 R?=.35 R= .42
Significance F(1, 48) = 14.22, F(1, 47) = 11.50, F(1, 46) = 6.72,
of R?>-change p <.001 p=.001 p<.013

Abbreviations: Center of gravity (CoG), spontaneous speech duringl@sthiption (spon).

([FOXGHG YDULDEOHV ) LQ D+ DQERWHEGERV)e ERWK %HWD ”
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Table5. Correlations of Psychological Characteristics and Acoustic Parameters within the Gay

Group f = 25).
Acoustic Voice self
parameters GEPAQF+ CGNS ConGirls assessment Discrimination

Intonational characteristics (Hz)

FO median reac - 24 (.250) .16 (.441) 18 (.395)  -.42 (.074) .26 (.215)
FOrange reac - 31 (.129) -.00 (.940) 31 (.133)  -.23(.347) -.04 (.839)
FO median spor - 17 (.426) 29 (.172) .36 (.082) *-.56 (.015) .15 (.476)
FOrange spor -23(.279)  -.00 (.991) .50 (.013)  -.43(.078) -.02 (.938)

Sibilant measures (Hz)

CoG L .46 (.022) 21 (.319) 23 (.275)  -.20 (.407) -.03 (.889)
SkewnessL  .26(.204) .27 (.200) -17 (.406)  -.24 (.327) .27 (.187)
CoGs *42(.037)  ".40(.048) .09 (.684)  -.35(.137) .06 (.790)
Skewness ¢ .07 (.750)  -.18 (.401) -23(.270)  .35(.145) -.12 (.567)
CoGDiffsand L 16 (.435) .30 (.145) -.05(.805)  -.22(.370) .08(.706)

Vowel space features (Hz)

Flin/i¢ .05 (.826) *.40 (.046) 15 (.466)  -.26 (.284) *.42 (.037)
F2in /if .07 (.741) .36 (.076) 14 (514) .03 (.896) .27 (.198)
Flin/a¢  -09 (.674) .15 (.463) 31 (.139)  -.44(.062) .05 (.803)
F2in /a¢ .04(.865) -.02 (.916) -27 (.201)  -.22(.375) 22 (.297)
Flin/ub  *.45(.023) .23 (.267) 18 (.381)  -.29 (.234) .05 (.814)
F2in/ut  *.42(.037) .10 (.625) 13 (.524)  -.35(.145) *.45 (.026)
Mean F1 10 (.621) .37 (.071) .34 (.095) "-.53(.019) .25(.234)
Mean F2 22 (.298) .29 (.165) .03 (.876)  -.23 (.350) *.45 (.026)
VowelSpace  -.20 (.345) 13 (.549) 16 (.451)  -.10 (.700) -.03 (.876)

Plosive characteristics (ms)
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VOT /p/ .28 (.173) 12 (.575) -18(.384)  -.19 (.428) .05 (.830)

Asp /p/  .38(.065) .14 (.507) -14 (.505)  -.33(.163) 14 (.513)
VOT i/ ™ 51 (.009) *.43 (.030) -07 (.757)  -.09 (.723) .04 (.850)
Asp /! .20 (.338) .15 (.479) .18 (.387)  -.24(.318) .03 (.893)
VOT /k/ .34 (.099) .10 (.652) -.28 (.182) .14 (.572) -.05 (.799)
Asp /kl .40 (.048) .08 (.947) -15 (.474)  -.03 (.895) -.02 (.934)

Voice quality parameters

Jitter /a¢in% 01 (.949) -.04 (.863) -14 (\447)  -.33(.170) .39 (.054)
Shimmer /&
nop  ~30(151) -.37 (.064) .42 (.036)  -.03(.903) -.06 (.788)
0
HNR/atindB 09 (.668) .06 (.772) 26 (.211) .46 (.046) -.09 (.668)
Nasalance in % 12 (.631) .10 (.704) ~-.59 (.010) .05 (.857) .36 (.140)

Abbreviations: Femininity scale of the German Extended Personality Attributes Questionnaire (GEPAQ
Childhood Gender Nonconformity Scale (CGNS), contact to girls durings childhood (ConGirls), center of gravity
(CoG), read speech in butter story (reagpntaneous speech during path description (spon), voice onset time
(VOT), aspiration (Asp), harmonidgs-noise ratio (HNR).

The significance level was left unadjusted due to exploratory reasons. Significaloeg are indicated by:

p ".05.” S 01.”" S 001.
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Figure 1. Correlation of present gendmle seltconcept (TMF) and mean F2 (upper panel) and

center of gravity in /s/ (lower panel) separated for gay and straight men.

Figure 2. Explicit spech stereotypes regarding sexual orientation, arranged according to mean

differences (for bipolar scales) and differences from scale midpoint (for unipolar scales).
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Table Al. Distribution of Speakers Regarding Sexual Orientation on Klikeegcale in

I"H$Y6&'()*+,+ +./"*.0+1)).#0(2

Sessions 1 and 2.

Supplemental Material

Number per cell

Kinseylike score

Session :Session

1-

2 -

Exclusively gay

Mainly gay

Somewhat gay

Equally gay and straig!

Somewhat straight

Mainly straight

Exclusively straight

17 15
8 4
2 0
1 2
0 0
7 5
19 13
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Figure Al. Schematisagittal view of the isolation plate and nasal and oral microphones.



|!%II

5000+

4000+ i+ ‘i‘ ‘

i =

3000+ : -

2000+ = - e

Frequency [Hz]

) b
LU

'j U ."\I "- ddy

Frequency [Hz]
=

1000+

VOT VOT+

VOT

17.74

Time (s)

17.98 16.98 17.26
Time (s)

Figure A2. Spectrograms of the second syllable from two tokgyedaafcht SGLYHG ™ ZLWK
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Online Questionnaire
Sexual orientation

6H[XDQA VHQWLILEQVBILR® 6 FDOH .LQVOHDUBRPHUR\

‘H DGDSWHG WKH REROHQIRW .RRWHWXG\ ZLWK UHJDUG WRHWKH\VFDOH U

VLQJOH VFDOH SRLQW

,WHBHJDUGLQJ P\ VH[XDO RULHQWDWLRQ , LGHQWLI\ DV

([FOXVL ODLQO\| 6RPHZK (TXDOO| 6RPHZK ODLQQ ([FOXVL

JD\ JD\ DQG VW VWUDL VWUDL VWUDIL

6H[XDO RULHQWDWLRE® AARPHUGCWRBH@E®REMHFWLILDEOH PHDVX

3+RZ RIWHQ KDYH \RX H[SHULHQFHG

9H U\ JURP W 9HU

1HY| VHO( 6HOd WR W| 2IW| RIW $0ZDO

«VH[XDO IDQWDVLHV 71 | | | | | | I

«VH[XDO IDQWDVLHV 2 | | | | | | |

A

URPDRQWWRIDFWLRQ V| | | | | | | |

«URPDQWLF DWWUDFV | | | | | | |

« SK\VLFDO DWWUDFW]| | | | | | | |

« SK\VLFDO DWWUDFW]| | | | | | | |

« VH[XDO LQWHUDFWLHE | | | | | | I

«VH[XDO LQWHARPFMQLE | | | | | | |




0%

Masculinity/femininity

7UDGLWLR QD QHPRL\QFDQAMDAPED OBIFKHO 6WHIIHQV DQG 1LHGC

9H U\ 9H U\

PDVFX IHPLQ

, FRQVLGKU P\VH | | | | | | I

,GHDOO\ , ZR XO ( | | | | | | |

7TUDGLWLRQDOO\

ZRXOG EH UdJDU

7TUDGLWLRQDOO\
DQG EHOLHIV ZR]

UHJDU&GHG DV

7TUDGLWLRQDOO\

ZRXOG EH UdJDU

7TUDGLWLRQDOO\
DSSHDUDOQEM ZR’

UHJDU&GHG DV




%)

German Extended Personal Attributes Questionnaire MasculBdle(GEPAQM by Runge, Frey,

Gollwitzer, Helmreich, and Spence, 1981).

1IRW LQGH 9HU\ LQGHSHQGH(
9HU\ SD 9HU\ DFWLYH
IRWRPSH\ 9HU\ FRPSHWLWLY
"HELV 1RW GHFLVLYH
*LYHV XS IHYHU JLYHV XS

1RW ¥RQIL

BHORQILGHQW

YHHOV L

JHHOV VXSHULRU

'RHWQ VWDQG XS X

6WDQGQ XISU SUH

*tems with asterisks had to be recoded (1to5,2t04,3t03,4t02,,5t0 1)

German Extended Personal Attributes Questionnaire FemirBuale(GEPAQF by Runge,

Frey, Gollwitzer, Helmreich, and Spence, 1981).

1RW HPR

9HU\ HPRWLRQDO

'"HYRWHYV VH|

'RHWQ GHYRWH VH

9HU\ U 9HU\ JHQWOH
1RW KH 9HU\ KHOSIXO
9HU\ X( 9HU\ NLQG

1RW DZDUH |

$ZDUH RI IHHOLQJ

1IRW XQGHI

9HU\ XQGHUVWDQ

&R (

:DUP

*Items with asterisks had to be recodédo 5, 2to 4,3t0 3,4t02,5t01)
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Gender-role selfconcept during childhood

Childhood Gender Nonconformity SCa{(€GNS, see Rieger, Linsenmeier, GygaxBa&iley, 2008).

*We adapted the original CGNS scale for our study with regard to scale rabgelékcription of the scale points,

and a few wordings. Moreover, we added the last item to our scale.

, VWU

GLVD/

3DuUWw

SDUW

, VWU

DJUH

, ZDV D IHPLQLQH ER\

$V D FKLOG , ZDV FDOOI

SDUHQWY DQG RU SHHU

$V D FKLOG , VRPHWLPH

ERUQ D JLUO UDWKHU W

$vV D FKEOBIHUUHG SOD)

UDWKHU WKDQ ER\V

$V D FKLOG , RIWHQ IHO

FRPPRQ ZLWK JLUOV WK

$V D FKLOG , XVXDOO\ C

FORWKLQJ

$V D FKGOG QRW OLNH F

VSRUWY VXFK DV VRFFH

$V D FKLOG , EHKDYHG

*Items with asterisks had to be recodédo 5, 2to 4,3t0 3,4t02,5t01)
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Group affiliation (Affiliation to gay and straight men)

,WHP 330HDVH PDUN WKH SLFWXUH WKDW GHVFULEHV \RXU UHOD

Self Gay/ straight men

| - 7N
o Y,
~
U

DORRR

Self Gay/ straight men
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Psychasocial identification

Collective SeHEsteem Scal@CSES by Luhtanen and Crocker, 1992).

6 WUH

UHMH

6WUR

DJUHH

SULYDX\EW FDOH

, RIWHQ UHJUHW WKDW , EH(

,Q JHOQWPUDMD G WR EH D PHPE

JURXS , EHORQJ WR

2YHUDOO , RIWHQ IHHO WKZEC

ZRUWKZKLOH

, IHHO JRRG DERXW WKH VRF

,GHQWABMFDOH

2YHUDOO P\ JURXS PHPEHUY

GR ZLWK KRZ , IHHO DERXW F

7KH VRFLDO JURXSLPERORO®UI

UHIOHFWLRQ RI ZKR , DP

7KH VRFLDO JURXS , EHORQ

VHQVH RI ZKDW NLQG RI D SH

'Q JHQHUDO EHORQJLQJ WR

LPSRUWDQW SDRDHI P\ VHOI

*Items with asterisks had to be recod&do 7,2t06,3t05,4t04,5t03,6t02, 7t0 1)
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Social environment

- Present social environment

Current contact tgay men(based orHodson, Harry& Mitchell, 2009).

JWHP

S)UHTXHQF\ RPHQQWDFW WR JD\

I1HYHU

$OPRYV

QHYH|

6HOGR

6RPHWI

2TWH G

9HU\ RI

$0zD\

Current contact to straight men

JWHP

S)UHTXHQF\ RI FRQWDFW WR VWUDLJKW PHQ °

IHYHU $OPRYV 6HOGR 6RPHWI 2IWHQ 9HU\ RI $0zD\
QHYHI
Genderdistribution of friends.
,WHP 30\ FLUFOH RI I[IULHQGV FRQVLVWYV RI
«ZRPH{ «ZRPH({ « VRPHZ «ZRPH{ «VRPHZ «PHQ| «PHQ R
RQO\ PDLQQ PRUH ZF DQG Pl PRUH P PDLQGC

HTXDQ
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Sexual orientation of male friends.

JWHP

S0\ IHIPDFROOH R

IULHQGYVY FRQVLVWYV RI

« JD\ P « JD\ PH « VRPHZ « JD\ D{ « VRPHZ « VWUD « VWUD
RQO\ PDLQ(C PRUH J VWUDLJ PRUH VY PHQ PD PHQ R(
PHQ HTXDQ PHQ

- Childhood social environment

Contact to girlsduring childhood

,WHP 3&RQWDFW WR JLUOV ~
1HYHY 9HU\ VH 6HOGRK JURP WL 2IWH(Q 9HU\ RI $0ZD\

WLPH

Contact to boys during childhood.

,WHP 3&8RQWDFW WR ER\V ’
I1HYHY 9HU\ VH 6HOGR JURP WL 2IWHQ 9HU\ RI $0ZD\

WLPH




&

Voice selfassessment

6 WUR

UHMH

6WUR

DJUHH

, EHOLHYH RWKH

VSHDN LQ D PDV

, WKLQN , VSHDN

VWHUHRW\SLFDO

'Q RWKHWRSHRS

VSHDN VWHUHRW

2ZWKHU SHRSOH

LQ D IHPLQLQH Z

,Q P\ RSLQLRQ

VWHUHRW\SLFDO

, WKLQN , VSHDN

*ltems with asterisks had to be recodédo 7,2t06,3t05,4t04,5t03,6t02,7to 1)




Coming-out measures (Data collected for nostraight men only)
Comingout extent.
,WHP 3'RHV \RXU PRWKHU NQRZ DERXW \RXU VH[XDO RULHQ

,WHP 3'RHV \RXU IDWKHU NQRZ DERXW \RXU VH[XDO RULHQV

(7TKH VFRUHV IRU SDUHQWVY Jdpdntiseale ir drdedtoy &t boghpatade WR WKH
values for an overall comingut extent index: if neither mother nor father knew about theliR Q TV
VH[XDO RULHQWDWLRQ WKLV ZDV UHFRGHG DV 3"~ LI RQO\

ZLWK 3~ DQG LI ERWK SDUHQWY NQHZ D 3  zZDV DVVLJQHG

,WHP 3+RZ PDQ\ SHUVRQV RI WKH IROORZLQJ JURXSV LI HIL

orientatiR Q "~

+DOI $00

IRQY WKHI WKH

BUHVHQW VWUDLJK]| | | I I I I I

$FTXDLQWDQFHYV | | | | | | |

JHOORZ VWXGHQWYV | | | | | | |

&ROOHDJXHV | | | | | | |

%RVV | | | | | | |
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Concealment Motivatigrsubscale of LBIS by Mohrand Kendra, 2011).

6 WU H 6 WUR

UHMH DJUHH

, NHHS FDUHIXO FRQWURO RY|

VDPHHQGHU URPDQWLF UHODW,

, SUHIHU WR NHHFBEGPH\UVDRPIDQ\V

UHODWLRQVKLSY UDWKHU SUL

O\ VH[XDO RULHQWDWLRQ LV D

PDWWHU




o

Perceived discrimination experiences.

1HY

2QF

5DUI

6RPHW

21WE

2WKHU SHRSOH DFW DV LI , ZD

, ZDV LQVXOWHG RU FDOOHG Q

, IHDUHG VRPHWKLQJ FRXOG KI

&RPSDUHG WR RWKHU SHRSOH

XQIDLU

, ZDV KDUDVVHG

, UHFHLYHG SRRUHU VHUYLFH

,Q VKR&NWYVY LIQRUHG RU WUHDW

, ZDV WKUHDWHQHG

2ZWKHU SHRSOH WUHDWHG PH Z

2ZWKHU SHRSOH LJQRUHG PH

, ZDV WUHDWHG OHVYV SROLWH

, HISHUIGHYPKE DQWDJHV GXUL

, ORVW P\ MRE RU GLG RROMHVR

ELVH[XDO




Explicit speech stereotypes

Only Only
gay straight
1 2 3 4 5 6 7
1 High o] o] o] (o] o] o] o]
2 Slow o] 0 0 o] 0 o] o]
3 Variable o] o] o] (o] o] o] o]
4 Loud o] 0 0 o] 0 o] o]
5 In dialect (o] o] o] 0 o] o] o]
6 Succinct o] 0 0 o] 0 o] o]
7 Unclear o] o] o] (o] o] o] o]
8 Bright 0 0 0 0 o] o] o]
9 Non-nasal 0 0 0 0 0 0 0
10 Blunt o] 0 0 o] 0 o] o]
11 Hoarse 0 0 0 0 0 0 0
12 Soft o] 0 0 o] 0 o] o]
13  Lotsof pauses o 0 0 0 0 0 0
14 Rather asking o 0 0 0 o] o] o]
15 Shrill o] o] o] o] o] o] o]
16 Strong o] 0 0 0] o] 0] 0]
17 Lots of o] 0 0 (o] o] o] o]
resonance
18 Clear 0 0
19 Hard
20 Breathy o] 0 0 o] o] o] o]




T

Only Only
gay straight

1 2 3 4 5 6 7
21 Dark o] o] o] (o] o] o] o]
22 Rather statingc o 0 0 o] o] o] 0
23 Strained o] o] o] o] (o] o] (o]
24 Fast o] o] o] o] o] o] o]
25 Slack o] o] o] (o] (o] o] o]
26 Squeaky o 0 0 o] o] o] 0
27 Raspy 0 0 0 0 0 0 0
28 Sedate o 0 0 o] o] o] 0
29 Staccato o] 0 o] o] o] o] o]
30 Monotonouos o] o] o] o] o] o] o]
31 Weak o] o] o] 0 0 o] (o]
32 Stagnant 0 0 o] o] 0] 0] o]
33 Standard o o] o] 0 0 o] (o]

German

34 Nasal 0 0 0 o] o] o] 0
35 Little pauses o o] o] o] o] o] 0
36 Stretched o 0 0 o] o] o] 0
37 Low o] o] o] o] o] o] o]
38 Fluid 0 0 0 o] o] o] 0
39 Quiet 0 0 0 0 0 0 0
40 Pointed 0 0 0 o] o] o] 0
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Do they all speak the same?

Investigating sexual orientation information using voice averages
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Abstract

While the perception afexualorientation in voices often reli@s stereotypest is
unclearwhether vocal stereotypes and accurate perceptions of sexual orientation are each
signaled by acoustic cues common to speakeasgofen groupTo address these issues we used
a novel voice morphing technique to create vaicerages from voices that represent extremes
of a given sexual orientation group either in terms of actual or perceived sexual orientation by
others. Importantly, averaging preserves only those acoustic cues shared by the original speakers.
144 listenergudged the sexual orientation of twelve nattgalinding stimuli, each representing
DQ DYHUDJH RI ILYH RULJLQDO XWWHUDQFHV +&igsdl WKH D°
sexual orientation: On apoint Kinseylike scale, we selected targetho rated themselves
strongly with a certain sexual orientation grolipe other half were based orost salient
ratings by others (i.e., on speedtated sexuabrientation stereotypes). Listeners judged sexual
orientation from the voice averages wittogéchance accuracy indicating that the perception of
actual and stereotypical sexual orientation, respectively, are based on acoustic cues shared by
speakers of the same group. Mean fundamental frequency and other typical acoustic parameters
showed systestic variation depending on speaker gender and sexual orientation. Effects of
sexualorientation were more pronounced for stereotypical voice averages than for those based
on V S H D N HidtW§s, \hHi€atling that sexualientation stereotypes even exagae those
differences present imost saliengroups of speakers. Implications of our findings for

stereotyping and discrimination are discussed.
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Introduction

How do comedians and actors impersonate gay male voices? Based orogeRtaion
stereotypes, one might minimize nasality, whereas another might use a gay lisp, and a third
might raise voice pitch. Similarly, while one listener might consider apitghed voice as a
distinguishing characteristic between straight and lesbian wcanetier listener may choose
pitch variability. When considering how sexual orientation is expressed in the voice, some
people are convinced that there are multiple different ways of coding sexual orientation in
voices. However, others think there is a commorre of acoustic correlates of sexual
orientation. The present research was designed to test the second assumption using an innovative
voice morphing technique.

Previous research on acoustic and perceptual cues to sexual orientation in voices reflects
the two implicit assumptions mentioned above: eithere are multiple different ways of coding
sexual orientation in voices or, alternatively, there is a common core of acoustic correlates of
sexual orientationin line with the first assumption that emplzes intragroup diversity,
speakers belonging to one sexual orientation group (e.g., straight men) use different acoustic
cues to code their sexual orientation (de4]). Studies following this approach assume, for
instance, that one man indicatesstimightness by using a low fundamental frequency while
another applies a restricted vowel space in a specific situational context. According to this
perspective, strictly speaking, on average there should be no acoustic differences between sexual
orientaton groups. In contrast, the second assumption considers speakers belonging to one
sexual orientation group as rather homogeneous and systematically different from other sexual
orientation groups with respect to specific acoustic parameter$5]). Studies following this

approach assume, for instance, that straight women use on average a higher fundamental
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frequency and a more expanded vowel space compared to lesbians and bisexual women.
According to this perspective, there should be a uniform seboftc parameters for each
sexual orientation group, leading to pronounced differences between sexual orientation groups.
Listeners should be able to perceive these acoustic differences according to previehasezice
studies showing that straight peoplere rated as straighteompared to lesbians/gay mi@n9].
To the best of our knowledge, no veisased perception study has investigated bisexual women
and men as a separate category.

