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Cognitive mechanisms for recognizing high quality sexual rivals should facilitate the economical alloca-
tion of mating effort. Women compete to attract male investment, and previous studies have shown that
feminine voices are attractive to men. Here, we manipulated two sexually dimorphic acoustic parameters
in women’s voices, fundamental frequency and formant dispersion, by the same perceptual amounts and
explored the effects on attractiveness to heterosexual men in short- and long-term mating contexts. Fem-
ininity in both acoustic parameters was more attractive to men, especially in short-term mating contexts,
and formant dispersion had a larger effect than did fundamental frequency. We then explored the effects
of these manipulations on women'’s perceptions of other women'’s flirtatiousness and attractiveness to
men. Feminine voices were perceived as more flirtatious and more attractive to men, and women were
most sensitive to formant dispersion, the acoustic parameter that had the stronger effect on men’s pref-
erences. These results support the interpretation that women use vocal femininity to track the threat

Voice potential of competitors.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Among mammals, humans exhibit an extraordinary level of
paternal investment (Geary & Flinn, 2001). Consequently, women
exhibit extraordinarily intense competition for male investment