To answer the question whether systematic acoustic differencesemesexual
orientation groups do exist, previous studies have routinely aggregated individual acoustic
parameters within groups and compared them between groups. However, findings are
contradictory (segl0] for a recent review). That approach cannot determine if typical voice
characteristics drive the perception of sexual orientation because different acoustic features could
have influenced the perception of different individuals. To overcome this shortzamthe
present researchie +*(10(;&)8.0,(0/+&!=(*!:()&27&.!06*!19&600(*!.+()&27&0,(&)!?(&(JI3*())/2.&@8&
177(*(.0&)3(IK(*)8sing \2/+(&2*3,/.:&LMMBP,/9(&=2/+(&?2*3,/.:&,1)&.20& @ ((.&6)(;&/.&

*()(1*+,82.&)(J6!92*/(.010/2.4&0,/)&32Q(*76980(+,./R6(&, 'REEBY28(;&02&)06:8&0, (&

100%10/=(.()) &L MOIBK/.+(&=2/+(822*3,/.:8*(R6/*()&!?39(&9/.:6/)0/+&(I3(*0/)(&!.;&/)&0(+,./+1998&
+,199(.:/.:4&22)0&*()(*+,(*)&,1=(&6) (;&)/239 (&EX9&)0/?69/48*10,(*&0,.&?2*(&+2?39(J&
)(.0(.+(&600(*1.+()4&!.;&,1=(&083/+1998&I=(*1:(;&=2/+()&27&.28?2*(&0,!. &0Q28&)3(IK (*)&10&!&0/?(0&
I(*(&Q&+*(10(;&,/:, IR619/08&=2/+(&)!?39()&!+*2))&)(=(*19&)3(IK (*)&B00(*/.:&1&Q,29(&)(.0(.+(0&
P(&0,(*(@8&(9/?/.10(&/.;1=B19&;/77(*(.+()&@ (0Q((.&)3('K(*)&27&0, (&)!?(&)(I619&2*/(.010/2.8&

*2638&1.:8+*(10(;&=2/+()&Q/0,&+, 1*1+0(*/)0/+)&083/+19827&!1&:/=(.&)(J6!9&2*/(.010/2.&:*2630&
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X2*3,/.:&*()690)&/.&2.(&.106*19/)0/+&)26.:/.:&=2/+(&Q,/+,&/)&+,1*1+0(*/C(;&@8&!99&!+26)0/+&
7(106*()&,10&1*(&083/+19&72*&!.;&+2272.8&028&?(? @ (*)&278&!1&)3(+/7/+&)(16198&2*/(.010/2.&:*26 30&
5?232*01.09848&0,/)&=2/+(&+!.&@(&3*()(.0(;&02&!.;&Y6;:(;&@8&9/)0(.(*)4&9(":/.:&02&18&22*(&:/*(+0&
)())?(.08&27&0,(&1+26)0/+&!.:&3(*+(306!98+2**(910()&27&)(J6!9&28(.010/2.08&
5&2*3,/.:&+!.+(9)&260&="*8/.:&/.0*:*263&+6()&02&)(J6!982*/(.010/2.489/)0(.(*)&),269:&.20&
/77(*(.098&Y6::(&0,(&)(I6!98&2*/(.010/2.827&:/77(*(.0&)(J6'982*/(.010/2.&:*263)O&Z90(*.10/=(984&/7&
)(3619&2*/(.010/2.&/.72*210/2.8Q (*(&)0/99&3(*+(/='@9(&/. &AL HBOARQ269:83*2=/:(&)0*2.:&
(=/:(.+(&0,1089/)0(.(*)&Q,2&Y6::(&)(J6!9&2*/(.010/2.&6)(&!&+2.)/)0(.0&) (0&27&!+26)0/+&+6()&083/+19
72*&)3(IK(*)&2781&:/=(.&)(J6'9&2*/(.010/2.0&[,))&)(0827&+6()&+269;&*(3*()(.0&=19/:&)/:.19)&02&)(I6!
2*/(.010/2.&!.:\2*8)3((+&)0(*(2083()&, (9: & @8&9/)0(.(*) O&Z++2*:/.:802&)2?(&27&0,(&29:()0&0,(2*/()&
of stereotypes, stereotypes contain a “kernel of truth” (see LM]NI&@60&(J!::(*!0(&;/77(*(.+()&
@(0Q((.&)2+/19&:*2AYRBRI*;/.:&)  3((+,8)0(*(2083(R(*(&N)&(=/;(.+(&72*&1&:(.;&
T7(5(+(_&)3((+,&)0(*(2083()&*(:1*:&:18&!.;8)0%1/:,082(.&1*(&22*(&3*2.26.+(;&0,.&
*(:1%:/.:&9()@/!.)&!.:&)0*!/:,0&Q27(.&LM &P (&0()0(;&:/77(*(.+() & @ (0Q((.&)2+/9&:*263)&. @ 8&
6)/.:&)/.:9(&=2/+()&27&)3(!K(*)&Q,2&/;(.0/7/(;&0,(/*&)(J6!9&2*/(.0!0/2.85;(.a/ O(O4BNQZ
)(36!9&2*/(.010/2."0&5.&!;;/0/2.4&Q(&0()0(;&)0(*(2083()&@8&) (9(+0/.:&*(+2%;/.:)&27&)3(IK(*)&Q,2&
Q((&3(*+(/=(;&!)&=(*8&083/+19&72*&2.(&)(J6!9&2*/(.010/2.&:*263&/.&3*(=/26)&)06:/()&a/O(04&)(JB!C
2*/(.0!0/2.&*10(;&@8&20,(*)"O&[,(*{@QQ2&20,(*&*(!)2.)&72*&6)/.:&0,()(&0Q2&;/77(*(.0&)(0)&27&
)3(IK(*)O&$/*)048=2/+()&0,10&Q(*(&3*(=/26)98&*10(;& @8&20,(*)&!)&=(*8&083/+19&Q(*(&1))6?(;&02&.
3%2.26.+(:&(77(+0)&2.&3(*+(/=(;&)(J6'9&2*/(.010/2.& TO(*&!=(*!:/.:0&[,))&/)&/?32*0!.0& @ (+!6)(&Q(&
(J3(+0(;&*10,(*&)?199&(77(+0)O&<(+2 (UELI (* BI0(;&)(J6'982*/(.010/2.&7188*(9882.&
177(*(.0&)(0)827&!+26)0/+8&+6()O&P(&!.198C(:8!+26)0/+19&3!*12(0(*)&+2?222.98&/.=()0/:10(;&/.&

)2+/23,2.(0/+&)06;/()&2.8)(J6!9&2*/(.010/2.&/.&2*; (*&02&:(0(*?/.(&QEHBRT77(*&@ (0Q((.&
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)(36198&2*/(.010/2.8:*263)0&[,()(&/.+96;(&?(!. & 7RBB TH&=2Q(9&)3!+(&(J3!.)/2.48=2Q(9&)31+(&
),/T04&).;:8&$M&!.:&$S&=196()&/.&)/.:9(&Z2UP)RUISEN.+(48Q(&Q/99& @ (&72+6)/.:82.&

1.02.10/2.19&7(106*()&!.:&=2Q(9&)31+(&+,1*1+0(*/)0&H&E:3*()(.08) 06 8O

1"#3%&H# #()$')*+,$

[.(&1/282780,(&3*()(.08)06;88Q1)&02&0()0&Q, (0,(*&0,(&)!?(&083/+19&=2/+(&+,1*I1+0(*/)0/+)&
*/=(&0,(&3(*+(30/2.827&)(J6!98&2*/(.010/2.827&;/77(*(.08)3('K(*) 0&5.82%;(*&028&/.+*(1)(&0,(&
372@!@/9/08&27&7/.;/.:8&+2222.&1+26)0/+&7(106*()4&/7&0, ()(&(J/) (RIQ&IODPEIIER: *

77 (*(.082/+(&I=(*1:()&6)/.:&).&/..2=10/=(&=2/+(&?2*3,/..&0(+,./R6(O&P (&+*(10(;&0Q(9=(&
106*190)26.;/.:&)0/269/4&(1+,8*(3*()(.0/.:&1.&!=(*1:(&27&7/=(&2*/:/.19&600(*1.+() O&I197&27&0, (&
averages were based on targets’ self310/.:)&27&)(J6!9&(.010/2.&al)&M&c&9I()@/!.\:184&U&c&
@/)(J6198Q2?(\?(.4&2*8]&C&)0*!/:,08Q22(\?(."O&[,(&20,(*&,197&Q(*(& @Y BL)R/(.G.
*10/.:)&@8&20, (*)&a/0(04&2 BIB((:&) (J6192*/(.010/2.&)0(*(2083()"O&E/)0(.(*)&Y6;:(;&)(I619&
2*/(.010/2.87*2?8&0,(&=2/+(&HO &

d!)(;&2.80,(&/;(1&0,10&;/77(*(.0&)3(IK(*)&6)(&!&+2.)/)0(.0&) (08&27&1+26)0/+&+6()&02&,)/:.19&
)(J619&2%/(.010/2.4&..;&0,10&9/)0(.(*)&+!.&6)(&0,10&) (0827 &+6()4&Q(&0()0(;&0,(&72992@/.:&,8320, ()(

MO%!8\9() @/!.&)3(IK (*)&!*(&Y6;:(;&!)&9())&)0*1/:, 080 EE®E) 3(1K(*)48Q, 2&!%(&/.8.06*.&
Y6;:(;&1)&9())&)0*!/:,0&0,!.&)0*!/:,0&)3(IK&)O

SOLO(&/77(*(.+()&!*(&726.;&@20,872*&7(?19(&!.;&?19(&)3(IK(*) &@608&?2*(&3*2.26 +(;&72*&
219(&)3(IK(*)&@ (+16)(8278&)0*2.:(*&)0(*(2083()&*(:1*;/.:&?19(&0,!.&7(?!9(&)(I69&

2%/(.0102.G&
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TO In line with the “kernel of truth” hypothesis of stereotyping, effects should be more
3*2.26.+(;&72*&)(J6!9&2*/(.010/2.8:*263)8&@!) (;&2.&*10/.:) &@8&20,(*)&a/O(4872*&)0(*(2083()"&
0,!.&72*&)(36'9&2*/(.010/2.&:*263)&@")(;& TRY(INO&

UO&.&9/.(&Q/0,&¥8h stereotypes, straight women’s voice average should show higher mean
fO than bisexual women’s voice average that in turn should be higher than lesbians’ voice

I=(*1:(&Q, (.&@")(;&2.8*10/..))&@8&20, (*)&a=/+(&=(*)!&72*&?19(&=2/+(&8=(*1:()"O

Method
Ethics statement

The experiment was conducted in accordance with the Declaration of Helsinki and was
approved by the Ethics Committee of the University of Jena, Faculty of Social and Behavioral

Sciences (approval number FSV 12/02).

Speakers

&&  5./0/19984&MMMEAVIEZRI&?!9(48% & SUOINEEEESOVVAE!: (&*).  (&RILR.S(1*)"&
)3(K(*)&Q*(&*(+2*:(;&6.:(*&)01.:1%:/C(:&+2.:/0/2.)&/.&!&) 26 *(10(;&*22 2BMbASUR$*22&&,
020!9&27&0Q(.08&:/77(*(.0&)(.0(.+()4&0, (&0'*:(0&)(.0(.+(&72*&0,/)&)06; SEBIRHOt+A(_&

+$-'(H##$012$/3@ GH U WD N NVW [;H508, WRO){.&&={880C. 2 @G &

)(O(+(&Q"&)32K(.&0,*((&0/?()&/.&!&.(60*19&Q!80&[,)&)(.0(.+(&QN&+,2)(.&@(+16)(&/0&+2.0!/.)&
(31239()&27&7(106*()&0,10&.,!=(&083/+1998&726.;&02&/ 27 & @B;/&.) (16!9&2*/(.010/2.4&
(0:048=2Q(98)31+(&:/?()/2.)&/.80,(&*).:(&2 TET*HA&+ERI(.&=2Q(9)e&)/@/9!.0&?(1)6*()&72*&

)&C\e&FH[&/.&/.10/19&T72*0/) &30 2 @ETEL)(.0(.+(&Q1)&!19)2&+2.)/:(*(:02&@(8)6/0' @9(&!)&&
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@"))&72*8+*(10/.:&1=(*)&27&)(=(*19&600(*!.+()_&/0&/)&)(:?(.01998&*(910/=(98&)/?39(&!.;&Q(&Q269;&
20&(J3(+0&?6+,&/ D(1=/;619&=1*/10/2.&/.&0,(&)(:?(.019&*(19/C!0/R.0

& &  799&)3(IK(*)&3*2=/;(;8/.72*210/2.8&2.&0,(/*&)(J619&2*/(.010/2. &R2&UR*/+$56* 75

+8" M4&(I+96)B&I()@/!.\:18e&UA& @/)(J6194&!.;&]4&(I+96)/=(98&)0*!/:,0 TR/ SR ZHE(&

)(3I*10/.: §(I6!9&2*/(.010/2.8&02Q!*;)&2(.&!.;&Q27(.0&[,(&9!00(*&/.+96;(;&3,8)/+!19&!00*1+0/2.4&
)(J619&71.01)/()48+221.0/+&(?20/2.)48&).;&)(I6!9&/.0(*1+0/2.&a72*&; (AS)EPEL, (&*10/.:&

77 (*(+(&@(0Q((.&/0(?)&@(92.1/.:802&)(I619&2*/(.010/2.802Q1*;)&?(.&1.;&Q2?(.&) (*=(;&!)&1&
<$9:".(;*$/," *1/(</2$9= &/0,&32)/0/=(&)+2*()&/.;/+10/.:8&)0*2.:(*&)(J619&2*/(.010/2.&02Q!*;&?(.&

1.:&.(:10/=(&)+2*()&!&)0*2.:(*&)(J6!9&2*/(.010/2.& 02812 2(.C&

Selection of speakers for the present study

[2&+*(10(8=2/+(&!=(*1:()48)/.:9(8=2/+(&*(+2*}/..) &Q(*(&) (O(+O(;&++2*;/.:&028&7 26*&+*/0(*/10&
$/4)048*(+2*:/.:)8&27&T1=(&)3(K(*)&Q(*(&) (O(+0(;8028+*(10(&2. (&=2/+ (& T(xH @Be2IB (RUKT &
Q2?(.&Q,2&Q(*(&*I0(;&@8&20,(*)&1)&@/)(I6!9"OLHEPIGHAD(;&)3(IK(*)&Q/0,&0,(&?2)0&
083/+19&)(J619&2*/(.010/2.8)+2*()&*(:1*;/.: &NOT.2)&2*&*10/.:) & @88&20, (*) &/.&2*;(*&028&?13/?/C(&
1+26)0/+&/.72+210/2.&/.;/+10/.:&)(I619&2*/(.010/2. E2AR(I0*(?(&*10/.:)&72+&I()@/!.\:!18&!.;&
)0*1/:,08)3(1K(¥)&!.;&/.0(*2(;/10(&*101.:)872*&@/)(I6!98)3('K(*)"O&L,/*;48;6(&028&;/77(*(.08.6 2@ (*)&
278)3(1K(*)&32))/@98&!I=1/9!@9(& 7 2*&(1+,&=2/+(&=(*!:(&a(0:04&7(Q&?(.&*10(;&0,(?)(9=()&))&@/)(J
@608&!&9208Q(*68)RAP/)(16!9&@8&20,(*)"4&Q(&3*(7(**(;8) (9(+0/2.&72*&=2/+(&!=(*1:()&Q, (*(&)?!99&
62@(*)&278&)3(IK(*)&a=)08&,/:,&.6?@(*)"&Q(*(&(J3(+0(;08$26*0,4&/.&2*;(*8&0281=2/;8*(;6.;.0&
)/:.19)&1.:802821/?/C(&+2.0*1)0)&@(0Q((.&=2/+()4&!1&:/=(.&=2/+(&Q!)&.20&) (I QBT R &?

2.(&=2/+(&=(*1:(®
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&& [Q2&)(0)&27&)3('K(*)&Q(*(&)(9(+0(;&72*&0,(&36*32)(&278&0,(&+6**(.0&)06:80&Z&7/*)0&)(0&2
speakers was selected based on the speakers’ selfD3!0/.:)&aMV&7(?!9(4&MV&?!19(e&VE&/.&(1+,&27&0,(&
*263)_&9()@/'.\:!84&@/)(16!94&2:BIB*()3(+0/=(9%,@.3*/?!*8&:/77(*(.0/10/2.&Q1)&:2.(&
1++2*:/.:&02&0,(&B/.) @/K(&)+19(&@ (+16)(&/0&3*2=/:()&!&+9(*OTEY | (020B/:. ?(.0&!)&

either exclusively lesbian/gay or straight, or very close to the scale’s center (i.e., bisexual). As a
)(+2.:1¥8&:/77(*(.0/' 0/2.4&Q(&6)(;&0, (&2 2* (&M ;&< (J6!9&H*/(.010/2.&5.;(JO&P, (.(=(*&
22%(8&0,1.&7/=(&)3('K(*)&,;&0,(&)!?(&B/.) @/K(&)+2*(4&0,2)(&Q(*(&+,2)(.&Q,2)(&<(J6!9&
H*/(.010/2.85.;(J&Q!)&?2)08083/+19&72*&!1&:/=(.&)(J6!9&2*/(.0!0/2.&:*26 30 & 3B 0&) B B4&.
*263)8278&)3(IK()&Q(*(&+*(10(;&0,10&:/77 (*(;&213/21998&*(:1*:/. B R)(J6!982*/(.010/2 D&

&&  Z&)(+2.;8)(0&27&Th&)3('K(*)&Q")&)(9(0&&.®)(J6!9&2%/(.010/2.&*!10(;&@8&20,(*)&aMV&
7(?19(4&MV&?19(e& 7/=(&/.&(1+,&27&0,(&:*263)_&9()@/!.\:!84&@/)(I6!94&2*&)0*!/:,04&*()3(+0/=(98"C
0,(&Q,29(&3229827&MMM&)A(KY)@B!.)4&:1882(.&aB/ A (&)+2* () BBW&)0*1/:,08Q27(.&
1.:&7(.&aB/.)( 8I/K(&)+2*() &+ &Q(*(&*1.:27988&+,2)(.&02&@ (&*10(;&)&(/0, (*&9() @/!.\:18&2*&
)O*I/:,08@!)(:82.8)(.0(.+(&*(+2*:.)) & @8&0Q28&/.: (3(.:(.0&)! 2B FL 02019827 & SMWE3!*0/+/3!.0)&
aMSM&Q27?(.4& V&P (:4&&&S " OMBAREEMbOVTA&!:(&*].: (&4MES(1*14&BQ2&;/77(*(.0&
)06;/()&AS BL;&!.86.36@9/),(;&X1)0(*&0,()AS N&D) (;&2.&0,()(&*10/.:)4&Q(&+2?360(;&?(1.&

*1 K)&).:&2(1.&* K&:ITT(*(.+()&@(0Q((.&0,(&0Q28&/.;(3(.;(.0&*10(*&)1239()0&<(9(+0/2.&72*&0, (&
“ratings by others” condition was primarily based on ?(!.&*1.K)O&P,(.(=(*&0Q2&)3('K(*)&
),2Q(;&0,(&)!?2(&2(1.&*!.K)4&0,2)(&Q/0,8)?'99(*&2(1.&*1. K&: /77 (*(.+ () &Q(*(&3*(7 (**(:&@(+!6)(&
raters’ perceptions regarding that speaker were more similar. In this&!84&!J/?1998&;/77 (*(.&
*263)&*(:1*:/.:&)3((+,8)0(*(2083 ()8 (*(&+*(10(;GEOPI0/.7)&!.;:&*10/.)) & @8&20, () &7 2*&(1+,&

=2/+(&!=(*1:(&*(&9N)0(;&/. & @9(&MO
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Tablel. Overview of sexual orientation ratings and fundamental frequency features, vowel space characteristics, arlidyvoice qua

measures for all voice averagg@n Hz).

& VB=2/+(&7(?19(&1=(*": (& VB-2/+(&?19(&!=(*: (&

& aN(:&2.8)(OD0L) & & d!)(;&zz-ga*(gg)&@f‘& & ance2.8)m0L) & & d!)(;&zz.gﬁ(ggz)&@s&

E& d& <& & E& d& <& & & d& <& & & d& <&

Co

Z(& STO8 STOM STOM & STO8 SVOB STO8 & SvVOd SUO® SVOB & SUO& SUO8 STOW

QB HH+(1>(+$9:". (1%$/," *1/&, & g 8 g & g g g8 g g &
B/.)(8 D/K(,

)+|9(!& MOI& Uold ]Oble & SO VOS uog & MO UOB ]ObRK & SOW SOV uo’g
<(J6!96
2*/(.0!0/2.8 D/ORX ObE UOY & [BOR SOIR ong & VOW M VOJ8 & TOK® SOK¥ DMOR
[;( '&
'0/.:)&2 7&)(J6!9&2*/(.0!0/2.&@8&&R0. & & & & & & & & & & & &
* —-
)0*::'/(_ S(é)_)(’g( O"B & o8 & ove Oo"8 Ok & ove (0]]¢3 oW & o1& owe O"g
X(.&*1.K )@‘ M]O\ & SWQ & TOW MVOE TMO¥® & MUOE MWE MO & TORE MTOR TSOH
X(1.&*1.K &
] . @ 10w & T4 & W MOS8 mve & WOB MTOB o148 & Obg o MmO\
JT7(5(+()
?2:12"@%/,".(>'SA:$/185(>%",:'$+& & & & & & & & & & & & &

7b&?(1.& Sb'¢€ Mk M8 & M]ve M]NM Sbhw& & MSE& MM MbW® & MME Mbg& Mb\¥
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7h&& MI& Mig ME& & Sk ME SM & Me MIg Mg & M8 Mig MR8

7b&SO\ . - . A . A
3(*+(.0/98 M'N M\& MWE & MTE MU M]& & & V& V& & Mbig T& M8
/b& JOV( STR SMEB ST & ShB SbhR STE8 & MUE MTE MS¥ & MTE MS¥ MT¥
3(*+(.0/9¢

B10%$.(+C8$(8-""8,$™+,*8¢ 8 & 8 8 & & 8 8 88 & 8 8

SM&?(1L.8 WX WM VAX & VWE Wb8 WS & VSl  VvV& vU¥ & VS\¥ VU¥ VbR
$S&?(1.& MUK MU MUSE & MTW MU MUb& & MThE MST8 MM]JE & MS'8 MSW MMN

f2Q(98&)3!+(4
N3(*)/2. &

Z@@*(=/'0/2.) BRc&I()@/".)4&%&C&:18&?(. 4&d&C&@/)(J619&Q2\?(.4&<&C&)0*!/:,0&Q2\?(.4&<H&C&)(J619&2%/(.010/2. 4&<H#&C&)B). TRIEH0/2.4&

TVE UME& T™E& & TV Ub\& TWR & T T, TWE & TUX T8 TS’

'230#&!..(;&7*2?&M&&exclusively leshian/gay” via 4 —&equally lesbian/gay and straight” to 7 —&exclusively straight”. 4#5*30$6&.#()3).6($.(+#B.:(;&7*2?&D&
—&sexually oriented towards women only” via 0 —&sexually oriented towards women and men” to 7 —&sexually oriented towards men only”. 7#&2#.8#+$
N&3.9")(#" &:/+10()&?(1.&*(9!0/=(&.6?@ (*)&27&3(*+(30NR)R*!/:,0&/.&@20,&86(.))&*!.:/.:&7*2?&b&&judged as straight by 0%” to 1 —&judged as straight
by 100%”. :#3($&3(1" &!.:(;&7*2?&T&&voices were on average located at the lesbian/gay end of the perceived sexual orientation distribution” via 18.50 —&
“voices were on average located at the bisexual area of the perceived sexual orientation distribution” to 34 —&voices were on average located at the straight end
of the perceived sexual orientation distribution”. :#3($&3(1 &.;#&#(2#&92)(&02&b&/.;/A0&=2/+()&Q(*(&*!0(;&")&=(*8&)/?/9!*&2.&!=(*!:(&/.&@)R6,& P&
G20(&0,'108Q(&;/;&.20&;(3/+0&)0!.;1*:&;(=/10/2.) & TG (9 .;&*10/.:) & @8&20,(*)& @ (+!6)(&27&) ?199&)1 239 (B R FR2*& (1+,&=2/+(&!=("&("O
' &&ND&2*&+19+6910/.:&2(1.&K)&!.;&2(1.&* . K& /TT(*(.+()&*).:(;&7*2?&b&72*&Q2?(.&Q,2&*10(;&0,(?)(9=()&))&@/)(I6!9&02&U& 72*&2(.&Q,2&*10(;&

0,(?)(9=0)&")&:!184&@ (+16)(&.20&(=(*88&)3('K(*&Q,2&Q!)&)(I(+0(;&72*&=2/+(&I=(*1:/..& OHIOEIEMWIZ) (9(+0(;&72*&*10/..) & @8&20,(*)

11
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Stimuli

1*(31*10/2.0&$2*&(1+,&27&0,(&) (9(+0(;&Wb&)3(!K(*)4&Q(&+,2)(&0,(&600(*!.+(&a260&27&0,’
Y6;:(;&02&,!=(&!&)(:?(.0!9&?!KHB3&?2)0&!33*23*/10(&72*&?2*3,/.:0&P,(.(=(*&)/:.19&R6!9/08&
Q!)&+2?231@9(&!+*2))&0, (&0 (B(R/0/2.)&278&0,(&)(.0(.+(4&Q(&)(9(+0(;&0,(&2.(&0,!0&Q"&
+2.0!/.(;&/.&0,(&30'0/.;)&d &&T]"@e&hereas this could be considered a methodological
shortcoming, we argue that straightness should be invariant for the same speaker of the same
utterance in theame situation. Moreover, voice averaging would eliminate such subtle intra
group differences/b&?)&27&)/9(.+(&QN&/.)(*0(;&@(72*(&!.;&!70(*&(!+,&600(*!.+(O&Z*0(7!+0)4&) 6+
&+9/+K)4&Q(*(&?!.6!998&;(9(0(;&@ (72*(&?2*3,/.:0&Z;;/0/2.19984&) (9(+ O BN*E*2 1D
2(I. DR6!*(&.2*?19/C(;&!0&]b&;d&<1E&6)/.: & 1FTOMED

f2/+(&=(*1:/.:0 B/=(B2/+(&!=(*1:)&Q(*(&+*(10(;&72*&(=(*8&+2.;/0/2.8a)(16'9&2*/(.0'0/2.&
*263_&9()@/!.\:18&=)0&@/)(J6!98=)O&IBK O &:(.;(*_&7(?19(&=)0&?'2€80/..&@!)/)_&)B.
=)O&20[10/.:)" O&F2/+(&!=(*1:/.:&Q!)&3(*72*?(;&6)/.:&0,(&.2=(IM!8&?2*3,/.:&!33*2!+,&27&
0,(&)3((+,&!.198)/)4&22;/7/+10/2.&!.:&*()8.0,())&7*12(Q2*K&[ZGHAX[ Z5%I[& LMM®,/+,&
+*(100)&!&)/.:9(&!=(*!:(&=2/+(&@") (;&2.&0,(&/.;(3(.;(.0&*(3*()(.0!0/2Y&) 26* B ;& 7/90(*&
1.72*210/2.827&:2/+()O&F2/+(&!=(*1:/..&*(R6/*()&!&?).6!9&.!..2010/2.& 27 §B/ F7*(R6(.+8D
L+,2%)&27&+2**()32.;/.:&K (B (106*()&/.&0,(&)3(+0*2:*1?)&27&0,(&2*/:/.19&600(*!.+()&a(0:04&2.)(0)&
1,&277)(0)&27&3,2.(?()4&=2Q(9&0*!.)/M0R$H2*&0,(&3*()(.0&) (.0R2(3,)&!&020!9&27 & T|RO/?(
.+,2%)&QN)&*(R6/*(:&3(*&=2/+(&)!?39(e&7*(R6(.+8&!.+,2*)&Q (*(&39!+(;&!10&+(.0(*&7*(R6(.+/()&27&

72*71.0)&a$EUALQ, (*(&:(0(+0! @9 (" &10&(+[B0/2(&92+10/2.@&

12



Kachel et al.

Listeners

H=(*1994&ST]&3!*0/+/3!.0)&X22KIE&0,(&2.9/.(&9/)0(./.:&(I3(*/?(.0&!.;&MVV&+2?39(0(;&
/0&0!&7*2?&MDb&9/)0(.(*)&Q(*(&(I+96;(;& @ (+!6)(&0,(8& QO(E&(&L%0(*?!.&) 3('K(*)4&*(32*0(;&
,(*/.:&/?3!/*?(.0) , or had participated in previous studies on the judgement of sexual
orientation baed on voices. Moreover, we excluded data from one person whose gender was
described as neither male nor female because we wanted to test for possible effects of listener
gender.

Accordingly, data of 144 listeners (110 female, 34 mlalgs = 23.13,SD+«s = 3.67, age
range 18+43 years) were analyze&(J3(*/?(.0&QN&!..26.+(;&=/'&!&)06;(.0)2.98&7?!/9/.:&
9/)0&!0&0,(&-./=(*)/08&27&BPZ¥@8{aD as investigating the prejudice that people’s sexual

2*/(.010/2.8+269:&@ (&*(+2:./C(;:&@")(;&2.80, (/*&&2/+()O&

Design and procedure

Z&020!9827&0Q(9=(&=2/+(&'=(*1:)&Q(*(&'=!/9!@9(&!)&)0/?69/_&0,*((&)(J6'9&2*/(.010/2.&:*
a9()@/!.\:!88&=)0&@/)(J6!9&=)0&)0*!/:,0"4&0Q28&)3(IK(*&:(.;(*)&a7(?!9(&=)0&?!9("4&!.:&0Q28083(
*10/.:)&a)(9B!0(;&=)0&*!10(;& @8& 2L PY@EB2*0/.:&)2+/2;(?2:*13,/+&!.;&20, (*&*(9(=!.0&
+,1514+0(*/)0/+)4&9/)0(.(*) &, (*:&1&)/.:9(&0()0&=2/+(&a0,!08Q!)&.20&3!*0827&!.8&=2/+(&=(*:("&!.;:&
Q(*(&/.)0*6+0(;802&)(9(+0&!1&+2272*0!@9(&)26.:89(=(90&#6*/.:&0,(&(I3(*/?(.04&0,(&9/)0(.() &Q(*
NDK(;&02&Y6;: (B &=2/+(&!=(*":(&2.&!&32/.0&)+19(&*!.:/.:&7*22& ' very lesbian”/“very gay”
via 4 “bisexual” to 7 “very straight” by mouseB-9/+KO&E/)0(.(*)&Q(*(&029;&0,10&0,(&)0/?69/&
/)3918(;&0,(&Q,29(&*!.:(&278&=(*8&9()@/!.\:!8&02&=(*8&)0*/:,0&)26..;/.:&=2/+() CBK W&
=2/+(&!=(*1:0&Q(*(&3*()(.0(;&/.&)(3™10(&@92+K)4&02&!=2/:&)Q/0+/.:.&@ (O(BA(;&

)OL.:1%)&278&=2/+(&3(*+(30/2.0&E/)0(.(*) &Q(*(&*!.;2?98&)))/:.(;8&02&2.(&2780Q28&@92+K&2*; (*) &a/
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W&9NO(.(*)&,(1*;&7(?!19(&=2/+(&!=(*":()&7/*)04&0,8828, (}*; &?!19(&=2/+(&!=(*":()&7/*)0"O&
P/0,/.&(1+,&@92+K4&)0/?69/&Q(*(&*!.;2?98&3*()(.0(;&72*&(=(*8&9/)0(.(*O&X (1. &3 (*+(/=(;&)(J6!9&
2*/(.0'0/2.&Q"N&+2?7360(;&72*&(1+,&=2/+(&!=(*:(&Q/0,&,/:,(*&)wAtCing higher perceived

straightness.

Acoustic analyss

For each of the voice averages typical acoustical features were measuredastifigop
These included fO measures (me@D, 2.5" and 97.5 percentile indicating lower and upper fO

boundary) and mean formant frequencies k&) of three vowels (corresponding to the inner

section, i.e. 28t0 78" SHUFHQWLOH NDLQ BRVWID J2@o@leri FO was

tracked every 10ms fohé whole duration of each voice average. In total, for the voiced parts of

all voice averages, 1306 data points were available which is more than appropriate for a statistical
mean fO comparison between voice averages. F1 and F2 were tracked every egisadiuof a

vowel's duration centered around the vowel midpoint. From the F1 and F2 values, we computed
vowel space dispersion and vowel space shift. Vowel space dispersion is defined as the mean
Euclidian distance of the three vowels from theteeof he vowel triangle [31]vowel space

shift is indicated by mean F1 and F2 across the three vowels. Because for each voice average
only one data point for vowel space dispersion, mean F1 and F2, and approximately 5 data points
for F1 and F2 of every singlewels were available, statistical comparison between voice

averages is inappropriate. However, we provide descriptive findings for vowel space

characteristics.
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Results

Perception of sexual orientation

A 3x2x2x2x2 ANOVA was performed on perceivettaghtness, with three within
subject factors (speaker sexual orientation, speaker gender, and rating basis), and twe between
subject factors (listener gender and block order). This analysis did not reveal any main effects or
interactions involving listeer gender or block ordeal( p > .056).

The analysis revealed main effects of speaker sexual orienfaiyr£80) = 125.53p

pl = .47, and rating basis(1, 280) = 45.65p p! =.25. Main effects were

qualified by three firsbrderinteractions of speaker sexual orientatiorating basis?aS4&S"b"&c&
STOWCEE Obbii&c&Odpeatr sexual orientati@d3(IK(*&:(.;(*4&?aS4&S"b"&c& CHOBBMA&
Nph&c&ObWA&!.;&)3(IK (*&X&ang basis® aM4&S"b" &c&CRQMBIEE c& CROBE20, (*&(77(+0)_&
2aS4&S"b"8&g&SOhMELBRRODMOES2*&!1&;(01/9(;&!.198)/)&27&Q,/+,&=2/+(&!=(*1:()&:/ 77 (*&7*2?&
('+,&20,(*4&Q(&!339/(r&ple-effects tests with Bonferroni adjustment.

$/:&M!&),2Qj}he interaction of speaker sexual orientattarating basis. Straight voice
averages were perceived as straighter compared to bisexual voice averages that were, in turn,
perceived as straighter than lesbian/gay voice averages; that was true for ratings bly(@thers,
139) = 116.53p < .001,nph&HOWall pairwisepV D @aGngé,A(D 1.39) = 32.33p
<.001,nph&OT&ll pairwisepV -~ VXSSRUWLQJ +\SRWKHVLV $FFRL
differences between sexual orientation groups were more pronounced for voice averdjes bas
on ratings by others (i.e., sext@ientation stereotypes) than sedtings (i.e., actual differences
betweermost saliengroups), in line with Hypothesis 3. Moreov2r98&9()@/!.\:!18&=2/+(&
I=(L0& /77 (*(;&*(:1%;/.:&0,(&*10/.:& @!)/) &<(BTO(;&Y@/'.\:!8&=2/+(&!=(*:()&Q(*(&3(*+(/=(;&

1)&)0*!/:,0(*&0,!.&0,2)(&*10(;&@8&2F (1) 140) = 89.55p < .001,nh&c&OT bisexual and
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straight voice averages rating basis had no effect,F{dth140)< 2.41, bothp E?W K
ObS,/)&71.;/.:&31*0/1998&)6332*0)&26*&/./0/19&!))6730/2.&0,!0&(=(.&! 70(*&=2/+(&!=(*!:/.:4&(77(+0)!
27&3(*+(/=(;&)(J6!9&2*/(.0!0/2.&Q(*(&?2*(&3*2.26.+(;&Q, (.&)/.:9(&=2/+()&Q(*(&3*(=/26)98&*!0(;&
&=(*8&083/+!19&72*&2.(&)(J6!9&2*/(.0!0/2.&:*263& @ 8&20, QX&) TBO(.:)0&5.&20,(*&
Q2*)48&)3((+,&)0(*(2083()&27&)(36!9&2*/(.010/2.&(J"::(*10(&(J/)0/.:&*263&;/7T7&(.+() O&

Fig 1b shows the same pattern as Fig 1a but illustrates the interaction of speaker sexual
2*/(.0!0/2.&!.; speaker gender. Straight voice eages were perceived as straighter than bisexual
voice averages, which, in turn were perceived as straighter in contrast to lesbian/gay voice
averages; that was true for md2, 139) = 85.48p < .001,nph&DVAll pairwiseps < .001)
and female speakeiis(2, 139) = 44.61p < .001,nph&&OT (all pairwiseps < .001), in line with
Hypothesis 2. According to effect sizes, differences in perceived sexual orientation were more
pronounced for male than female sexual orientajronips. Hence, independent of rating basis
and speaker gender, straight voice averages were perceived as straighter than bisexual voice
averages, which, in turn, were perceived as straighter than lesbian/gay voice averages.
Furthermore, gay voice averagesre perceived as less straight compared to lesbian voice
averagesk-(1, 140) = 8.70p = .004,nph&c&ONW/@ender difference occurred for bisexual voice
averagesk(1, 140) =1.74p = .190,nph&c&ObM QG VWUDLJIJKW PHQTV YRLFH DYF
asVWUDLJKWHU FRPSDUHG WR VW(DI40)KW.123R-PU44ANIN&CcEGOIFH D Y
Hence, fully supporting Hypothesis 2, differences were more pronounced for male than female
speakers.

Fig 1c illustrates the interaction of speake(*&!.; rating basis. Voicaverages based
on selfratings were perceived as straighter compared to voice averages based on ratings by
others; this was true for femakg(1, 140) = 40.09p < .001,nph&c&O&8#male voice averages

F(1, 140) = 11.53p = .001,nph&c&ObME@60&;/77 (*(.+()&Q(*(&)9/:,098&22*(&3%2.26.+(;&72*&7(?'9
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0,1.&?19(&=2/+(&!=(*":()&!++2%;/.:&02&(77(+0&)/C()O&P/0,/.&7(?'9(&ER/1OAR= 2.75p
=.100,nph&c&0ObS4&!.;&?19(&)3(IK(¥)440) = 3.54p = .062,nph&c&ObT4&=2/+(&!=(*1:()&@!)(
2.&)(9B!0/.:)&=)0&*10/.:)&@8&20,(*)&;/;&.20&;/77(*&)/:./ B+1.0980

Summing up, sexual orientation information was still perceived after voice averaging of
maximally differentgroups: Straight voice averages were perceived as straighter compared to
bisexual voice averages that were still perceived as straighter compared to lesbian/gay voice
averages. The order was unaffected by rating basis and speaker gender. However, the differences
in perceived sexual orientation between sexual orientation groupsneeegoronounced in
ratings by others (vs. salatings) and in male speakers (vs. female speakers). Mlgs salient
members of one sexual orientation group seem to share a consistent set of acoustic cues that
listeners use to judge their sexual orientatbut speech stereotypes exaggerate existing group

differences.

Acoustic correlates of sexual orientation

&  11=/.&;(?2.)0%10(;&0,10&!8+2.)/)0(.0&)(0&27&!+26)0/+&+6()&;*/=()&0,(&3(*+(30/2.&27&
extreme groups’ sexual orientation, we asked which acoustic ¢,"*!+0(*/)0/+)&;/77(*&@ (0Q((.&)(J6'9&
2*/(.010/2.&:*263)&!.:&?18&0,6)&9(";:&02&:/77(*(.+()&/.&3(*+(/=(:8)0*!/: ZA26)0/+&=196()&72*&
76.:12(.019&7*(R6(.+8&7(106*()&a?(1.&7bARBISSETB(*+(.0/9(4& 1OB(*+(.0/9("&).;&=2Q(9&
)314+(&+,1*1+0(*/)0/+)&a?(!. &SMA&?(1.&$S4&=2Q(9&)3!+(&(J3!.)/2."& 7 2*&(=(*8&=2/+(&'=(*:(&+.&@
)(.&/.&[!@9I(&MO&H.&!&;()+*/30/=(&9(=(94&S SE26 LI R(MBE(RI 77 (*(;&!++2*:/.:&02&
)3((+,8)0(*(2083()&Q, (.&+2?3!%/)2.)&Q (*(&@&R2.&=2/+(&!=(*!:()&27&)0*!/:,0&!.:&9() @' \:!8&
)3(IK(*)&a(I+96:/..&@/)(I6!98&=2/+(&!=(*1:()"O&], (&.6? @ (*&27&)OROBI(0&:/77(*(.+ ()&

were twice as high for women’s voice averages based on ratings by others (/ &£&]"&+2?3"*(;&02&
=2/+(&1=(*:)&@")(;&.&)(9D'0/.:)&d &&T"4&Q, (*()&*10/.:&@")/)&:/;&.20&!77(+0&.6 7@ (*&27&
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differences for men’s voice averages (/(C&W&72*&\@7)&!.;&*10/.:)&@8&20,(*)"0&G20(&0,!0&
)0!0/)0/19&0()0)&Q(*(&3(*72*?(;&2.9BY&FH4&!)&0,/)&Q!)&0,(&2.98&3!*1?(0(*& BT B¥E). 0&
67@(*&27&;101&32/.0)&72*&*2@6)0&!.!198)/)&a/O(08&2.(&;!0!&32/.0&3(*&Mb&?)&27&)3((+,"

A 3 x 2 x 2 betweersubjects ANOVA yielded main effects of speaker sexual orientation,
F(2, 1294) = 58.26) p! =.08,speaker gendeF(1, 1294) = 915.80,p ol = .88,
and rating basig;(1, 1294) = 122.79 pl =.08. Main effects were qualified by
interactions of speaker sexual orientatkarating basisF(2, 1294) = 64.91p < .001, p! = .09,
speaker gendet speaker sexuarientation F(2, 1294) = 97.66p < .001, ! =.13, and speaker
genderx rating basisF(1, 1294) = 56.8% < .001, ! = .04, which, in turn, were qualified by a
higherorder interaction o$peaker sexual orientatiarspeaker gendexrating basisF(2, 1294)
=41.13,p<.001, ! =.06 (see Fi@). For a detailed analysis regarding which voice averages
differed from each other, we applieidhple-effects tests with Bonferroni adjustment.

Mean fO values for all pairwise comparisons between \aieeages differed
significanty4& e S 041,n%=.01 (all pairwisepV ” HIFHSW IRU WK
comparisons between voice averages of bisexual males rated by otheetededtraight males,
and straight males rated by othd¥§2, 1294)< 1 (all pairwisepV e +HQFHatiniRU VHO
averages)0*!/;,0&?2(.&Q(*(8&92Q(*&/.&?(!.&7b&0,!.&@/)(16'9&2(.&Q,248&/.&06*.4&,!;892Q(*&?(.&7b
=196()&+273!*(:&028&:18& WR&+2.0*1)04& 72*&!=(*!: ) &@') (;&2.&*10/.:) &@8&20,(*)4&@20,&) 0*!/:,0&
1;:&@/)(36!9&7?(.&Q(*(&+273"1 @9(&/.&?(1.& Th&@60&Q(*(&92Q (*&0,0&!18&&({ (?!9(&
=2/+(&!=(*1:()4&0,(&?(".&7b&3100(*.&Q")&!)&72992Q)0&f2/+(&!=(*1:()&27&@/)(36!9&Q2?(.&),2Q(;&
92Q()0&2(!.&7b&+2?23!*(;&0289()@/!.&!.;&)0*/:,0&=2/+(&=(*1: ) 4& @20 , &N BLOKK KOD/ .. &
@8820,(*)&+2.:/0/2.0&5.&0, (&+!) (BEVEWEE2/+(&!=(*":()&27&@/)(J6!98Q27(.&),2Q(;&=196 ()&
?22*(&)1?/91*&02&=2/+(&!=(*":()&27&)0*!/:,0&Q2?(.&Q/0,&=2/+(&'=(*":()&27&9() @/".)&,'=/.:&0,(&

/:,00&2(1.&7bO&I2Q(=(*48&/.&0,(&+!)(&27&*10/.\B(B)8&22/+(&!=(*:()&27&@/)(J6!9&Q27(.&
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),2Q(;&=196()&?2*(&)/?/9'*&02&=2/+(&!=(*":()&27&9()@/!.)4&Q/0,&=2/+(&!=(*":()&27&)0*/:,08&Q27(.
1=1.:&0,(&,/:,()0&?(1.&7bO&I(.+(4&?(1.&7b&3100(*.)&!++2*;/.:&02&*10/.:)&@8&20,(*) &Q(*(&/.&9/.(&
Q/0,8)3((+,&)0(*(20838)8*!/:,0&Q2?(.&;/)39!8/.:&,/:,(*&=2/+(&3/0+,()&0,!.&9() @/!.)"&Q, (*(1)&
0,(&?(1.&7b&3100(*.&!++2*:/.:&02&)(97)&+2.0*1;/+0)&0, ()(&)0(*(2083()O&[,/)&+2.+96)/2.&Q")&
19)2&)6332*0(;&Q,(.&922K/.:&10&0,(&;/77(*(.+()&/.&2(1.&Th&!++2*;/ RIILNSFOR/.)) & @ 8&

others. The largest difference in rating basis appeared in lesbians’ voice averages (2&&SOb™"&

followed by bisexual women’s voice averages (2&&MOUTe&!992%URObY" &X(!.&7b&72*&0,(&=2/+(&
I=(*1:(&72*&)(IM0(;&9() @/".)&QN&+O&TV&IC&Y1.&72*&0,2)(&Q,2&Q(*(&*10(;&N &9 () @/!.& @ 8&
20,(*)@y implication, it is unclear on which basis the sexual orientation otz lesbians

was accurately determined.

Discussion

I((&Q(&6)(;&!+26)0/+&722*3,/.:8&02&(9/?/.10(&/MMD{=/;6!9&1+26)0/+&/TT.+() &
@(0Q((.&=2/+()&27&)3(IK(*)4&(/0,(*&Q,2&/;(.0/7/(;&0,(?)(9=()&)0*2.:988&Q/0,&!&+(*0!/.&)(J619&
2%/(.010/2.4&2*8Q,289/) 00 (HR.: 98B (*+(/=(;&27&1)&, 1=/.:&1&+(*0!/.&)(J6!9&2*/(.010/2.0&H=(*1994&
=2/+(&=(*1:()&27&)0*1/:,08)3(IK(*)&Q(*(&3(*+(/=(;&1)&)0*/:,0(*&0,!.&@/)(J6!9&) 3(IK (*)&Q,24&/.&
06*.4&Q(*(&3(*+(/=(;&!)&)0*!/:,0(*&+2?23!*(;&02&9() @/!.\:!8&) 3(IK (*)4&/**()3(+0/=(&27&)3(IK (*&
(0 (*&1.:80,(0,(*8)3('K(*&)(J6!9&2*/(.010/2.& Q") &NDT: &2*&,: & @ ((.&*10(:&@8&20,(*)&a/O(04&
QN&@")(:&2.8)3((+,8)0(*(2083()"O&[,6)4&)(I6!9&2*/(.010/2.8/.72*?10/2.8+!.&)0/99& @ (&3 (*+(I=(;:&/.
=2/+(&1=(*1:0&;(*/=(:&7*2?&)3('K(*)&Q,2&*(3*()(.0(;&0,(&?2) 0&FIEZ*&0,(&?2)0&)!9/(.0&
(I'?39()&27&!&:/=(.&)(J6!9&2*/(.0!0/R,0&)& differences in perceived sexual orientation were
more pronounced for male than female sexual orientation groups, the effect was clearly present
for female voices, t0q,))&7/.;/.:&!992Q)&0Q2&/.0(*3*(0!0/2.) _&$/*)04&NRE&YE;:(;&)(J6!9&
2*/(.010/2.86)(;&&+2.)/)0(.0&)(0&278&1+26)0/+&+6()&082)ORRIP:B3 (K (*)&278!1&:/=(.&
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)(J6!982*/(.010/2.4&. ;&) (+2.;8&*(&!*(&)8)0(?10/+&!1+26)0/+&;/77(*(@(BQ((-&(J0*(?(&)(I6!9&
2%/(.010/2.8:*263)@

d(+16)(&Q(&!))62(;&3(*+(/=(;&)(I6!9&2*/(.010/2.&;/ 77 (*(.+() &@(0Q((.&=2/+(&!=(*!:()&02&
@(&*10,(*&)?1994&/7&3*()(.0&!0&!994&Q(&0*/(;&02&?13/2/C(&)(J6!982*/(.010/2.8/.72+210/2.&!.;&02
210/21998&;/77(*(.0&=2/+(&!=(*:() &@8&)(9(+0/. @YK (*)&72*&=2/+(&!=(*1:/.:8&Q,2&),2Q(;&
(JO*(2(&)+2*()&2.8) (BTO(;&..;&20,(*B10(;&)(6!9&2*/(.010/2.0&[,6)4&0, (*(&Q!)&!&)8)0(?10/+&
)(9(+0/2.8278=2/+()&+,2)(.&T2*&I=(*1:.:&*(:1*;/.:&1&+(*01/.&)(J619&2*/(.010/2.8:*2630&2)&. 20, (*&
32))/@9(&9/2/010/28.283*()(.08)06;84&)3(IK(*)&Q(*(8.20&@9/.;&028&0,(&36*32)(&27&0,(&)06;80&
+1.&0,(*(72*(8.20&*69(8260&)27?(&; (:*((&BIBNOMR.&! 2.:80,(&)3(IK(*) O&<3(+/7/+18884
[ +4(1)(;8.6?@(*&2789() @/!.\18&)3(IK(*)&Q,2&7(90&+2?272*0 @9(&Q/0,&0, (/*&NUBIRUBE(.0
1=(&+2.0*/@60(;&028&7?2*(&)0(*(2083/+19&8)3(!K/.:&3!00(*.)&2=(*1990&G20(&,2Q(=(*4&0,10&0,(&/))
*(3%()(.010/=(.())&Q269;&.208@ (&*()29=(;&(=(.&/7&Q(&,;&/.+96; (;&!998)3('K (*)&7*22&0, (&/./0/19&
)1239(&028&+*(10(&0, (&=2/+(&!=(*1:() O&F*(10/.:&*@HF(&)!1?39()&27&)3(IK(*)&Q/0,&*()3(+0&02&
)(J61982*/(.010/2.8/)&).&6.%(19/)0/+&6.;(*OIKLTET URE&5?32+01.09848&26*&7/.;/.:)&;2&.208&/7398&
0,10&0,(&)(J619&2*/(.010/2.8278&9())&(J0*(?(&:*263)4&.2*&27&/.;/=/;619)4&+! & @ (&Y 6;:(;&!++6*10(9
5.)0(1;4&0,(8&;(2.)0*10(&0,1081/?19988&;/77 (*(.@*263)&278&)3(IK (*)4&.!.;&()3(+/1998&:*26 3)&
)0(*(2083(;&!)22)0&,)!9/(.8D!)(;&2.8=2/+(&)!1?39()4&6)(&)2?(&+2772.&!+26)0/+&7(106*()O&HE*&
)06;88&),269;&@(&0!K(.&1)&!&)0!*0/.:832/.0872*87606*(&*()(1*+,&0,!08+269; QB)D@LO, (*&9()
)(J61982*/(.010/2.&/.72%210/2.&/)&)0/99&3*() (*=(;&I 70 (*&=2/+(&!=(*1:/.:4&0,108/)4&Q, (.&*1 ;27988
)(9(+0/.:9()@/!.)&!.;&:1882(.&

%*2638)0(*(2083()&,!=(8&@ ((.&*(:1*;(;&!)&(J"::(*10/2.)&27&(3/)0/.:&;/ 77 (*(.+()&@(0Q((.&
)2+/19&:*263)&a(0:04QRN)(&R2)08&/?32+0!.0&/.0(*1+0/2.80,10&Q(&726.;&Q!)&@(0Q((-&)3(IK(*&
)(J61982*/(.010/2.8&.;&*10/.:&@")/)O&[,/)&/.0(*1+0/2.8)6::()0)&0,10&3(239(&,29;&)0(*(2083()&27&

9)@/.&!.:&:188)3((+,&?2*(&0,!.&27&@/)(J6!9&2*&)0*!/:,0&)3((+, &P, (THE))SZ.;&20,(*D
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#10L1)&+2.=(%:(;&2.8=(*8&)[2I&T1.;].-)&*(:1*;/.:&@/)(I6!9&2*&)0*!/:,08&0!*:(0)4&9() @/!.\:!8&
=2/+(&I=(*1:0&@")(;&2.820M10/..)&Q(*(&3(*+(/=(;&!)&?6+,&?2*(&9 () @/!.\:!8&0,!.80,2) (& @')(;&
2.8)(9B10/.:))0&5.820,(*8&Q2*;)480, (&=2/+(&!=(*1:(8&72*?(;&@ SYRUKE R 28 22) 0&+9(1*98&
)OO, (.0/7/(;&1)&I() @11 \18&Q!)&Y6;:(;&1)&*10,(*&)0*1/:,04&Q, (*(1) &0, (&=2/+(&!=(*!:(&0,!0&
+2.))0(;&278&0,(&7/=(&)3('K(*)&Q,2&)26.;(;&22)0&9()@/!.\:!8&QN&/.;((;& Y 6;:(;&!)&?2)0&
9)@/!.\:180&I(.+(4&0,/)&71.;/.:8+2.7/+?)&26*&!)IBP2.&0,10&3(*+(/=(;&) (I6!9&2*/(.010/2.&
STT((+08Q(*(&?2%(83*2.26.+(;&/.&=2/+(&I=(*1:)&27&)3('K (*)&Q,2) (&) (J619&2*/(.010/2.8&., ;&
@ ((-&3*(=/26)988&*I0(;& @8&20,(*)4&+2.7/+2/.:&72*&)3((+,&)0(*(2083()&*(:1*;/.:&)(16!9&2*/(.010/2.&
according to Allport’s LM/9;&!))6230/2.80,10&)0(*(2083()&!*(&(J!::(*10/28)0&
$/.1/.1)&2.&2(1.&7H&!)&I&+*6+/19&!.;83*2@! @98&?2)08&/. 796(.0/19&!+26)0/+&2*K (€27 &:(.;(*
1.:&)(J619&2*/(.010/2.8278&=2/+(&I=(*:()&),2Q(;&0,!0&*10/.:) & @88&20, (*)&!*(&/.&9/.(&Q/0,&0,(&/;(1&2
)O(*(20830/=(.&3(*+(30/2.)&I0&9(1)0&72*&7(?19(&)3(IK(*)_&P2?(.&Q,2&Q(*(&*10(;&) &I @/!.&2*&
@/)(3619&),2Q(;8&92Q(*&2(1.&7b&=196()&0,!.&0,2)(&Q,2&Q(*(&*10(;&!1)&)0*!/:,00&5.832.0+1)04&,) (97
*10(;&9() @/1.)&3*2;6+(;&./:,()0&2(1.&7b&=196()&+2?3!1*(;&0PRNZ@/)(J6!9&!80*!/:,0&
Q22(.0&[/)&?(1.&7HBI00(*.&+,199(.:()&!&+2*(&I33*21+,&/.&*()(I*+,&2.&!+26)0/+&+6()&27&)(J6!9&
2+/(.010/2.&a(0:0AEE()@/!.)&!.;:&@/)(I6!9&Q27(.&a!.;&9!0(*&:18&!.;:&@/)(J6!9&2(.&1)&Q(99"&
Q(*(896?3(;&02:(0,(*&@(+16)(&0,(8&),2Q(;&.2&;/77 (*(.-6382)(;988&/.&!+26)0/+&3!*12(0(*)"O&
d8&+2.0%1)04&26*8*()690)&)6332*0&0,(&/;(1&0,10& @/)(J6!9&Q2?2(.&Q(*(&!+26)0/+!1998&/77(*(.0&7
90 @11.)&!.;&)0*1/:,08Q22(.0&[,(&)!?(&/)&0*6(& 7 Y92 78&2(._&d/)(I6!9&2(.&Q(*(&.
@(0Q((.&:18&1.;&)0%1/:,082(.0&I2Q(*4&1++2%;/.:8&02&*10/.:)&@8&20,(*)4&@/)(J6!9&!.;8)0*!/:,0&
2(.&+269;8@(896?3(;&02:(0,(*O&[,6)4&Q(&*(+2?22(.;&0*(10/.:&@/)(J6!9&3(239(&!)&!&:/)0/.+0&) (6!
2%/(.010/2.8:*263481)&Q(&;/;872*SBRIK(&3(*+(30/2.&72*&0, (&7/*)0&0/ 2 (S BARTRE!+(
3(*+(30/2.27&@/)(J6!9&3(239(4N@Vhereas differences in perceived sexual orientation

were more pronounced for male than female speakers, differences in mean fO were more
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pronounced for female speakers than male speakers. Hence, acoustic parameters ateanthan
fO likely affect differences in perceived sexual orientation groups for male speakers. Future
research should use singlarameter morphs to investigate this question.
Our findings second previous research indicating the use of stereotypical imdormat
ZKHQ MXGJLQJ RWKHU YV {[36]{ IMBrCassulirg Highvstersstyie@ inférrhkkion
of voice averages (i.6(9(+0/.:&)/.:9(&=2/+()&72*&!=(*":) &@!)(;&2.&)(J6!9&2*/(.0!0/2.&*10/.:)& @ 8&
20,(*)"4&;/77(*(-+()&@(0Q((.&)(J6!9&2*/(.0!0/2.&:*263)&Q(*(&?2*(&3*2.26.+(;&0,!.&Q,(.&!))6*/.:&
lower stereotypical information (i.e., selection based on speakers’ selfD!0/.:)"O&loreover,
differing mean fO patterns provided further evidence: Mean fO of voice averages with sexual
orientation rated by others showed an overall stereotypical pattern whereas voice averages with
selfrated sexual orientation did not.
1*(=/26)&)06:/()&!389:&=2/+(&?2*3,/.:&0(+,./R6()&6)(;&)/?39(&)0/769/4&)6+,&!)&>2Q(9
+2.)2.1.0 B-2Q(9&)899!@9()0&5.&0,(&3*()(.0&)06;848&?2*(&+2?39(J&)(.0(.+(&)0/?69/&Q(*(&22*3,(;
72*&0,(&7/)0&0/?(0&[,6)48&26*&71.;/.:))&*(79(+08&!+26)0/+&!.;&3(*+(306!9&+2**(910()&27&)(J6!9&
2*/(.010/2.&@")(;&2.&)0/?69/&Q/0,&/.+*(1) (;&(+292:/+19&=19/;/080&I(.+(4&Q(&*(+2??(.;&0, (&6)(&27
)(.0(.+(&)0/?69/&/.&7606*(&=2/+(&?2*3,/.:&)08;/()O
&0&,)&028@(&?(.0/2.(;&0,10&0,(&3*()(.0&)06;8&Q!)&+!**/(;&260&/.&!&3!*0/+691*&+6906*(4
1.;:89!.:6!:(4&!.;&=296.01*8&3!*0/+/3!.0)&3*2=/;(;&0,(&)3((+,&)!?39()&0,!0&Q(&6) ;&) &0, (&@!)/)&27§&
26*8&=2/+(&!=(*1:()O&X!..(*)&27&)3(IK/.:&?18&=1*8&Q/0,&0,(&9!.:6!:(&6)(;4&Q/0,&*29(&?2;(9)4&!.;&
with the sample investigated. Thus, the generalizability of our study’s findings nee;)&02&@(&0()0(;&

@8&7606*(&*()(1*+,&0,10&?!88*(98&2.80,(8&0(+,.292:/+19&!:=1.+()&0,'108&Q(&6)(;& 72*&0,(&7/*)0&0/
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Conclusion

[,(&3*()(.0&)06;8&)(0&260&02&!.)Q(*&0,(&R6()0/2.&Q, (0,(*&8dMi&ad! core of vocal
expressions of sexual orientationnmaximaly different groups, or whether different individuals
use different means to express their sexual orientation. To the best of our knowledge, this study
was the first to use voice averages of complex stimuli (i.e., sermgth utterances) to test
this.We found an effect of sexual orientation across conditions, in line with the idea that the
selected groups ahost salienspeakers used similar ways of expressing sexual orientation. Our
findings do not allow conclusions regarding single speakers oexéssne groups (e.g., with
sexual orientation ratings of 2 or 6 on-gadint scale). Additionally, the observed effect of sexual
RULHQWDWLRQ zZDV ODUJHU ZKHQ YRLFH DYHUDJHaiUngs8HUH EL
demonstrating that steregigs of gay or lesbian manners of speaking are exaggerations of the

differences that truly exist between speakers.
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Abstract

Although sexual orientation is perceptually ambiguous, people are able to detect sexual
orientation of others with abov@hance accuracy. In the present paper, we present the expression
and perception of sexual orientation model (EPSOM) that proposediegtt route between
actual and perceived sexual orientation including three mediating components. People who differ
in sexual orientation often differ pyychological characteristics (€.g., actual gendeole
conformity) which influence differeninplicit signals (e.g., genderelated signals in voices and
faces). Perceivers decode these signals and arriwgratsions related to sexual orientation
(e.g., perceived gendeole conformity) and thus judge sexual orientaiometimespaccurately.
Predidions are derived from EPSOM and tested using spleaséd evidence that provides many
objective parameters for signal analysis (e.g., voice pitctigxperiment 1, 101 raters judged the
sexual orientation of 72 male and female targédfering in sexuhorientationsrom voices,
faces, and their combination. Both targets’ psychological characteristics and acoustic parameters
of their vocalsignals were obtained. In Experiment 2, 38 raters additionally rated the geleder
conformity of voice and faces. Findinggaiggest that the relationship of actual and perceived
sexual orientation was mediated by the three components both separatalg@méination.
Most importantly, we found supporting evidence for EPSOM’s overall indirect route for female

targets. We discuss how future research could test additional predictions of the model.

M75<"/7=&1"(8315()1E"LIN"D75<3
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Imagine you received call from an unknown number and took it. You would
automatically use and integrate all information available in order to classify the person on the
other end of the telephone line. Similarly, you do so when you look at facial photographs of
others in soial network media. Research on social perception has repeatedly shown that
gender, age, and regional origin were judged with a high degeewfacy. However,
detection rates of perceptually ambiguous social categories such as sexual orientation have
also been typically above chance, albeit far from perfect (for a review, see Tskhay & Rule,
2013a). Previous research mepeatedly established that actual sexual orientation is related to
perceived sexual orientation even given impoverished stimuli susihgle words £&37&G"
YH7&(+<G"H%P7%G","M*.1%G thi@@pped face SE+%G">@8(<6G"><(@3G","-()5(%G"
LQQTWhat is missing is a theoretical account specifying how, under which conditions, and
for/by whom sexual orientation is perceived correctly.

Theaim of the present research is to introduce a comprehensive model that details how
people express their actual sexual orientation and how observers decode sexual orientation
when perceiving it. This model predicts that targets who differ in their sexaatation also
differ in a range of psychological characteristics, that these characteristics are conveyed via
speeckrelated and facial signals, and that these signals are used for forming impressions
related to sexual orientation, which in turn leaddtedting sexual orientation. Hence, we
investigate raters’ accuracy of correctly identifying sexual orientation (Experiment 1) and
genderfrole conformity categorization (Experiment 2) of female and male targets who differ
in sexual orientation and othernygbological characteristics when presenting different cues as
proposed by the model: auditory cues (voices), visual cues (faces), andigudicues

(combining faces and voices).
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The Expression and Perception of Sexual Orientation Model (EPSOM)

Inspiredby a standard communication model (Shannon, 1948), we suggest that there is
both a direct and an indirect route by which sexual orientation can be expressed, transmitted,
and decoded. Both routes depend on the situation (e.qg., lesbians and gay mentpptsibl
hide their sexual orientation when they are confronted with a homonegative environment). We
call this model the Expression and Perception of Sexual Orientation Model (EPSOM, see
Figure 1). Different from prominent perception models (e.g., faceessing Model by
Bruce & Young, 1986; or Dynamic Interactive Theory of Person Construal by Freeman &
Ambady, 2011), EPSOM focuses specifically on sexual orientation. Moreover, EPSOM goes
beyond a detailed analysis of loar higherlevel perceptual mechams and thus helps us to
understand how actual and perceived sexual orientation are connected to each other.

On both routeproposed by EPSOM, signals function as mediatbyslicit signals of
actual sexual orientation established in a given culturabzoform the direct route. If
perceiversare awarehat a rainbow flag signals a café owner’s sexual orientation, the
amazons’ double-ax necklace is used to symbolize lesbianism, and a photo of a woman in a
wedding dress with a man in a tuxedo by her sigeals straightnesthey will correctly
identify the socially relevant symbols and by extensioratiteal sexual orientatioof the
person displaying the symbol will laecurately perceived. The only precondition is cultural
knowledge pertaining to tke signals that may differ between individuals (e.g., a red ribbon
may function as a signal for some, but not all perceivers). Sexual orientations beyond
lesbianism, gayness, and straightness are less rooted in cultures (e.g., missing bars for
bisexual anghansexual women and men). Hence, EPSOM deals with the sexual orientations
of lesbians, gay men, straight women and men (for previous research on bisexuals see Ding &

Rule, 2012).

Vl
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The more elaborated aspectt®SOM is the indirect route which consistdioé
components (i.e., actual sexual orientation, psychological target characteristics, implicit
signals, impressions related to sexual orientation, and perceived sexual orientation) that are
connected by paths (e.g., path between actual sexual oriaraatigpsychological target
characteristics). We argue thatthe absence of explicit signaiss not actual sexual
orientation that can be perceived by others. Instead, target’s actual sexual orientation is related
to a range of psychological characséids (e.g., actual gendasle conformity). These target
characteristics, in turn, can be transmittedryylicit signals (e.g., voices, faces). Picking up
on those signals, perceivers arrive at impressions of targets (e.g., perceiveergilender
conformty) and may conclude from those impressions what an individual’s sexual orientation
is. With the aid of the three mediating components, EPSOM is able to explain inaccuracies in
the perception of sexual orientation. For example, a lesbian whdesglfibess rather
feminine produces gender conforming speech patterns leading to a perception as feminine,
and hence may be assumed to be straight. By integrating perspeagitiargets and
perceiversEPSOM can account for divergent findings of previous stutiegdargely
disregard psychological characteristics of targets that we consider to be mediating
componentsi-or example, a gender n@onform straight and a gendeonform gay target
sample possibly explains why straight men were rated as more fentiamgdy men in one
study (Valentova & Havlicek, 2013).

Whereas evidence of manf/tbe single paths specified EPSOM exists in the
literature, the model as a whole contributes to the research question how ambiguous group
membership based on sexual ot&ion can (sometimes) be perceived. In the following three
sections, we describe the proposed indirect route of detecting sexual orientation by focusing

onthe three mediating compone®BSOM postulates and by reviewing thedence of their

w
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single paths

Implicit Signals of Actual and Perceived Sexual Orientation
EPSOM posits that different implicit signals can be used for expressing and perceiving
sexual orientation. What implicit signals and which of their characteristics have been shown
to transmit sexual orientation information? After some general informatidactal and
vocal signals (for research on body shape and moveme@74887&G"K.++G"S%.)*@(&G","
X(33.&(56G"LQRYMB(<6G"Y (++(*(&G","/7&&Y89G)) we ask which signal characteristics are

correlates of actual and perceived sexual orientation.

Comparison of Faces and Voices

People’s ability of correctly perceiving others’ sexual orientation by using implicit
signals (Shelp, 2002) is often called gaydar (Woolery, 2007). Gaydar studies have almost
consistently shown that actual sexual orientation camiveatly perceived. Sexual
orientation of lesbians, gay men, straight women, and straight men was perceived with above
chance accuracy based fapes (S=+%",">@8(<6G"LQQTG"S=+%"%15=+0BG'Q@B{L6G","
Y (++%1008I[Z"Y =J*%3","P5% @ @ %G "LQ!Z"S=8RMHENE..G">@8(<6G"S73%&G","Y (++%1 1(
LQNZS=4+%G"S73%&G"#+%A.(&G",' L@Ea&tova & Havlicek, 2013; #1%5&G"M%31G"
C731G","S=tQ@Z"X(8(]","(6(3G"LQ!GA]*(6G"B%5.7997G","SE®¥Z";.)]","C7*&37&G"
LQIV(Z"X3]*(6","S=+%G"LQBYIBG"5%&E&*,"S=+%Q!R andvoices (Kachel, Simpson, &
Steffens, 2017a; Gaudio, 1994; Linville, 1998; Smyth, Jacobs, & Rogers, 2003; Munson et
al., 2006;S.%J%5G";.&3%&@%.%5G"K6J(FG"K(5). @1 Zvt6ar, 2010; Valentova &
Havli¢ek, 2013; van Borsel & van de Putte, 20144=+A.9.7G"B(37+.G"-((33G"?(+(<.&7G"
_%3A.J&(&.G"1633%+G","P%B15:965@lYy 2; Renn, 2003). Only a small number of voice

based studies failed to replicate this finding (Sisson, 2003; Piccolo, 2008; Sulpizio et al.,

Rl
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2015: Study 1). Voicdased studies used a variety of stimuli ranging from small read groups
of words (Munson et al., 2006) to longer excerpts of spontaneous speech (Smyth et al., 2003;
Rieger et al., 2010). Few studies have investigated female targets (Munson et al., 2006;
Piccolo, 2008; Rieger et al., 2010). For fdmesed studies, male targets are also
overrepresented. Moreover, faoased studies almost entirely collected target pictures from
U.S. onlinedating platforms. Hence, quality differences of lesbian/gay vs. stiaighl
photographs could explain good gaydar performaf¢ex'H%$.&%G"P.3)*@ (&&G","Y 6<%G"
2006). However, there are two less ambiguous findings. First, when pictures were taken in a
lab under standardized conditions gay men still correctly rated men’s sexual orientation
(Valentova & Havlicek, 2013). Second, correct classifications were still obtained when photos
were posted by targets’ acquaintances (low self-presentation bias; Rule & Ambady, 2008;
Rule et al., 2008). Hence, research is missing that caspemale and male target samples,
and more evidence is needed on-tb8. targets and using photos where pictaleerent
quality differences are ruled out.

Although there is little research on the relative importance of voices and faces in the
categoriation of sexual orientatiorS(lpizio et al., 201% it has been hypothesized that
voices should lead to better judgments than visual information (see Tskhay & Rule, 2013a)
because the auditory channel is particularly revealing. Indeed, voice recordingsriere
correct categorizations of male targets than facial pictures; howeverbasied and faee
based perceptions did not correlate (Valentova & Havlicek, 2013). Moreover, some studies
suggest that additional information elicits higher accuracy.egcbsexual orientation
categorizations significantly increased from presenting a photo series over a short video clip
devoid of speech information to longer videos (Ambady et al., 1999). However, there seems

to be an influence of targets’ gender: Whereas for male targets, videos with sound led to more

Nl
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correct judgments than speech which was in turn a better signal thapgetdrance, for
female targets, sexual orientation information contained in videos did not exceed full
appearances but both exceedegksh (Rieger et al., 2010). Hence, research is missing that

further compares different implicit signals (voices vs. faces vs. combined voice+face stimuli).

Path from Actual Sexual Orientation to Implicit Signals

Only a small number of studies investigated facial structures and asymmetry as

correlates of actual and perceived sexual orientgkioighes & Bremme, 2011;(+%&17$(G™
.OHLVQHU +DYOtp20N}, Skdrskaat 8\l X2813). Faces of straight womdn an
men showed less asymme(ryughes & Bremme, 2011; but see Valentova et al., 2014 for
male faces) and more gender conforming facial structures than lesbians’ and gay men’s faces
(#]753](G"K%&.7+%G"_563%&G"-)/75@.)|G","PT1@5L6Lee Hughes & Brene2011).
Hence, lhere is some evidence that targets’ face structures mirror their actual sexual

orientation.

Is actual sexual orientation reflected in targets’ voices? Interindividual'<.22%5%&)%3".&"
()7=31.)"A(5(@%1%53"<7"&71"<%A%E&<"7&" 8T 6@)+1.9%63"7&+6G"8=1"(5%"(<<.1.7&(++6"
<%1%5@.&Y0¥HB6&%<"8%*($.75" #.@A37&A"QYNA6S of acoustic parameters
commonly used in the sociophonetic studies on sexual orientation are intonational features
that encompass a variety of charastars involving fundamental frequeneyfrequency of
vocal fold73).++(1.7&"A%5"39D&R" 3" 1*%" () 7=31.)") 755%+(1%"72"$7.)%"A.1)*0"X*%3%"

FKDUDFWHULVWLFY PDLQO\ GHVFULEH WKH IXQGDPHQWDO
=11%5(&)%"3=)*"(3" @ YL QE4& 1 (+"25%a=%&)6"") 755%3A7&<.&J"17" @%(&"$7.)%"A.1)*UG"
Q(F.@=@"2Q")755%3A7&<.&J"17"=AA%5"$7.)%"A.1)*"87=8&<(56UG"(&<"2=&<(@%&1(+"25%

5(&J%"")755%3A7&<.&J"17"1*%"<.22%5%&)%"8%1D%%&" "=AA%S5"(&<"+7D%5"$7.)%"A.1)*"8



IHSUREI()"+) 68 964! ([1(0*196"2+3 BN+ (5E%3 * * * * x %
P%)(=3%"K%5@(&" @ (+%"3ABe65B"+7D%5" @%(&"2=8&<(@%& 1 (+"25%A=QYPU3"1QQ
1%(&"K%5@ (&"2%@ (+%"3A% (U5 " Y IUE "1*%6" (5%"A%5) %.$%<"(3"37=&<.&J"+7D%5"A.1)*
#.@A37&G"LQQ[UO"S%JI(5<.&J"3%F=(+"75.%&1(1.7&G"2.&<.&J3"7&".&17&(1.7&(+"2%(1=5%
&)7&)+=3.3%"275"2% @R (%Y. %D"3%%"' ()*%+G"#.@A37&G","#1%22%&3G"LQ!NBU"(&<"@
3A%(]%53" 275" ("5%%$.%D"3%%"' ()*%+"% 10s0abtidstereotypes, some studies
found that straight women use a higher mean fundamental frequency than lesbians (Camp,
2009;3(&"P753%H&¥(%+%G","/751*@R3) and straight men use a lower mean fO than gay
men (inville, 1998; P(%)]G"/751*(+3G","$(&"P753044). Straight women also showed a
higher maximum fundamental frequency, but the fundamental frequency range among
lesbians was nre varied than that among straight women (Camp, 2009), suggesting that it
may depend on the specific sample recruited whether lesbians on average speak with a lower
pitch than straight women. In line with this idea, other studies failed to find a sighifica
effect of sexual orientation on mean fundamental frequency in women (Kachel et al., 2017b;
Munson et al., 2006; Rendallasey, & McKenzig2008) and men (Kachel et al., 2017a:
Lerman & DamstZ, 1969; Gaudio, 1994; Sisson, 2003; Munson et al., 2006y |R¢adl
2008; Zimman, 2010; Valentova & Havli¢ek, 2013; Sulpizio et al., 2015).

A second class commonly used in sociophonetic studies on sexual orientation is vowel
space characteristics. Different vowel qualities are the result of different vaatal tra
configurations and are typically described using two measures: the first and the second
formant frequency. Within the German vowel system, /a/ shows the highest first formant
frequency (henceforth F1) because it is linked to the highest distance bdte¢engue
dorsum and the hard palate, /i/f shows high second formant frequency (henceforth F2) because
the tongue is positioned in the very front of the mouth and is produced with spread lips,

whereas /u/ is produced with rounded lips and the tongtne inack of the mouth and
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exhibiting lowF2 (see Figure Al in the Online Appendix). The vowel spatite polygon

formed by the distances between the single vowels in th&itwwensional acoustic spaces

on average more expanded and more shifted todhédnd down for female than male
speakers. Regarding sexual orientation, findings for vowel space characteristics are similarly
ambiguous as for intonational featuréghile some studies found vowel space shift
(PierrehumbertBent, Munson, Bradlow, & By, 2004; Rendall et al., 2008) and vowel

space expansion (Rendall et al., 20@8)e in line with stereotypes for women, others did not
(Munson et al., 2006; Kachel et al., 2017b). The same is true for male speakers: Straight men
were shown to have acstically more expanded vowel spaces than gay men in one study
(Pierrehumbert et al., 2004). However, ttimgling couldnot bereplicated Kunson et al.,

2006; Rendall et al., 200&achel et al., 201jaThe evidence for single vowel formants is

even more inconsistent (for a review see Kachel et al., 201 Hem¢e, only some studies

showed acoustic correlates of actual sexual orientation.

Path from Implicit Signals to Perceived Sexual Orientation

Do ggnal characteristics influence others’ perceptions of targets’ sexual orientation? To
begin with facial features, men but not women were judged as straighter, the less facial
asymmetry they had (Hughes & Bremme, 2011). However, raters did not use hay of t
genderconform facial structures to determine female and male targets’ sexual orientation
(Hughes & Bremme, 2011; Valentova et al., 2014). Using a more indirect approach, raters
were presented with different facial details. Hairstyle and eyes were sb@arry
information about women’s and men’s sexual orientation (Rule et al., 2008; Rule, Ambady, et
al., 2009; Tskhay et al., 2013; but see Cox et al., 2016). However, none of the facial details is

itself necessary for correct gaydar performance (Rudé,62008) which can be explained in

Q"
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terms of configural face processing (Tabak & Zayas, 2012). When facial structures provided
contradicting gender information (e.g., feminine face shape and masculine texture), the faces
were judged as less straigBb@ @ (&G"C7*&37&G">@8(<6G 2B Hr%BUs, there are

facial correlates of actual and perceived sexual orientation. However, facial information that
raters used to determine targets’ sexual orientation seem to differ from those facial features

reflecting trgets’ actual sexual orientation.

Regarding the question as to which voice features are used for sexual orientation
judgments, results were again inconclusive (for a review focusing on men, see Kachel et al.,
2017a). The finding that female voices wpreged as straighter the lower their mean pitch
and less variable their pitch (Camp, 2009) was not replicated (Munson et al., 2006). Although
women were perceived as straighter the higher their mean F1 and F2, findings on vowel space
expansion were incorsgent (Munson et al., 2006; Piccolo, 2008). A possible reason for
inconsistent findings regarding intonational and vowel space characteristics is that studies of
the phonetic correlates of sexual orientation have largely failed to take into account another
mediator (see Figure 1): the psychological characteristics that possibly explainrgmithp

variance(see also Waksler, 2001; Munson & Babel, 2007).
Targets’ Psychological Characteristics

Path from Actual Sexual Orientation to Psychological Characteristics

Decades of research testing psychological differences between straight women and men
on the one hand and lesbians and gay men on the other have established a whole range of
psychological characteristics related to sexual orientation; among otheesatéelifferences
in the interrelated factors actual gened@ile conformity, social group affiliation, and social

environment. Many studies have reported that straight women and men showed higher actual
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genderfrole conformity than lesbians and gay memg.(eLippa, 2005; Spence & Helmreich,
1975; Kachel, Steffens, & Niedlich, 2018.%J%5G";.&3%&@%.%5G"K6J(F@QUB().+%6G"
Still, there is much variance in actual gendsde conformity within straight women and
lesbians (Kachel et al., 2016). The latiescribed themselves as either “butch” (i.e., more
masculine) or “femme” (i.e., more feminine; Loulan, 1990; Pearcey, Docherty, & Dabbs jr,
1996; also see Singh, Vidaurri, Zambarano, & Dabbs, 1999). Thus, it depends on the
individual to what degree actustraightness is related to actual gernade conformity.

The socialidentity perspective postulates that people define themselves not only as
individuals, but also as members of social groups that they identify with, in turn self
stereotyping to align wh the respective socigroup stereotype (Tajfel & Turner, 1979;
Turner, Hogg, Oakes, Reicher, & Wether&®87). For instance, some lesbians were less
likely to wear makeup and often shortened their hair after they camekrak@uer & Rose,
2002).Thus, to the degree that their sexual orientation is a valued and important part of their
social group affiliation, straight women and men as well as gay men and lesbians should
construe their sel€oncepts in line with the respective sogabup prototypesi.e., the typical
member of the group in a given social context).

Further differences in psychological characteristics that depend on sexual orientation
could be related to differembcial environments. To the degree that lesbians, gay men, and
straightwomen and men are exposed to different role models, different new and subgroup
specific implicit signals may be created to signal sexual orientation (see Smyth & Rogers,
2008; Pierrehumbert et al., 2004, for similar ideas). For example, lesbians wandsHip
networks consist mainly of lesbians could adopt the habit to express their sexual orientation
more than lesbians whose friendship networks consist mainly of straight women. Taken

together, there is a lot of evidence that people’s actual sexual orientation and their

L
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psychological characteristics are related (i.e., the first path in EPSOM, see Figure 1).

Path from Psychological Characteristics to Implicit Signals
X7"1%96"8%31"72"7=5"]&7D+%<JVGGH &A HIY&.<"78&+6" ("2%BIBF(II<"31=<.%G".&"1

FRQWH[W RI VH[XDO RULHQWDWLRQ KDYH WHVWHG ZKLFK

82+=%8&)%"1*%"5%+(1.78&3* A"8%1D%%&" () 1=(+"3%F=(+"75.9A8h(LIF K tfe<fIB:s08(+30

sociophonetic study found no correlation between gay men’s mean fundamental frequency

and their comingput age and extent (Baeck et al., 2011), Kachel and colleagues (2017a, b)

shed light on mediating variables. For instance, they showed that the more masculine male

speakers described themselves, the lower their mean Fa¢al®iemans, 2000).

Additionally, they foundesbians’ and gay men’s speech parameters to be related to several

psychological characteristics (e.g., actual gemdkr conformity, social environment).

EPSOM accounts for research on implicit signals rafigghsychological characteristics (i.e.,

the second path in EPSOM, see Figure 1).

Path from Psychological Characteristics to Perceived Sexual Orientation

Which target characteristics lead to a bgpeceptiorof targets’ sexual orientation?
Whether perceivers are more accurate when judging women or men depends on the signal.
Given videos depicting the whole person (Ambady et al., #8885(G"S.%J%5G";.&3%&@%.%5G"
,"P(.+%6@010) or photos of faces (Tabak & Zayas, 2062;&3G";6&)*G"P5%D%5G","P5=&7G"
2014), women were judged more accurately than men, but given videos of silhouettes, men
were judged more accurately than women (Ambady et al., 1999; Johnson et al., 2007).
However, there is no voieelated study testing whetheerceivers are more correct in
judging women’s or men’s sexual orientation.

Whereas some studies focused on gender and other sociodemographic target

10"
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characteristics such as ethnicity/race (ghnson & Ghavami, 201Rule, 201},
nationality/languagee(g.,Sulpizio et al., 2015)and agde.g., Tskhay et al., 2016), only a

few studies dealt with psychological target characteristics. More concealment motivation
tended to be associated with being perceived as straighter for gay but not lesbian targets
(Sylva et al., 2010). Moreover, the less positive attitudes gay speakers held regarding
sounding gay (Mann, 2012), the straighter they were perceived. Thus, although there are some
pieces of evidence that psychological target characteristics are importpatdeiving

targets’ sexual orientation, their importance needs to be tested systematically.

Impressions Related to Perceived Sexual Orientation

There is a wealth of research on impressions regarding sexual orientation related traits,
like affect (Lyons gal., 2014; Tskhay et al., 2016), attractiveness (Lyons et al., 2014), and
speech clarity (Munson et al., 2006). All of these traits are gendered (e.g., positive affect is
stereotypically female). According to lay people’s gender inversion theory (Kite & Deaux,
1987), the central aspect of stereotypes of lesbians is that they are more masculine (and less
feminine) than straight women, whereas gay men are assumed to be more feminine and less
masculine than straight men (e.g., Kite & Whitley, 1996). Sinyijayender inversion is
expected as a cue to sexual orientation: Straight men who showed stereotypical feminine
behavior expected being misidentified as gay more often than straight men who showed
stereotypical masculine behavi®t1337&G"?5%B5RA.+.& 73 6+75@005). In line with the
“kernel of truth” hypothesis of stereotyping (?571*57","-%+.].(&G"I[W\f&rceived gender
role conformity differences correspond to actual differences reported above. Hence, we focus
on perceived gendeole conformity aghe primary and encompassing impression related to

perceived sexual orientation.

v
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Path from Actual Sexual Orientation to Impressions Related to Sexual Orientation

Gendetrrole conformityjudgments of raters depend on targets’ actual sexual orientation
given a variety of signals. Straight women and men were perceived as more gender
conforming (and less variable in their gendae conformity, Rieger et al., 2008, Rieger et
al., 2010) than their lesbian/gay counterparts based on their full appearancerspbotos
(Rieger et al., 2010) and videos (Rieger et al., 2008; Rieger et al., 28%0&17$(G"S.%J%5G"
+DYOtpHN /LQVHQR®ML)HIdsed c¥ Ddebstdh peiight ball displays showing
targets’ moving contours (Lick & Johnson, 2013), speech recordings (Gaudio, 1994; Munson,
2007; Rieger et al., 2010), and even handwritir#81%5G"-);(=J*+.&G"/7*%&G","H=&&G"
1973). However, mixed results were found for men’s faces. The finding that straight men
were judged to be more masculine/less feminingif&teal., 2013; Lyons et al., 2014) was
not replicated (Tskhay & Rule, 2015). Additionally, other target (e.g., age; see Tskhay et al.,
2016) and stimulus characteristics (e.g., phonological structure of words; see Munson, 2007)
influenced the associatiarf actual sexual orientation and perceigethdefrole conformity
EPSOM integrates the influences of both components. Moreover, it allows for a more
complex picture by accounting for the finding that actual sexual orientation was better
predicted by perivedgendefrole conformitythan perceived sexual orientation (Valentova

et al., 2014) which suggests a mediation by impressions related to sexual orientation.

Path from Psychological Characteristics to Impressions Related to Sexual Orientation

Which rehtions do exist between impressions related to sexual orientation, especially
perceived gendeawole conformity, and psychological target characteristics? After ruling out
possible memory biases, lesbian/gay and straight people who were more gender ognformi

during childhood became more gender conforming adults and were in turn perceived as more
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gender conforming by others based on videos (Rieger et al., Z¥8)es actualiendesrole
conformityin a narrow sense, psychological characteristics related to it such as sexual role
were connected to perceivgdndefrole conformity Gay men who selflescribed as tops

(i.e., insertive partner during anal intercourse) were perceived as more masculine tha
bottoms based on facial photographs (i.e., receptive partner during anal intertekinssy; &
Rule, 2013b)Regarding acoustic signals, no study so far investigated whether speech
recordings were able to transmit gendale conformity Hence, there ia research gap on

whether actual and perceivgdndefrole conformityare linked based on voices.

Path from Implicit Signals to Impressions Related to Sexual Orientation

Although the visual domain is represented very well in gaydar studies, we found only a
few studies on the signaling of gendaele conformity for this area. Wider faces, massive
jaws, rounded chins, thinner lips, smaller eyes, and thicker eyebvalenfova et al., 2014)
as well asa tubeshaped body analbroadshouldered gaivere perceied as masculine
(Johnson et al., 200.7Most research on this topic was done for the acoustic field.
Disregarding anecdotal evidenee<2; Guzik, 2004), there are inconsistent result patterns
for intonational and vowel space correlates of perceivedegentt conformity. Women
displaying highpitched voices (Camp, 2009; Munson, 2007) and more variable fundamental
frequencies (Camp, 2009) were rated as more feminine; however, the finding that men
displaying lowpitched voices (Sulpizio et al., 2015: Gemmmen; Terango, 1966; Munson,
2007; Valentova & Havlic¢ek, 2013) and less variable fundamental frequencies (Terango,
1966) were rated as more masculine, was not replicated in some studies (Camp, 2009;
Sulpizio et al., 2015: Italian men; Smyth et al., 2003)e pattern is similarly inconclusive for

vowel space characteristics. Whereas vowel space dispersion and mean F2 were acoustic

IR"
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correlates for perceived gend®te conformity in women (Munson, 2007), mixed results
turned out for men (Munson, 2007; Suipiet al., 2015). EPSOM accounts for this evidence
on associations between implicit signals and impressions related to sexual orientation by

suggesting the third path of its indirect route.

Path from Impressions Related to Sexual Orientation to Perceived Sexual Orientation

Can impressions of gendayle conformity be used to deduce targets’ sexual
orientationPerceived straightness and perceived germlerconformity were correlated with
each other independent of the signal (Rieger et al., 2010). Fanthteale targets who were
rated as straighter were also judged as more gender conforming based oDuakks&
Francis, 1990Freeman et al., 201®alentova & Havli¢ek, 2013; Valentova et al., 2014;
Tskhay & Rule, 2015, Tskhay et al., 2016), voi@@audio, 1994; Smyth et al., 2003; Camp,
2009; Rieger et al., 2010; Sulpizio et al., 2015), videos of full appear@vaestova et al.,
2011;Rieger et al., 2000 and lightpoint displays of targets’ moving contours (Lick &
Johnson, 2013). However, no ssanodal correlations were foun¥4{lentova & Havlicek,
2013; for example, perceived straightness judged from faces was not connected to perceived
genderfrole conformity based on voices. The correlation of perceived straightness and
perceived gendemle conformity dependedn targets’ gender: Compared to male targets,
judgements about women’s sexual orientation were inferred to a higher degree from gender-
role conformity perception@lunson, 2007Lick & Johnson, 2014b). Moreover, there are
different malevoice features indicatingerceived straightness and perceived genaler
conformity (Munson, 2007; Kachel et al., 2017a) and there are low male voices that sound
gay but not feminine whereas sounding gay and feminine is almost the same for high male

voices (Smyth et al., 2003). Hence, although perceived gealdeconformity and perceived

IN"
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sexual orientation are not the same, perceived geotieconformity is a cue for judgments

about female and male targets’ sexual orientation. Consequently, EPSOM proposes that

judgments about sexual orientation base on other perceptions, primarily-gaeder

conformity impressions, that are decoded from voices, faces, and other signals (see Munson et
al., 2006, and Freeman et al., 2010, for similar idétex)\ce EPSOM accounts for this

evidence by forming the fourth path of its indirect route.

The Present Research

As delineated above, EPSOM integrates much evidence by postulating three
components mediating the effect of actual on perceived sexual orien¥9otA3%& 1"
5%3%(5x<5%38AD7"8(11%5.%3"72"a=%31.7&30"X*%"2.5ZK B(1A%E645%H1. 7&3"
5%2%55.&)3A820V VLQJOH PHGLDWLQJ FRPSRQHQWYV
X  S%J5<.&IJ"1®P SOLFLW 6LJQDOV: FRPSRQHQW ZH DVN 'R U

75.%&1(1.7&"257 @GR 1(5J%1"2().(+"A*7173"D.1*"*.J*%5"1*(&")*(&)%"())=5()6"D*%&"

pictureinherent quality differences abe+%<"?+17%3"1*%")7@8.&(1.7&"72"$7.)%3"(&<"

2()%3"+%(<"17"*. I)&5([6" 1*(&"1*%"3.&J+%"3.J&(+3b"H7"5(1%53"A%5)%.$%" 3% F=(+"
75.%&1(1.7&"257@"2% @ (+%"$30" @ (+%"1(5J%1"$7.)%3" @75%"())=5(1%+6b"/7=+<"c=<
7&"78&%"3.J&(+"8%"=3%<"17"<%<=)%"c=<J@%&13"8(3%<"7&"(&71*%5"3.J&(+"".0%0G"

.3"3%9%&"(3"315(.J6(BZ(3"315(.J*1Ub"\3"$7.)%" (" @ 75%"$(+.<"3.J&(+"275" () 1=(+"3%F=(+

75.%&1(1.7&"(&<"JUB<YB)7&275@.16") 7T @A(5%<"17"2()%b"M*.)*"()7=31.)"A(5(@ %1%~
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genderfrole conformity™
X Regarding the “Impressions related to sexual orientation” we are interested it#5%"

()1=(+"(&<"A%5)% I8 95T +%") 78275 @(IB<"7&"$7.)%3"+.&]%<"17"%()*'71*%5b"
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The second battery of questions regards EPSOM’s indirect route mediating the effect
of actual m perceived sexual orientation:

x Do the single EPSOM components or tleeimbinations mediate the relationship
betweeractual and perceived sexual orientation?

x \3'perceived genderole conformity an additional mediator (in combination with actual
genderfrole conformity and acoustic parameters) of the relationship betweeh autua
perceived sexual orientatibt
\&"1*%"A5%3%&1"31=<6G"D%")7 @A(5%"2% @ (+%"(&<" @ GCO#OL B @ALIGICINE L7 &

)7&15(31"<.22%5%8&1"3.J&(+3G"&(@%+6"$7.)%3G"2()%3G" (&<"1*%.5")7 @8.8&(1.7&0"d1*%5"
31=<.%3G"D%"=3%"2()%"31.@=+."1{]%&(549%5"3(8") 7&<.1.7&3".&"75<%5"17") 7&157+"275"
a=(+.16"<.229%5%8&)%3"8%1D%%&"+%38.(&eJ(6"(&<"315(.J*1"1(5J%13" 3%%"/7TF"%1"(+0G"L
1*%"A5%<7@.8&(&)%" 7 2863UP6'5%3%(5)*".&"A57%$.<.8&J"%$.<%&)%"275"3A%).2.)"3.J&(+"
)*(5()1%5.31.)3G"D%')33%<"7&"1*%"@731") 7@ @7&"()7=31.)"A(5(@%1%53"".0%0".&17&(1.
(&<"$7D%+"3A()%"2%(1=5%3U0"\&"75<%5"17"A57$.<%"%FA+(&(1.7&3"275".&) 7&3.31%&1"()
2().(+")755%+(1%3"72" () 1=(+"(&<"A%5)%.$%<"3%F=(+"75.%8&1(1.7&".&" A6M6HIEd3"31=<.%3C
data m psychological characteristics (i.e., actual gemdkr conformity, social group

affiliation, (&<'social environments). In Experiment 1, we investigate perceived sexual

orientation, in Experiment 2 we investigate perceived geralerconformity.

Experiment 1
The main aim of Experiment 1 was to provide first evidence for EPSOM’s indirect
route and to answer open questions on its mediating components. We collected data on
perceived sexual orientation based on three different signals of a sexualpgit women’s
and men’s target sample. Regarding EPSOM’s “Implicit Signals” component, we investigated
if sexual orientation based on voice signals could be better perceived compared to facial

presentations, if an improvement of correct judgments doeilthade by combining both

"
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signals and if there are gender differences, as suggested by previous findings. Moreover, we
were interested in whether people who are heard as straight are also seen as straight and if
there are acoustic correlates of perceivedd orientation. Regarding EPSOM’s

“Psychological Characteristics”-component, wavanted to find out which psychological

features (e.g., actual gendete conformity) played a prominent role in raters’ sexual

orientation judgments.

Method
Participants
" #$%¢&'

We recruited 111 volunteers (fK%5@(&"@%157A7+.3"D.1*"@75%"1*(&"'GQQQGQQQ"
&*(8.1(&13" 2% @ (+%"A(51.). A(&$36VBEBZ). %o*, %3%/%, *0($*+) ()6 7 (2&*RAB(IEI65 @ (&"
).16"D.1*"(AAS7F.@(1%+6"1QQGQQQ".&*(8.1(&13" @ (+%"A($LePA(BAI B30 ($*
+)()67(2&*$%8'%9who were invited to participate in an investigation on “Sexuality and
Voice” with different sexual orientations. Targets were recruited in a university context and
through LGBTIQ* (Lesbian, gay, bisexual, transgender, interdeand queer) organizations
and platforms. A precondition for participation was that people were native German speakers
without voice and speaking disorders. The sample was highly homogeneous with regard to
ethnicity, educational level, and age: nearlypalfticipants held a university entrance degree,
were Caucasian, and ranged in age from 20 to 30 years.

97 gave permission for the use of either voices and photographs. After excluding the
few bisexual targets, we randomly selected 18 lesbians, 18 gafsetieratings on a Kinsey

like 7-point scale: 12), 18 straight women, and 18 straight men (KiAdey scores: 67)
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from this sample. Mean age was 24.2 ye8its=£ 2.26). The four target groups did not differ

in any sociodemographic variable.
)" &Y

We recruited 101 raters (65 women and 36 men). Most of thenB() were students at a
mid-sized German university. The others were padsgrecruited in the city center asking

for participation in a study that tested if it was possible to correctly juggson’s sexual
orientation by either hearing their voice, seeing their face, or both. Age ranged from 18 to 71

years, average age was 28.8D € 12.84).

Materials
*&+,-.H

Auditory and visual recordings from our 72 selected targets were used. Six additional
stimuli were used as practice stimuli (three female and three male, independent of their sexual
orientation). For all selected targets a digitalized photograph of thefata digitalized
voice recording were available.

Photographs

All photographs were in color and showed a smiling feaking directly at the
cameraThe photographs were cropped so that only thevidibeand the neck as well as a bit
of the shouldewere visiblein front of the a light backgroun@he targets were also allowed
to have any amount of jewelry, makp, facial hair et¢.which resulted in face stimuli with a
high ecological validity.

Voice Recordings

As voice stimuli we used recordingbthe sentence <Der Tag ist sehr lang geworden>
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*

(/de:e tha:k 1st ze:e lan govordn/; English: “It has been quite a long day.”). This sentence was
chosen out of a list of 20 sentences because it contains many phonetic aspects discussed in

previousresearch on the perception of sexual orientation (e.g., /a:/, /s/, /1/, see Kachel et al.,

20170).
101-'&+0(2%"-#%(

In order to determine which acoustic features accompany a certain sexual orientation
rating, we acoustically analyzed the recordings laajets. The stimulus sentence served as
a basis for acoustic measurement for fundamental frequency features and vowel space
characteristics. Different features of the individual fundamental frequency distribution were
measured by means of the whole sane: mean (indicating averaigmdamental frequengy
standard deviation (indicatifgndamental frequenaoyariability), 2.8" percentile (indicating
lower fundamental frequendyoundary), 97.8 percentile (indicating uppéundamental
frequencyboundary. Vowel space characteristics were determined on the basis of three
vowels (a:/ in <Tag>, /1/ in <ist>, /o/ in <geworden>). For each vowel first and second
formant frequencies were measured using the formant tracking function in the software
programpraat (Boersma & Weenink, 2014). According to Pierrehumbert et al. (2004) we
computed vowel space expansion usingRB&<+7DG"X755%11(G"(&<€1B3F ) riethod
which is measured as the mean Euclidian distance of the three vowels from the center of the
voweltriangle and vowel space shift which is indicated by meard&gdrée to which the
vowel space is directed to the bottom of the mouth) and meaeggeg to which the vowel

space is directed to theoht of the mouth) @oss the three vowels.
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A whole range of psychological characteristics were collected from the targets that we
classified into four groups. For the purpose of easier interpretation all psychological measures
were recoded such that high scores indicate straighter and/or more gamideming
characteristics.

Straight Attraction Index

We collected data on sexual orientation with different measures. First, we used a
Kinseylike scale (“Regarding my sexual orientation I self-identify as...”) ranging from 1
(exclusively gayl/lesbiartp 7 (exclusively straight). Second, we used more objectifiable
measures for sexual orientation. The same four items (sexual fantasy, romantic feelings,
physical attraction, and sexual interaction) were rated separately regarding women and men.
Targets wee asked to specify their sexually related sensations and experiences by means of
frequencies on a-goint scale ranging from kdver) to 7 @lways). Two gendeiseparated
means were calculated separately across the four corresponding items in ordanimeet
the degree of sexual orientation towards women and men. All means veeideckin order
to associate high scores with a high degree of straight attraction. Because of high inter
correlations of subjective and more objectifiable measates % .89, allp < .00]), a straight
attraction index was created by computing the mean of the Klikgegcale and straightness
conform orientation towards men and wome# (98).

Actual Gender-Role Conformity

Several instruments were used to determine gemdieiconformity. Data of present,

personality and behaviebased gendemle conformity were collected as well as data of

childhood genderole conformity.
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Traditional Masculinity-Femininity Scale. The first instrument we applied was the
Traditional Masalinity-Femininity scale (TMF; Kachel et al., 2016) that consists of six items
measuring different aspects of actual gefrdér conformity according to Constantinople
(1973) such as gendesle adoption (“I consider myself as...”), gender-role preference
(“Ideally, I would like to be...”), and gender-role identity (‘“Traditionally, my
interests/attitudes and beliefs/behavior/outer appearance would be regarded as...”). Targets
were asked to rate each item onjaomt scale ranging from Xofally masculine) to 7 (otally

feminine). Internal consistency was= 91.

Femininity-Scale of the German Extended Personal Attributes Questionnaire. \We
used the expressiveness scale (GEHAQf the German Extended Personal Attributes
Questionnaire (Rungé&rey, Gollwizer, Helmreich and Spen&&81), which is the German
version of the Extended Personal Attributes Questionnaire by Spence and Helmreich (1975).
We did not include the instrumentality scale (GERK() because women and men
converged in instrumental traits recent years, while expressive traits still differed (Kachel et
al., 2016). Comprising eight items, the GERA@neasures personality traits more socially
desirable for women than men (e.g., emotional). Targets rated themselves regarding each item
on a 5point scale ranging from kit emotional) t0 5 yery emotional, o.= .71).

Feminine Gender-Role Conforming Behavior. The scale consists of 29 everyday
behaviors more typical for women than men (Athenstaedt, 2003). Targets rated themselves
regarding typielly feminine behaviors (e.g.,“put flowers on the desk”) on a 6-point scale
ranging from 1 dompletely atypical for me) t0 6 completely typical for me; o.= .92).

Childhood Gender-Role Conformity. 9 Items, such as “I played typical girls’ games.”
or “I behaved like a typical girl” (examples were taken from the women’s version), were

applied in order to assess Childhood Gesitiele Conformity (CGRC, see Kachel et al.,
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2016). Targets sellescribedheir typicality on a §oint scale ranging from X {trongly
disagree) t0 5 ( strongly agree; o.= .87).
Social Group Affiliation

Two 7-point circle scales were used to assess the affiliation of the self with the group
of samegender lesbian/gay and straight people (e.g., all female targets should indicate their
relationships to lesbians and straight women) based on Schubert and Otten (2002). A smaller
circle represents the self and a larger circle represents the overall group. From picture one to
seven, circles approximated each other, overlapped, and wehg émagruent with regard to
their centers. Scores for “self — lesbians/gay men” descriptions were recoded so that high
values represent a high degree of heteronormative affiliation.
Social Environment

Different measures for determining targets’ social environment were applied
encompassing circle of friends, current contact to sgemeler lesbian/gay and straight
people, and contact to boys and girls during childhood.

Circle of friends. In order to represent targets’ social environment, we measured
gencer distribution of friends and sexual orientation of sayaeder friends on two separate
7-point scales. Targets completed the statement “My circle of friends consists of...” ranging
from 1 (..men) to 7 (..women) for the gender distribution of friends’ item and from 1

«OHVELDQV J)DA 7TRHMNQVRQ@QIKW Z R Pt DeRBdxaal &ientation of

samegender friends’ item. A small correlation could be observed between the two items (r =
-.28,p = .052).

Contact to same-gender lesbian/gay and straight people. In addition to the
characteristics regarding the circle of friends, frequency of contact tegemder lesbian/gay

men and straight people (e.g., contact to lesbians and straight women for female targets)
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should be evaluated on two independépbint-scales ranging from kéver) to 7 @lways).
Both items (contact to lesbian/people and contact to straight people) did not correlate
significantly ¢ = .05,p = .75).
Contact to girls and boys during childhood. Targets retrospectively evaluated
frequency of contact to girls and boys during childhood on two separated scales ranging from

1 (never) to 7 @lways).
3#10%6-%%

Production

Data collection for targets was done in two phases. First, targets filled out an online
guestionnaire that comprised psychological measures. This approach served to ensure similar
numbers of lesbian/gay and straight targets. In the second step, speedingsaoere
gathered in a sourleated laboratory either by a rrtidenty year old male experimenter for
male targets doy a midtwenty year old female experimenter for female targedsgets
received 18 € for their participation. For more details on the procedure chosen for target data
collection, please seeference deleted for anonymous review.
Perception

All raters were tested in individual cubicles in a quiet room either in town or on
campus. The experimenter welcomed each rater and gave aeswiption of the
experiment including its duration and purpose. In the cubicle, after signing informed consent
and putting headphones on, they were asked to follow the instructions on the computer screen.
Raters were told that the computer would presbotgs and/or voice samples of people
differing in sexual orientation, one by one, and that their task was to judge targets’ sexual

orientation as either lesbian/gay or straight. They were instructed to follow their intuition and
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answer as fast as possibléien they went through the exercise block. Afterwards, raters read
another instruction that again mentioned making ratings intuitively. By pressing the space bar,
the experimental blocks started. At the end of the rating task, demographics were collected.
Then, raters were thanked and dismissed. The whole experiment lasted aBoumibbites.

The experiment was developed and presented using PsyScope X B 53 (Cohen,
MacWhinney, Flatt, & Provost, 1993) on MacBooks. The experimental task consisted of 36
experimental blocks, each consisting of 6 trials. In two trials within each block photographs
were presented (one of a male face and one of a female face), in two we presented voice
recordings (one male and one female), and two were combined trials corwisting
photographs and voice recordings (one of a male voice and the corresponding face and one of
a female voice and the corresponding face). Each target was presented three times across the
experiment, once in each signal condition (voice, face, and veice}tfStimuli appeared in
an individually randomized order for each rater. Each rater received the experimental blocks
in the same order while the trials within the block were presented randomly.

The photographs were presented on a white background mnidlée of the computer
screen. If no photograph was shown, only the voice recording could be heard while the screen
remained white. We assessed sexual orientation ratings usingadtéwwative forced choice,
gay/lesbian versus straight. Raters were @skeress the key “e” if they believed the target
was straight, and to press the key “0” for rating the target as gay or lesbian. As a reminder
both options were presented in the lower left and right screen corners. Immediately after
pressing one of thecks, the next trial started. As a compensation, they received either 4 € or
course credit.

Design

Main dependent variables were ratings of targets. Independent variables were signal
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condition (voice vs. face vs. voice+face), target gender, and target sexual orientation. For
targets as the units of analysis, signal condition was a within factor and target gender and
sexual orientation were between factors; for raters as the unitalgéianall independent
variables were within subject. In all analyses in the present article, significance tests were

conducted with a < .05.
Results

Preliminary Analyses

Across each condition (target gendgarget sexual orientationsignal condition),
sexual orientation ratings of female and male raters were significantly correlated. Correlations
ranged fromr = .70 (ratings for straight women’s voices) to » = .97 (ratings for lesbians’
voices+faces). Mean correlation was= .86. Hence, female and male raters agreed on
judgments about sexual orientation in different conditions.

Internal consistencies for all conditions ranged betweeri/7 (for ratings of straight
women’s voices) and a = .98 (for ratings of lesbians’ faces). Interrater reliability across all
conditions was a = .97. Thus, raters displayed very similar sexual orientation perceptions of a
given target. Consequently, we computed perceived sexual orientation scores for each target

across raters.

Implicit Signals
>"2531"3%1"72"(&(+63%3") 7 @A(5%<"())=5().%3"72"3%F=(+"75.%&1(1.7&"<%1%)1.7&

2().(+G"(&<")7T@8.&%<"3.J&(+3"275"2% @ (+%"(&<"@ (+%"1(5J%130"#=83%a=%&1+6G"("3%)

(&(+63%3"5%J(5<3"3A%).2.)")*(5()1%5.31.)3".&*%5%&1".&"$7) (+"3. & (EBV/{&LI1PE&3T&"2.531

(36209V LQGLUHFW URXWH QDPHO\ ZKHWKHU WKH HIIHFW
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D%applied signal detection analysis to our d#ta rater categorized a straight target as

straight, it was taken as a hit, if a rater categorized a lesbian/gay target as straight, it was

coded as a false alarm. We computed theahnitl falsealarmrate for every signal condition

by dividing the sunof hits and false alarms by the total number of straight and lesbian/gay

targets in each signal condition. Subsequently, we computedrééasnsitivity d’

representing the difference of standardizeddntl false alarmates and standardized

responseibs C representing the criterion to rate targets as either lesbian/gay or straight

(Macmillan, 2002). Thus, d’ of 0 indicated that raters were only guessing sexual orientation

andthe more positive values d’ takes, the higher the number of straight targets who were

correctly classified as straight. A response bias C of 0 indicates no bias, the more positive

values C takes, the higher the number of straight judgements (see Online Appendix for
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analysis and Figure A2 depicting results). AI3 ANOVA with rates as the units of analysis
was computed, with the withisubject factors signal condition and target gender.

Results for d’ are depicted in Figure 2 and showed that in every condition female and
male targets were identified more correctly than by sigpessing: allrema.(35) = 4.95, all
p <.001, and alhw..(35) = 3.59, alp < .001. We found an interaction of signal condition and
target gender# (2, 99) = 24.93p < .001,n?% = .34 in addition to a main effect of signal
condition,F(2, 99) = 112.83p < .001 1% = .70.Simpleeffects testsvith Bonferroni
adjustmenshowed the following findings. Whereas for male targets discrimination increased
from voice over face to their combinatiani(2, 99) = 14.97p <.001, n?, = .23 for female
targets discrimination for face and voice+face was better compared to voice coiiion,
99) = 25.53p <.001, n% = .34. Moreover, female targets were identified more correctly than
male targets only in face conditiafi(1, 100) = 9.26p = .003 %, > .09, but not in voice and
combination condition, botR(1, 100) < 1.44, both p > .22, both n%,< .01. Taken together,
UDWHUV SHUFHLYHG WDUJHWVY VH[XDO RULHQWDWLRQ ZL
)7@8.&(1.7&")7&<.1.7&" &<%A%&<HILAT TIVALLPEDB. & %6<"3.I&(+3"+%<"17"* J*%5"
00)=5().%3"1*(&"%()*"3.&J+%"3.J&(+"275" @ (+%"8=1"&71"2%@ (+%"1(5J%130
Correlations of Judgments regarding Different Signals

Can judgments on one signal be used to deduce judgments based on another signal?
Judgments about sexual orientation were related to one another (see Table 1). Thus, the
straighter a person was heard, the straighter she or he was seen, and vieeev8&a €
.003; for correlations on gendesle conformity see Online Appendix).térestingly,
correlations of straight judgments for voice and combination conditieng4,p < .001)
were lower than for face and combination condition (96,p <.001; all |z| > 6.29, all p <

.001). The result pattern suggests that overall impmnessibout perceived straightness were
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primarily based on faces in contrast to voices. This is supported by a stepwise regression
analysis of perceived straightness in combination condition on perceived straightness in voice
and in face condition (see Tal#g Face condition was a much stronger predictor than voice
condition (face condition: = .88, p <.001; voice condition: B = .23, p < .001), although

voice condition additionally explained variance in combination condiRériange = .05,

F(1, 69) = 8423,p < .001. Hence, when raters were simultaneously given different signals
carrying sexual orientation (e.g., voices and faces), the overall raters’ impression of targets’

sexual orientation is primarily based on faces instead of voices.

However, wherexamining if this pattern occurred independent of targets’ gender,
genderseparated regression analyses showed that this was true especially for female targets
(see Table 2). Face was a far stronger predictor for combined signals than voice in female
targets than in male targets (faceice difference for female targets: Ap = .86; face-voice
difference for male targets: Ap = .65). Hence, when comparing different implicit signals
proposed by EPSOM, additional sexual orientation information can be derivedl®
compared to female targets when their voices were presented synchronously with their faces
which is in line with the above findings from signal detection analysis. Moreover, the
supremacy of faces compared to voices in signaling sexual oriengagueident for female
and male targets. For German targets, we can clearly reject the idea that voices are

particularly revealing, as compared to faces.

/01-'&+0(75"#"'0&%#+'&+0'
A second set of analyses was used to answer questions on specific impldg sign
inherent in voicesWhen the suitability of EPSOM’s prediction that acoustic parameters

mediate the effect of actual on perceived sexual orientation should be tested, a precondition is

or
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that some acoustic parameters are be connected to perceivedosextation in women and
men in conditions that include voice. Providing such evidence seems to be particularly
necessary given that voices were less reliable signals compared to faces. Hence, we wanted to
identify the (most important) acoustic correlavéperceived sexual orientation and whether
they are able to mediate the effect of actual on perceived sexual orientation.
Correlations of Acoustic Characteristics and Perceived Straightness

Given the results of the signal detection analysis where vaiessfound to contain
information additionally relevant for correctly judging the sexual orientation of male
compared to female targets while presenting faces, one would expect acoustic parameters to
signal sexual orientation especially for men. Howewverpuatic correlates of perceived sexual
orientation in voice condition were especially found for women (Table 3). Women were
perceived as straighter based on their voices the more gender conforming acoustic
characteristics they showed: more expanded vopaales, more vowel space shifts to the
bottom (mean F1, higher F1 in /a:/, and higher F1 in /5/) and to the front of the mouth (mean
F2, higher F2 in /a:/, higher F2 in /1/), the higher their mean fundamental frequency, and the
higher their lower fundamentiiequency boundary. Even though judgments in combination
condition were mainly based on faces, acoustic parameters correlated with perceived sexual
orientation in combination condition as well: Women were perceived as straighter in the
combination condibn, the more expanded their vowel space and the higher their F1 and F2 in
/a/.

Although voice seems to be an additionally relevant signal for males’ compared to

females’ sexual orientation, only two acoustic parameters were linked to perceived
straightress in male voices: Male targets were perceived as straighter, the higher their F1 in

/a/ —which is an unexpected finding given gender inversion theory (Kite & Deaux, 12987)
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and the lower their lower fundamental frequency boundary. No acoustic paraaster
significantly correlated to perceived straightness based on combination condition. Given the
number of tests undertaken, significant results for Fd/iand lower fundamental frequency
boundary could be chance findings. Hence, it seems that thexecargtic features different

from fundamental frequency and vowel space characteristics relevant in men’s voice signaling

their sexual orientation.

Regression of Perceived Straightness on Acoustic Characteristics

Which acoustic parameters are most imparfar perceived sexual orientation in
voice-including conditions? Because no convincing acoustic correlate was found for men in
the voiceonly condition, we computed a regression analysis for female targets only.
Perceived sexual orientation was regresseedcoustic parameters that were found to
correlate with perceived sexual orientation depending on voice condition (vowel space
expansion, mean F1 and F2, F1 and F2 in /a:/, F2 in /1/, F1 in /o/, mean fundamental
frequency and lower fundamental frequenisgundary, and voice+face condition (vowel
space expansion, F1 and F2 in /a:/). Hence, separate regression models for voices and
voices+faces were computed using stepwise inclusion of acoustic parameters.

For voice condition, theverall regression moteas significantF(2, 33) = 15.68p
<.001, adj. R? = .46. Female targets were perceived as straighter based on voices only, the
higher F1 in /a:/ (B = .001,SE = .000, = .60, p < .001) and the higher me&aimdamental
frequency(B = .001,SE =.001, § = .30,p = .024). F1 in /a:/ was twice as important as mean
fundamental frequency

For combination condition, the overall regression model was significant ag{ell,

34) =12.12p = .001,ad;. R? = .24. Female targets were perceived as straightehig¢imer F1

in/a:/ (B = .001,SE =.000, B =.51, p = .001). Consequently, regarding specific
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characteristics of implicit signals proposed by EPSOM, F1 in /a:/ is the most important voice
parameter in explaining perceived sexual orientation of femaletsargdependent of signal
condition.
Mediation of the Effect of Actual on Perceived Sexual Orientation by Acoustic Characteristics

In order to test indirect effects of actual on perceived sexual orientation via any
acoustic parameters gathered, we usedélgressiofbased approach proposed by Hayes
(2013). In all mediation analyses in the present paper, we used 10,000 bootstrapping
resamples and 95% biasrrected confidence intervals (Cl) for the estimation of the indirect
effects(Preacher & Hayes, 20D8An effect was taken as significant, when the confidence
interval did not span zero. We computed separate analyses for each possible acoustic mediator
in order to give the analyses adequate power.

For female target$;1 in /a:/ (b = .01,SE < .01, CI[.00, .02]) and F2 in /a:/ (b = .01,
SE <.01, CI[.00, .01]) were found to fully mediate the relationship between actual and
perceived sexual orientation in voice condition (for both direct effects:doeti®d1, bothSE
<.01,no Cl spanned)0The straighter female targets described themselves, the more likely
they realized gender conforming acoustic parameters (higher F1 and F2 in /a:/), the more
likely they were judged as straight based on their voices. When entering F1 and F2 in /a:/ in
one nediation model, only F1 in /a:/ fully mediated the relationship between actual and
perceived sexual orientation (see Figure 3). Additionally, F1 in /a:/ was shown to partially
mediate the relationship in combination condition in the expected way a®weldR, SE <
.01, CI[.00, .04]; direct effecti = .05,SF < .02, CI [.01, .08]).

For male targets, there were no significant indirect effects of acoustic parameters
mediating the relationship between actual and perceived sexual orientatfor (8l, SE >

.00,change of signs for all OlsTaken together, these findings support the conclusion drawn
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from correlation and regression analyses. For female targets, F1 in /a:/ was shown to be the

most important acoustic parameter mediating the relatiomgtipeen actual and perceived
sexual orientation. Hence, there is first evidence of an indirect route transmitting actual to
perceived sexual orientation as proposed by EPSOM. For male targets, acoustic parameters

different from the ones collected in theepent study seem to be relevant.

Psychological Characteristics

In order to answer the questiaich psychological target characteristics are
associated with a perceptios straight, we used correlatianalyss, giving us the
opportunity to preselect he most important psychological characteristics for regression
analyses, which is advisable considering the relation of number of targets and number of
predictors. Afterwards, we test whether psychological characteristics mediate the relationship

between etual and perceived sexual orientation.

71##%."&+19'(1:(3'4051.1$+0".(75"#"0&%#+'&+0'("96/(3%#0%+;%6 (* &#"+$5&9%"

Correlationanalysis was done for the overall sample as well as separately for the
female and male sukample, respectively, in every signahdition. Directions of all
significant correlations were the same: Perceived straightness was accompanied by gender
conforming and heteronormative scores (see Table 4). For face and voice+face condition an
almost identical pattern of significant psychatad correlates was observed: Psychological
characteristics that were significant in face condition were significant in voice+face condition,
too.

One psychological characteristic out of each of the three classes of psychological
characteristics turned out to be a correlate of perceived straightness: TMF as a measure of

actual genderole conformity, group affiliation to sargender straight peoples a social

ow
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group affiliation measure, and sexual orientation of sgereler friends as a social

environment measure. In general, female and male targets were perceived as straighter the
more gender conforming they described themselves, the more groigtiaffito same

gender straight people they reported, and the straighter theirgearder friends. All three
psychological correlates were associated with perceived straightness in each signal condition
and for almost all samples (overall sample, femalessumple, and male stdample).

Additionally, groupaffiliation to lesbians and gay men was found to be important for all
samples but only for fae@cluding conditions.

All other significant psychological correlates were observed mainly forifeteding
conditions and were due to male targets. Male targets were perceived as straighter in face
including conditions the more gendewnforming (GEPA®F, GRBF, CGRC) and
heteronormative their scores were (contact to boys during childhood, gender distabution

friends, contact to gay men and straight men).

)%$#%"+19(1:(3%#0%+; %6 (*&#"+$5&9%"(19(3'4051.1$+0".(75"#"0&%#+'&+0'

In order to test which of the psychological characteristics were most relevant in
predicting perceived straightness, we used regnessialyses. Because of the limited number
of targets, not all of the psychological characteristics measured could be taken into account
when explaining which of them most affect perceived straightness. In order to preserve
appropriate relations of numbef targets and number of predictors, we chose the three that
showed significant correlations for each signal condition and for almost all samples.
Additionally, we included straight attraction index because signal detection analysis suggested
its importane. Consequently, we did genesparate regression analyses for each signal

condition by entering straight attraction index, Traditional MasculiRégnininity Scale

OR
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(TMF), group affiliation to samegender straight people, and sexual orientation of same
gender friends using stepwise inclusion of predictors.
For men, independent of signal condition, the overall regression models were
significant, allF(1, 34) = 6.82, alb <.013, all adj. R?> .14. Sexual orientation of male
targets’ male friends was the only significant predictor (alB > .03, all SE < .01, all § > .41,
all p <.013). The straighter male targets’ male friends, the more likely male targets were
perceived as straight in every signal condition (other psychological characterisfics.: 28,
all p > .10).
For women, independent of signal condition, the overall regression models were also
significant, allF(1, 34) = 7.41, alb <.010, all adj. R?>> .16. The more affiliation female
targets reported to straight women, the more likely they were perceived as straight in every
signal condition (alB > .02, all SE < .01, all B > .42, all p <.010). In face-including
conditions, TMF showed an additionafluence on perceived sexual orientation: The more
gender conforming female targets described themselves, the more likely they were perceived
as straight in face and voice+face conditionBall .10, all SE < .04, all § > .38, all p <.012).
Hence, théPsychological Characteristics” component proposed by EPSOM showed
different patterns for female and male targets. Whereas a social environment characteristic
predicted perceived sexual orientation best for male targets, a social group affiliation and a

genderrole conformity measure predicted it best for female targets.

2%6+"&+19(1:(&5%(<::%0&(1:(/0&-".("96/(3%#0%+;%6 (*%=-".(>#+%9&"&+19(?4(
3'4051.1$+0".(75"#"0&%0#+'&+0'(
We tested indirect effects of any acoustic parameter measured for mediating the

relationship between actual and perceived sexual orient&@mrfemale targets, actual
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genderfrole conformity on the Traditional Masculinigemininity Scale (TMF) displayed a
significant indirect effect in faeacluding conditions: The straighter female &igdescribed
themselves, the higher their sedited genderole conformity TMF, which in turn led to a
straighter perception by others in fgée= .02,SE = .01, CI [.01, .05]and voice+face
condition(b = .02,SE = .01, CI [.00, .05]))However, the direct effects were significant, too
(all b>.04,SE < .02, no Cl spanned 0)
For male targets, the indirect effect of actual gemdkr conformity in TMF was
significant for voice+face condition on{y = 0.01,SE = 0.01, CI [.00, .03])Additionally,
gender conforming contact to boys during childhood showed a significant indirect effect in
faceincluding conditions: The straighter male targets described themselves, the higher their
reported contact to boys during childhood which in tethto a straighter perception based on
faces(b = 0.11,SE = 0.01, CI[.00, .03]and voices+face® = 0.14,SE = 0.01, CI [.00, .03])
However, the direct effects were significant, {ath » > .02, allSE < .01, no Cl spanned 0)
Hence, there is evidee for another indirect route mediating actual to perceived
sexual orientation proposed by EPSOM. For female and male targets, actual and perceived

sexual orientation is partially mediated by actual gemdierconformity.

Mediation of Effect of Actual on Perceived Sexual Orientation via Psychological and
Acoustic Characteristics

'We examined the indirect route proposed by EPSOM more comprehensively in a
serial mediation analysis. Although EPSOM suggests a clear direction of the indirect route
(actual sexal orientation influences psychological characteristics of the targets that in turn
affect certain acoustic parameters that lead to a perception as lesbian/gay or straight),

mediation analysis does not specify a certain direction. We applied mediatigsiatal
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female targets only, because no acoustic correlates of perceived sexual orientation were found
for men. Moreover, we used the Traditional Masculkfigmininity Scale (TMF)

representing psychological target characteristics, because it was shimsvthoonly

psychological characteristic mediating the effect of actual on perceived sexual orientation.
Hence, also the opposite direction would be possible.

TMF showed combined indirect effects with a range of acoustic parameters fully
mediating the reitionship of actual and perceived sexual orientation in voice condition. The
straighter female targets described themselves, the more gender conforming they rated
themselves on TMF, the more gender conforming acoustic parameters they produced (i.e.,
highervalues for F1 in /a:/, F2 in /1/, mean F1, mean fundamental frequengywhich led to a
straighter perception by othel » > .003,SE < .002, no Cl spanned O)one of the direct

effects were significar(@ll » <.011,SE > .006, all ClIs spanned 0).

Discussion

EPSOM suggests three components mediating the relationship between actual and
perceived sexual orientationRFXVLQJ RQ WKH ?)HB\OLY%RI1 B DEA"ASFIHG0”
%3%$.<%&)%"14(dets were categorized more accurately and were taken ghtstnare often
based on voices, faces, and combined signals than could be expected by simple guessing.
Faces were a better signal to female and male sexual orientation than voices. However, voices
provided additional information on male but not female akrtentation information when
they were presented along with faces compared to faces al686€7$%5G"D%"27=&<"1*(1"
3%F=(+"75.%&1(1.7&"c=<J@%&13"8%1D%%&"<.22%5%&1"3.J&(+3"D%5%"5%+(1%<E"M*%
D(3"3%%&"(3"315(.J*1G"3*%"75"*%"D(3"t W(BX'#3RAB51.&J"1*%"2.&<.&J3"257@"3.I&(+"

<961%)1.7&"(&(+63.3G"c=<J@%&13"8(3%<"7&"2()%3"A5%<.)1%<"c=<J@%&13"8(3%<"7&"87
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275"2%@ (+%") 7T @A(5%<"17"@(+%"1(5%130"Y %&)%G"%FA5%33.7&"(&<"A%5)%A1.7&"72"
75.%8&1(1.7&"3%%@3"17" 8% 2(F@®/6<"D*%5%(3" @ (+%"3%F=(+"75.%&1(1.7&".&)+=<%3"$7
&L&275@(1.7&"17"37@%"<%J5%%0"/7&3%a=%&1+6G".1"D(3"%FA%)1%<"1*(1"D*%&"27)=3.&
)*(5()1%5.31.)3".&*%5%&1".&"$7)(+"3.J&(+3" @ 75%"() 7=31.)") 755%+(1%3"72" A%5)%.$%<"3%
75.%8&1(1.78"72" @ULR @ %&") 7=+<"8%"3*7D&0"Y 7D%$%5G"5(1%53"=3%<"()7=31.)"A(5(@¥
GHWHUPLQH IHPDOH VH[XDO RULHQWDWLRQ RQO\ ) LQ D
()7=31.)")755%+(1%"72"A%5)%.$%<"3%F=(+"75.%&1(1.7&"(&<"1*%"@731". @A751(&1" @ %-<.
5%-+(1 F8A"8%1D%%&" () 1=(+"(&<"A%5)%.$%<"3%F=(+"75.%8&1(1.7&0"

Regarding EPSOMs ,,Psychological Characteristics” component)*(5()1%5.31.)3"257@"
(++"1*5%%")+(33%3"D%5%"3*7D&"17"8%"A36)*7+7J.)(+") 755%+(1%3"72"A%5)%.$%<"3%F=
S<YA%E<Y%&1"T2"3 I&UHTII &&<"1(5J%1"I%&<%5".&"+.&%"D.1*"%FA%)1(1.7&3"".0%0G"1*Y
J%&<%5")7&275@.&J"(&<"*%1%57&75@(1.$%"1(5J%13"<%3)5.8%<"1*% @ 3%+$%3G"1*%"(
D%5%"A%5)%.$%<"(3"315(.J*1U0"Y7D%$%5G"1*%". @A 751(&)%"72"1*%"A36)*7+7J.)(+") 755
8(3%<"T8%6&<%50"M*%5%(3"()1=(+"3%F=(+"75.%&1(1.7&"'D(3"@731". @AT51(&1"275" @%&C
315(.J*1"D7 @%&"8%31"A5%<.)1%<"A%5)%.$%<"3%F=(+"75.%&1(1.7&"275"D7 @%&".&"%%$%
)78&<.1.7&0"><<.1.7&(++6G" () 1=(+'T4&YB275@.16" . &2IH9.&J")78&<.1.783'D
LPSRUWDQW IRU SHUFHLYLQJ |IHMBEOeHthardidsiigjasit VH[XDO F
evidence for another indirect route mediating the effect of actual on perceived sexual
orientation proposed by EPSOM, at least for female targets. Actual geheleonformity
partially mediated the relationship of actual on perceived sexual orientation for female and
male targets. In a more comprehensive analysisstraighter female targets described
themselves, the more gender conforming they rated themselwes, w turn, led to more
gender conforming acoustic parameters @ffietted a straighter perception by others. Hence,

as proposed by EPSOM, psychological characteristics and implicit signals mediated the
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relationship of actual and perceived sexual oatomh in combination. What is yet missing is
data on the “Impressions Related to Sexual Orientation” as the third component proposed by

EPSOM.

Experiment 2

The main aim of Experiment 2 was to provide further evidence on EPSOM’s indirect
route and itsnediators with a special focus on impressions related to sexual orientation.
Hence, we gathered data on perceived geralerconformity based on voices and faces.
First, we tested how actual and perceived genalerconformity were connected to each
othe when presenting the two signals and which were the acoustic correlates of perceived
gendefrole conformity. Thereby we further tested EPSOM’s “Implicit Signals” component.
Second, we asked which psychological characteristics lead to a perception as gende
conforming. Third, we tested if perceived gendde conformity was an additional mediator
(in combination with actual gendeole conformity and acoustic parameters) of the
relationship between actual and perceived sexual orientation, hence fully testindirect

route proposed by EPSOM.

Method
The same voice and face stimuli from the 18 targets per group (lesbians, gay men,
straight men and women) as in Experiment 1 were used, except for one lesbian target who
was replaced by another lesbian tatfge technical reasons. Hence, data for targets’
psychological characteristics (sexual orientation, actual genteeconformity, social group
affiliation, and social environment), acoustic parameters, and perceived straightness were

almost the same as Experiment 1. The straight attraction index was used as a measure of
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actual sexual orientation and the Traditional Masculir#gynininity Scale (TMF) was used as
a measure of actual gendete conformity (both scales ranging from 1 to 7).

Overall, 38participants completed the experiment. Participants were asked to rate all
target voices and faces on-@@int a masculinity/femininity scale ranging fromeasglly
masculine) 10 7 (otally feminine); ratings were recoded in order to have higher scorbedte
higher perceived gendeole conformity. They were randomly assigned to two different
orders of blockwise presentatiorf(Inale faces, male voices, female faces, female voices;
2% male voices, female voices, male faces, female faces). Stimudirandomly presented

within each block. In contrast to Experiment 1, there was no combination condition.
Results

Preliminary Analysis

Internal consistency for all conditions (target gend&arget sexual orientation
signal condition) ranged betweer .94 (for ratings of straight men’s faces) and a = .98 (for
ratings of lesbians’ faces). Interrater reliability across all conditions was o = .97. Thus, raters
displayed very similagendesrole conformityperceptions of a given target. Consequently, we

computed perceivegendesrole conformityscores for each target across raters.

Implicit Signals

MREXVLQJ RQ (36201V 3, F@ANKHRIG"G2L33Q "BV 2" (&(+63%3"5%2%*"
ZKHWKHU UDWHUYV GHULY Herldé#rol2 OdAfobnyB8Yd2 TV65 125 WarCHa) H1HB0V
2().(+"3.J&(+30"#=83%a=%&1+6G"("3%) 7&<"3%1"72"(&(+63%3"5%J (53" IR %) 205 Y6&1) 1%
LQ YRFDO VLIJQDOV DQG WHVW D ILUVW PHGLDWLRQ RQ (3

5HODWHG WR 6H[XDO 2ULHQWDWLRQ"~ QDPHOende#deW KHU \
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Are actual and perceived gendete conformity associated with each other in the
different signals? And can gened®ie conformity be deduced better when based on voices or
on facesAs correlation analyses showede more gender odorming targets described
themselves, the more gender conforming they were perceived by others based om %oices (
.32,p =.006) and faces € .49,p < .001; see Table 1). Henaenderrole conformityis
expressed by different signals and there wasigmificant difference for voices and faces
providing information orgendefrole conformityin the overall sample: & -1.40,p = .081).

However, correlations of actual and perceived gexdaformity for voice and face
condition were different for makargets fioice = .14, ruce = .43,z = 1.83,p = .034) but similar
for female targets-{oice = .53,7/uce = .56,z = -.19,p = .423). Moreover, correlations of actual
and perceived gendeole conformity for female and male targets were only similar in face
condition ¢femate = .56,7mate = .43,z = .70,p = .241) but different in voice conditionyae =
.53, rmate = .14,z = 1.83,p = .034). Thus, voice seems to be a less valid signal than face for

male targets’ but not for female targets’ gender conformity.

/01-'&+0(75"#"0&%#+'&+0'
Which acoustic parameters are connected to percgemdefrole conformityin
women and mem voice condition? Do acoustic parameters mediate the effect of actual on
perceived gendewole conformity?
Correlations of Acoustic Characteristics and Perceived Gender-Role Conformity
Which acoustic characteristics are associated with perceived geteleonformity?

Given the previous results that voice was a weak signal for male targets’ gendefrole

VO
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conformity, we expected null findings for male targets. However, male targets were perceived
as more gender conforming the lower their lower fundaméeigliency boundary, mean
fundamental frequency, and F2 in /a:/. In contrast to perceived sexual orientation and contrary
to expectations, male targets’ acoustic correlates of perceived gendefrole conformitywere
clearer. Female targets were perceivethase gender conforming based on their voices the
more expanded their vowel spaces, the more their vowel spaces were directed to the bottom
(mean F1, higher F1 in /a:/) and to the front of the mouth (mean F2, higher F2 in /a:/, higher
F2 in /1/), and the higher their mean fundamental frequency (see Table 3). These findings
parallel those of perceived sexual orientation of female targets (except for F1 in /o/ and lower
fundamental frequency boundary that are not shown to be acoustic correlates of perceived
genderrole conformity). Taken together, while the acoustic pattern of percgemderrole
conformityalmost mirrored that of perceived sexual orientation for female targets, the pattern
was more convincing for male targets. Hence, further analyses cefemaale in addition to
female targets’ acoustic parameters.
Regression of Perceived Gender-Role Conformity on Acoustic Characteristics

To test which acoustic parameters are most important for perceived geleder
conformity in voice condition, we regressed perceived geralerconformity based on
voices on acoustic parameters that were found to correlate with perceivedgpéader
confamity for female (vowel space expansion, mean F1 and F2, F1 and F2 in /a:/, F2 in /1/,
meanfundamental frequengynd male targets (vowel space expansion, F1 and F2 in /a:/).
Hence, separate regression models using the stepwise inclusion of acoustetqraramre
computed for female and male targets.

For female targets in voice condition, the overall regression model was significant,

F(3,31) =23.78p <.001, adj. R’ = .67. Female targets were perceived as more gender
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conforming based on voices, thgher mean F23 = .005,SE = .001, B = .49, p < .001),
meanfundamental frequendB = .025,SE = .005, p = .45, p <.001), and F1 in /a:/ (B = .004,
SE =.001, B =.33, p = .005).

For male targets, the overall regression model was significant ag{2I83) =
15.42 p <.001,adj. R? = .45. Male targets were perceived as more gender conforming based
on voices, the lower their lowérndamental frequendyoundary 8 = -.053,SE = .011, B =-
.59,p <.001) and F2 in /a:/ (B =-.002,SE = .001, B = -.29, p = .030). Lowerfundamental
frequencyboundary was twice as important as F2 in /a:/.

Mediation of the Effect of Actual and Perceived Gender-Role Conformity by Acoustic
Characteristics

For female target;1 in /a:/ (b = .17,SE = .08, Cls [.00, .02]), mean F& € .15,SE
=.10, ClIs [.03, .42]), and mednndamental frequendyp = .13,SE = .09, Cls [.02, .40])
were found to partially mediate the relationship between actual and perceivedgéader
conformity in voice conditionf¢r all direct effects: alb > .35, allSE < .16,no Cl spanned
0). The more gender conforming female targets described themselves, the more gender
conforming acoustic characteristics they produced (higher F1 in /a:/, mean F1, and mean
fundamental frequeay), and the more likely they were perceived as gender conforming.
When entering F1 in /a:/, mean F1, and mean fundamental frequendy one mediation model,
only mearfundamental frequencghowed a significant indirect effect and fully mediated the
relationship between actual and perceived gemdkr conformity = .17,SE = .08, Cls
[.05, .39]; indirect effects for F1 in /a:/ and mean F1: » <.12,SE > .11, all Cls spanned;0
direct effecth = .14,SE = .16, Cls .19, .46]).

For male targets, meanndamental frequencghowed the only significant indirect

effect partially mediating the relationship between actual and perceived geleler
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conformity. The more gender conforming male targets described themselves, the lower their
meanfundamental frequeng and the more likely they were perceived as gender conforming

(b = -.38,SE = .13, CI |..68,-.15]; direct effecth = .52,SE = .15, CI [.22, .82]).

Psychological Characteristics

Focusing on EPSOM’s “Psychological Characteristics” component, we ask which
psychological target characteristics lead to a perception as gender conforming. In line with
analyses for sexual orientation, we used correlation analyses first in ordesstdgutethe

most important psychological characterisfimsregression analyses.

71##%."&+19'(1:(3'4051.1$+0".(75"#"08%#+'&+0'("96/(3%#0% +Ab SHET YD E##&H

As for perceivedexual orientation, correlati@nalyses were done for the overall
sample and separately for the female and malesaniple in vaie and face condition.
Significance levels were left unadjusted for exploratory reasons again. Directions of all
significant correlations pointed in the same direction: Perceived gevidezonformity was
accompanied by gendeonform and heteronormatigeores on psychological characteristics
(see Table 3).

Those psychological correlates that were associated with perceived-gaeder
conformity in each signal condition and almost for all samples (overall sample, female sub
sample, and male stdample) were considered as most important again. Accordingtto tha
criterion, straight attraction index, Traditional Masculifigmininity Scale (TMF), group
affiliation to samegender straight people, and sexual orientation of sgenéder friends
turned out to be important correlates of perceived geraderconformiy. Additionally,
FeminineGendefRole Conforming BehaviqiGRB-F) and Childhood Genddtole

Conformity (CGRC) showed significant correlations with perceived gemdeiconformity.
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Although one characteristic from each of the four psychological classesgm#gant,
genderfrelated measures played the most important role in accompanying perceived gender

role conformity.

)%$#%"+19(1:(3%#0%+;%6( @AYRTAD: 1#,+&4(19(3'4051.1$+0".(75"#"0&%H+'&+0'

In order to test which psychological target charadiessvere most important in
predicting perceivedendefrole conformity we conducted gendseparate regression
analyses for voice and face condition by entering the psychological correlates found in the
previous correlation analyses (straight attractnolex, TMF, GRBF, CGRC, group
affiliation to samegender straight people, sexual orientation of sgeraer friends) using
stepwise inclusion of predictors.

For men, independent of signal condition, the overall regression models were
significant, bothF(1, 34) > 8.83, both p <.005, both adj. R?> .18. The straighter male targets
described themselves, the more gender conforming they were perceived by raters in voice and
face condition (botlB > .18, both SE < .06, both § > .45, both p <.005). Hence, only actual
sexual orientation influenced how men’s sexual orientation was perceived.

For female targets, the overall regression models were significant in voice and face
condition, both¥(2, 32) > 11.67, both p < .001, bothudj. R?>.39. Compared to male targets,
the prediction of perceived gend@le conformity resulted in a more complex picture. In face
condition, perceived gendeole conformity was explained by actual gendie conformity
on TMF B = .47,SE= .17, = .41, p =.009) and by group affiliation to straight womeh~
.26,SE =11, = .36, p =.021): The more gender conforming female targets described
themselves and the more affiliated to straight women they felt, the more likely they were to be

rated as gendeonforming by others in face condition. In voice condition, actual gemudier
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conformity on CGRCR = .55,SE = .13, B = .56, p < .001) and sexual orientation of female
friends B = .23,SE = .09, B = .34, p = .014) were most important. The more gender
conforming female targets described themselves and the straighter their female friends, the
more likely their voices were perceived as gender conforming.

Taken together, while perceived gendale conformity was predicted best by actual
sexual orientatio for male targets, for female targets actual genolerconformity in
combination with an actual sexual orientation related characteristics (e.g., sexual orientation
of samegender friends and group affiliation to sagender straight people) were most

important in explaining perceived gendele conformity.

Actual and Perceived Sexual Orientation and Gender-Role Conformity

We wanted to expand evidence for EPSOM’s indirect route, using mediation analysis.

2966+"8&+19(1:(&5%(<::%0&(1: (/0&-".(19(3%80%%6" (6% 9&" &+19(?4(3%#0%+;%8(@ %96 %t
)1.9%(719: 1#,+84

In order to further test EPSOM’s indirect route, we examined whether there is an
indirect effect of actual sexual orientation via perceived geralerconformity on perceived
sexual orientation. Henceve computed mediation analyses in order to determine whether
perceived gendewole conformity mediated the relationship between actual and perceived
sexual orientation for voice and face condition, respectively, using the same settings as
described abovdPerceived gendeaple conformity fully mediated the relationship between
actual and perceived sexual orientation in vaice,.01,SE = .00, CI [.00, .03]and face
condition,b = .04,SE = .00, CI [.02, .06], because the direct effects were not significant (both
b < .01, bothSE > .01, both Cls spanned)0The same pattern occurred when conducting

genderseparate analyses for voice and face condition, respectively (all indirect éffects:
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.01,SE <.01,no CI spanned;@ll direct effectsb <.01,SE > .00,no CI spanned)OHence,
it can be concluded that the straighter targets described themselves, the more gender
conforming they were perceived by raters which in turn led to a steaigbtception by

raters. This indirect effect was obtained independent of targets’ gender and signal condition.

2066+"&+19(1:(8&5%(<::%08&(1:(/0&-".(19(3%#0%+;%6 (*%=-".(>#+%9&"&+19(?4(/0&-".("96(3%#
@%96H % (719:1#,+&4

In order to additionally accotifior psychological characteristics as potential
mediators as proposed in EPSOM, we used actual gesléeronformity on Traditional
Masculinity-Femininity Scale (TMF) because it was shown to be one of the possible
mediators of actual and perceived sexar@ntation. Henceye tested combined indirect
effects of actual and perceived gendae conformity mediating the relationship of actual
and perceived sexual orientation for the overall sample as well as the female and male
subsample, respectively, agdparately for voice and face conditiarserial mediation
analysis

Full mediations of combined indirect effects of actuaperceived gendemle
conformity were found for face condition independent of the examined séafipgie> .004,
all SE < .010, no ClI spanned;ll direct effects: alb < .012, allSE >.01,no CI spanned)0
The straighter female and male targets described themselves, the more likely they rated
themselves as gender conforming, the more likely they were rated as gender conforming by
others in face condition, and the more likely they were to be rated afhsbyigthers based
on their faces. Combined indirect effects of actual and perceived geteleonformity
based on voices were found for female targets @my.007,SE = .003, CI [.00, .03]; direct

effect:» =.007,SE =.004, CI }.002, .016]) As cescribed for face condition, all effects
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pointed in the expected directions.

20066+"&+19(1:(8&5%(<::%08&(1:(/0&-".(19(3%#0%+;%6 (*%=-".(>#+%9&"&+19(2BUOEL".(@%96%
719:1#,+&4B(/01-'&+0(75"#"08%6#+ &+0'B("96(3%H#0%+ AOY@RHIANH &4
! B.&(++6@&" tated EPSOM’s overall indirect route by taking all mediating components
into account. Was the relationship between actual and perceived sexual orientation mediated
by psychological characteristics indicated by actual geralerconformity on TMF, implicit
signals that were represented by diverse acoustic parameters, and impressions related to
sexual orientation which were denoted by perceived gamtkeconformity? We computed
mediation models for perceptions based on voice condition only, because guansstieters
represented the “Implicit Signals” component. Furthermore, mediation analysis was restricted
to female targets, because mediations of actual on perceived sexual orientation via a) acoustic
parameters (see section “-%<.(1.7&"72">)1=(+"(&<"?%8pK#%F=(+"d5.%&1(1.7&"86"
B3V\IFKRORJLFDO &ddh) Bcrudl &hd pevcailed §enrdae conformity (see
section “-%<.(1.7&"72">)1=(+"7&"2%5)%.$%<"#%F=(+"d5.9%&1(1.7&"86">) 1=(+"(&<"?%5)%.$%
K%&<¥%BR O H & R Q) \wdeHduwd\for female targetslgn

Full mediations were found including mefamdamental frequengynean F1, F1 in
/a:/, F2 in /1/, and vowel space expansi@@l » >.0012, allSE <.0017,no Cl spanned;@ll
direct effects: alb <.0069, allSE >.0042,all Cls spanned)0The straighter female targets
described themselves, the more likely they described themselves as gender conforming, the
more likely they produced gender conforming acoustic parameters (nigla@fundamental
frequencymean F1, F1 in /a:/, F2 in /1/, and greater vowel space expansion), the more likely
they were perceived as gender conforming, and the more likely they were to be perceived as

straight.
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Discussion

In Experiment 2, we focused on the interrelations of EPSOM’s “Impressions Related
to Sexuarientation” component with other mediating components and its mediatory
function on the indirect route transmitting actual to perceived sexual orientation. Regarding
the “Implicit Signals” component, gendeple conformity is expressed and perceived by
different signals, but voice seems to be a weak signal for male targets. Moreover, there were
some mostly important acoustic correlates of perceived gealdeconformity for female
(mean F2, meafundamental frequen¢ynd F1 in /a)/and male target§undamental
frequencyboundary, F2 in /a)f meanfundamental frequenayediated the relationship
between actual and perceived sexual orientation completely for female targets and partially
for male targets. Hence, male targets’ voices do carry information about their genderole
conformity.Regarding the “Psychological Characteristics”-component, actual sexual
orientation was the most important psychological correlate of perceived getaler
conformity for male targets. For female targets, actual gemdieiconformity combined with
a characteristic linked to actual sexual orientatg@x(al orientation of sargender friends
and group affiliation to samgender straight people) explained perceived geraler
conformity.

There were several pieces of evideon the mediatory function of the “Impressions
Related to Sexual Orientation” component. Perceived gendete conformity mediated the
relationship of actual and perceived sexual orientation when included as a single mediator (for
female and male targebased on vocal and facial signals), when included in combination
with actual genderole conformity representing th®sychological Characteristics”
component (except for male voices), and when testing EPSOM’s overall indirect route by

adding acoustiparameters indicating the “Implicit Signals” componentThe straighter
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female targets described themselves, the more gender conforming they described themselves,
the more gender conforming acoustic parameters they higge(meanfundamental
frequencymean F1, F1 in /a:/, F2 in /1/, and greater vowel space expansion), the more gender
conforming they were perceived based on their voices, and the more likely they were to be
judged as straight. Hence, several acoustic parameters were able to mediatgaihe sex

orientation signal.

General Discussion

Why and how are people able to judge others’ sexual orientation with above-chance
accuracy? We introduced the expression and perception of sexual orientation model (EPSOM)
that details under which conditions people are able to express their sexualiorieandt
perceive it from others thereby integrating a majority of findings from corresponding
research. Proposing an indirect route, EPSOM refers to three components mediating the
relationship between actual and perceived sexual orientation: Actual seemdhtion is
related to severalsychological characteristics (e.g., actual gendeole conformity) which are
in turn linked toimplicit signals (e.g., voices and faces) that are decodethg@ssions
related to sexual orientation (€.9., perceived gendeole conformity) which are used to
perceive sexual orientation. We answered open questions on the mediating components and
tested their mediatory function in isolation and in combination in two experiments using
female and male targets. Raters judgegetal sexual orientation based on voices, faces, and
their combination (Experiment 1) and targets’ gender-role conformity based on voices and
faces (Experiment 2).

Focusing on the “Implicit Signals” component proposed by EPSOM, actual sexual
orientation wa judged correctly with above chance accuracy for voice, face, and voice+face

signals. Hence, our findings supported previous research that faces carry sexual orientation
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information also in noiU.S. countries (see Valentova & Havli¢ek, 2013). By using facial
photographs taken under standardized conditions in our lab, we provided further evidence that
picture inherent quality differences do not account for above chance accuracy in sexual
orientation detection (Rule & Ambady, 2008; Rule et al., 2008; buCm®eet al., 2015) and
avoided any ethical concerns because targets consented to participation. Supporting previous
evidence, there was a gender difference for facial and combined signals: Faces were better in
signaling female compared to male sexualraagon (Tabak & Zayas, 20187&3"%1"(+0G"
2014) and combined stimuli led to an improvement of accuracy compared to single signals for
male but not female targets (Rieger et al., 2010). When faces are such a good signal for
female sexual orientation thabices contribute no additional information, then acoustic
parameters should be unrelated to perceived sexual orientation of women. Hence, future
research could shed some light on whether voices and faces indeed contain conflicting
information on sexual @ntation.

In contrast to previous findings (Valentova & Havlicek, 2013), faces carried more
sexual orientation information than voices and judgments about sexual orientation based on
one signal could be used to deduce judgments based on another sggesdtiag that sexual
orientation information is spread across signals instead of adfadehis inconsistency in
findings could be explained by a possibly different relative informational richness of vocal
and facial stimuli in the studies. Whereas waorcal stimuli were all standardized by recording
the same single sentence for every target leaving little space femiditadual differences
(vs. 20s excerpt of a read text used by Valentova & Havlicek, 2013), we used faces with high
ecological validiy (vs. faces with removed hair style, facial jewelry, and earrings by
Valentova & Havlicek, 2013). However, it is unclear how the different signals have to be

composed and standardized so that they contain a comparable amountin€livigual
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information. Hence, we recommend future research to further investigate implications of
relative richness of information on sexual orientation detection in more detail.

Keeping the focus on EPSOM’s “Implicit Signals” component, but turning from signal
comparisons to signal inherent characteristics, we found different acoustic correlates of
perceived sexual orientation and gendse conformity for female and male targets. Whereas
) LQ D+ ZDV IRXQG AVR (&LH)TMBK.J) 78I+ (A617R" A%5)%. $%<"3%F=(+"
75.%8&1(1.7&"275"2% @ (+%"1(5J%13G"&7") 7&$.&).&J"()7=31.)") 755%+(1%"D(3"31D&"275"@
contrast, more acoustic correlates were shown regarding perceived-ggademformity for
female (nean F2, maafundamental frequenc¢ynd F1 in /a)/and male target§undamental
frequencyboundary, F2 in /a)/ Although we used sentences instead of series of single words,
we conclude, in line with Munson (2007), that aurally perceived sexual orientation and
gerderrole conformity are two different constructs, because they are cued by different
acoustic parameters. Going a step further, our findings suggest that perceiveergiender
conformity is better acoustically represented than perceived sexual orientdtiol,
supports the structure of EPSOM by linking implicit signals and perceived sexual orientation
using impressions related to sexual orientation.

Turning to EPSOM’s “Psychological Characteristics” component1*%".@A751(&)%"72"
1%9%6"A36)*7+7J.)(+") 75388+122%5%<"8(3%<"7&" I%&<%50"M*%5%(3"() 1=(+"3%F=(+"75.%&1
@731".@A751(&1"A5%<.)1.8J"A%5)%.$%<"3%F=(+"75.%&A11 &) T&RTBGELHE75" @ (+%"
1(53%13".&<%A%&<%&1"72"3.J&(+")7&<.1.7&G"1*%"A.)1=5%"D(3"@75%") 7T @A+%F"275"2%
>+1*¥7=J% 1"<%A%&<%<"7&"A%5)%AL.7&"(&<"3.J&(+"D*.)*"3A%).2.)"A36)*7+7J.)(+") 755%+(10
%FA+(.&%<"@731"$(5.(&)%G"()1=6TI%QIB75@.16"D(3"I%E&%5(++6" @ 75%". @A751(&1"27
A%5)%.$%<" JUBRPHB)78275@.16"1*(&"A%5)%.$%<"3%F=(+"75.%&1(1.7&0"M.1*'2%D"%F) %
#6+$("%1"(+0G"LQIQZ"-(&&G"LQILUG"1*0%65%".3"&7"5%3%(5)*"7&"D*.)*"A36)*7+7J.) (+"1(51%

\WAY



i‘#$%&&'()*+),*-%$.%#/'()*(0*1%“2+3*4$‘%)/+/'()*5('E%3 * * * * * x ¥

)*(5()1%5.31.)3"+%(<"17"c=<J@%&13"(3"315(.J*1%5"(&<"J%&<%5") 7&275@.&JG"(+1*7=J*"1"
72"%$.<%&)%"7&"A36)*7+7J.)(+") 755%+(1%3"72" () 1=(+"3%F=(+"75.%&3Y4 FR3BXH )% G " 2=
)7&3.<%5.&J"71*%5"A733.8+%")*(5()1%5.31.)3"D7=+<"%FA(&<"|&7D+%<J%"7&"1*.3"a=%31.

Regarding EPSOM’s “Impressions Related to Sexual Orientation” component, we
showed that information about gendgete conformity was successfully transmittegdfemale
and male targets’ faces and female but not male targets’ voices. Corresponding to findings on
perceived sexual orientation, we provided supporting evidence (Rieger et al., 2010) that
targets who were judged by the means of one signal were satgohder conforming based
on another signal.

Beside the single EPSOM components and their interrelations, the core of EPSOM is
how actual sexual orientation is transmitted to perceived sexual orientation. We provided
several pieces of evidence that psyolatal characteristics, implicit signals, and impressions
related to sexual orientation explained the association of actual and perceived sexual
orientation in isolation and combination. This was particularly true for female targets. Most
importantly, findngs supported the overall indirect route proposed by EPSOM for female
targets: Higher selfated straightness led to higher gerade conformity which in turn was
mirrored by different more gender conforming acoustic parameters (mgtafundamental
frequencymean F1, F1 in /a:/, F2 in /1/, and greater vowel space expanyiahich raters used
to draw conclusions about targets’ gender-role conformity that was in turn used as an
indicator of targets’ sexual orientation. The null finding that the “Implicit Signals” component
did not mediate actual and perceived sexual orientation for male targets could be due to
limiting acoustic parameters to intonational and vowel space characteristics. Although men
who described themselves as gerctarforming showed some gendemforming speech,

the stereotypéruth of sexual orientation for vocal signals was found to be low in line with
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previous research (Kachel et al., 2017a) because actual sexual orientation explained only 12%
of perceived sexual orientation in voices. Maykigeo parameters commonly discussed in

research on acoustic correlates of men’s actual and perceived sexual orientation such as

features of the /sgound, durational measures, or voice quality characteristics (see review by
Munson & Babel, 2007) were bettarited for signaling men’s sexual orientation. Because we

tested EPSOM using speebhsed evidence only, future research should test whether specific
signals inherent in faces or other implicit signals are able to transmit female and male targets’
sexualorientation.

The present study contains some limitations. When rating sexual orientation, signals
of female and male targets were presented mixed up instead of blockwise. Hence, the concept
of sexual orientation which depends on gender was not congieastlyit in raters’ minds but
had to be re&ctualized over and over again. This possibly accounts for low accuracies and
response biases in voice signals. Moreover, our study included targets who were either
lesbian/gay or straight. Although faces of bisaxpeople were judged similar to those of
lesbian/gay peopléing & Rule, 2012) future studies should test whether EPSOM is able to
transmit bisexuality. Moreover, given the target sample size, we were able to detect only
moderate to large effects. Usiadarger sample would allow future studies to detect even
small effects.

Taken together, integrating several previous findings, EPSOM may provide a valuable
framework for understanding and explaining, how people express their sexual orientation and
howit is perceived by others using different implicit signals such as voices on a telephone or

facial photographs in social network media.
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Table 1. Bivariate Correlations of Actual Straighthasd Perceived Straightness (Experiment 1)
and Perceived Gend&ole Conformity (GRC, Experiment 2) in the Whole Sample (Below
Diagonal) and Gende3eparated SuBamples (Above Diagonal, Female/Male).

Actual Perceived straightness PerceivedsRC
Straight Voice +
ness GRC Voice Face face Voice Face
Actual
Straightnes: .53/.43 38/.41  .56/.52  .54/.62 (.31)/45 .56/.54
GRC 43 (.31)L34  .57/.38  .55/47 .53/(.14)  .56/.43
Perceived straightness
Voice 35 27 41/37  .47/.63 .74/.778  .35/(.21)
Face 52 47 35 .98/.92 41/.43 .88/.72
Voice + face .56 50 54 96 .46/.64 .89/.70
Perceived GRC
Voice 39 32 .62 40 52 .35/.35
Face 54 49 .26 81 81 34

Note. Correlations for the whole sample are presented below the diagonal (n = 72; for correlations involving
perceived gendewole conformity n = 71)z = 36 for female and male stgamples; for correlations of the female
subsample involving perceived gendeale conformityn = 35. Abbreviations: Gendeole conformity (GRC).
Actual straightness refers to straight attraction index. Higher scores fat antuperceived straightness
indicating a higher degree of straightness. Actual GenCon refers to Traditional Masdtdimiiyinity scale.
Higher scores for actual and perceived GenCon indicate higher geteleonformity. All correlations are
statistially significant at a. < .05 except for those in parentheses.
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Table 2. Regression Analyses of Perceived Straightness in Combination Condition on Perceived
Straightness in Face and in Voice Condition for the Whole Sample, FemaaSyile, and
Male SubSample in Experiment 1.

Whole Female sub Male sub
sample sample sample
Step 1
Adj. R? 91 97 .85
Modelk F 744.78 983.73 195.88
specific  (df1, df2) (1, 70) (1, 34) (1, 34)
p <.001 <.001 <.001
B 1.02 97 1.12
Face SE .04 .03 .08
(predictor
p <.001 <.001 <.001
Step 2 R?*-change .05 .01 .10
F 84.23 7.16 59.32
(@1, 4f2)  (1,69) (1, 33) (1, 33)
p <.001 011 <.001
Adj. R? .96 97 .94
Model F 857.28 584.61 295.59
specific  (df1, df2) (2, 69) (2, 33) (2, 33)
p <.001 <.001 <.001
B .94 .93 97
Face SE .03 .03 .05
(predictor
specific) B .88 .95 .80
p <.001 <.001 <.001
B 40 .29 44
Voice SE .04 11 .06
(predictor
p <.001 .011 <.001
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Table 3. Bivariate Correlations of Acoustic Characteristics and Perceived Straightness
(Experiment 1) in Voice, Face, and Voice+Face Condition, and Perceived Gtolder
Conformity (Experiment 2) in Voice and Face Condition for Male (M) and Female (F) Targets.

Perceived gender
role conformity in

Perceived straightness in... voice
voice voice+face
ML = Ve = ml =

Vowel space characteristics

space ex\;g‘r’]ﬁ'o -04) 37 (07) .40 (.05) 47

Mean F1  (.17) .57 (.06) (.31) (-.05) 54

Mean F2 (-.22) .48 (-.24) (.20) (-.26) .62

/a:/F1  (.06) .63 (-.01) .51 (-.112) .55

fa:/ F2 (-.22) .34 (-20) .36 -38 52

WF1  (-15) (-01)  (-.22) (-.18) (-.17) (.07)

WEF2  (-11) 42 (-.08) (.09) (.00) .56

/ol F1 37 35 (.30) (.05) (.16) (.32)

/o/ F2  (-.06) (.30) (-.14) (-.06) (-.08) (.26)
Fundamental frequency characteristics

fOmean (-.24) .37 (-.07) (.26) -.50 47

fosD  (.21) (-.33) (.29) (-.02) (.27) (-.05)

f0 2.8"percentile  -47 .35 (--32) (.05) -.64 (.14)

f0 97.8" percentile  (.13) (-.05) (.25) (.09) (.22) (.02)

Note. All correlations are statistically significant@t .05 except for those in parentheses. >885%%$.(1.7&3E"B!""2.531"
275@(&1UG"BL" 3%)7&<"275@(&1UG"(&<"2Q" 2=&<(@%&1(+"25%a=%&)6U0

1n=36.2n=35.
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Table 4. Bivariate Correlations of Psychological Characteristics and Perceived Straightness (Experiment 1) in Voicd,\Face+&ace Condition, and

Perceived GendédRole Conformity (Experiment 2) in Voice and Face Condition for the Overall Sample (All), the Male (M) and the Fern8em§ué

(F).
Perceived straightness in... Perceived gendeable conformity in...
... voice ... face ... Voicetface . voice ... face
Allt M2 F2 Allt M2 F2 Alll M?2 F2 All3 M?2 F All? M2 F*
Actual gender-role conformity
TMF 27 34 (31) 47 38 57 50 .47 55 32 (14) .53 49 43 56
GEPAQF .44 (19) (05  (21) .45 (.09) 28 49 (11)  (.00) (.18) (-.00) 24 52 (11
GRBF (.23) (.04) (.20) 37 47 (.29) 39 42 (31 24 (23) 31 41 37 4
Childhood Gende
Role Conformity (14) (.28) (.29) 32 50 (.27) 35 58 (.27) 49 38 .59 33 .49 (.27)
Social group affiliation
Se'f'LeSb'a”fT/]geﬁ (.14) (.16) (.19) 46 52 .44 46 51 44 25 (28) (.23) 50 52 .48
Self- Straight
women/mer 37 (.29) 42 48 36 .59 49 39 S7 37 43 35 52 .50 .53
Social environment
Contact to boy:
during childhooe 19 37 (15)  (05) 50 (07)  (03) 55 (07)  (22) (32) (3D) (09) .46 (.17)
Contacttogirle o 43y (10)  (17) (19) (08)  (22) (19) (07)  (09) (19) (21)  (19) (.22) (.07)

during childhooc

RN



I"HBY6&E ()F+),*-%$. %64/ ()*(0*1%" 2+3*4$'%)/+/'()*5¢%3
*

Gender distribution ¢

tiends (14 (07) (19)  (06) 39 (-23)  (10) .34 (-20)  (22) (22) .26 (15) .37 (-12)

Sexual orientation ¢
samegender friend: 30 36 .38 40 47 .39 44 .56 .38 32 (.26) .39 38 .50 27

Contact tc
lesbians/gay me 33 41 (.28) 29 34 (.27) 33 41 (.26) 26 (.25) .37 31 (.28) (.24)
Contact to straiglr

women/mer (.16) (.04) .34 31 46 (.19) 34 43 (.23) 33 (.00) (.16) (.06) .50 (.12)

Note. For all psychological characteristics, positive scores indicate gesmuior straightnessonform characteristics and negative scores vice versa. All psychological characteristics with
slashes referred to female groups for female participants and roaps fpr male participants. All correlations are statistically significant at a < .05 except for those in parentheses.
X5(<.1.7&(+"-(3)=+.&:B86@.&.&.16" X-BUG"B%@.&.&.16"3) (+%"72"1*%"K%5@(&"IF1%&<%<"?%537 &(+.16">115.8=1 BB RHAGBRE.. B&RR . BY o W 7 3L * 06 BPASL R * ($. 75"
"KSP:BUG"(&<"/*.+<*77<"K%&%6%"P%*($.75" /KS/UO

1py=722n=36.n=713n=235.
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Figure 1. Expression and Perception of Sexual Orientation Model (EPSOM).
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Figure 2. Means for Sensitivity d’ for each Signal Condition by Gender. More Positive d’ Scores Indicate

more Correct Classification of Targets’ Sexual Orientation. Error Bars Show Standard Errors of Means.
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Figure 3. Mediation of the Effect of Actual on Perceived Sexual Orientation by F1 and &2 fior/

Female Targets in Voice Condition.
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Response bias analysis

Results for the response bias C are illustrated in Figure 3 and indicate that in every
condition there was a strong bias to respond straight. There was an inteF{&i@%®) = 15.44,
p<.001, !p=.24, as well as main effect of signal conditib(g, 99) = 83.53p < .001, !p=

DQG WDUJHMWNG) J49@% &.001, !, =.33. Simpleeffects tests with
Bonferroni adjustment revealed that for male targets the tendency to judge targets as straight
decreased from voice over face to comaliion conditionf(2, 99) = 30.44p < .001, !, = .38
(all pairwisepV "7 . For female targets the bias to respond straight was stronger in voice
condition compared to face and combination conditt@g, 99) = 72.04p < .001, !, = .59(both
pairr-wisepV " | but there was no difference between face and combination congiion
wisep = .237) However, the tendency to judge targets as straight was significantly stronger for
female targets in each signal condition compared to tagjets, alF . p'DOO
.033,all Iy « (all pairwisepV " . Hence, results on response bias between signals
separated for female and male targets mirrored findings for accuracy of implicit signals proposed
by the EPSOM. While accacies for male targets increased from voice over face to combination
condition and bias to respond straight decreased, for female targets higher accuracies in face

including conditions than in voice condition were accompanied by a lower straight reb@mse

+,%%&-./",01',0'2&03&%,-&'+,06,%7"/8' !

M"#$"%&™()"™*"# +-."(/-*0-#1%23(%*(4%00"#"*2(/-*'%206-*5
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Is actual sexual orientation (gendesrole conformity linked to perceivedgendesrole
conformity (or sexual orientation)? This is indeed the case (see Table 1): The straighter targets
described themselves, the more likely they were perdeas genderonforming based orfaces
(r =.54,p<.001) and voices & .39,p = .001); the more gender conformitaggets described
themselveshe straighterthey were perceived based faces ( = .47,p < .001) and voices &
27,p=.022;z=-1.62,p = .053). Hence, actual sexual origtndn was reflected in perceived
genderfrole conformityand actuagendesrole conformitywas reflectedn perceived sexual

orientation.
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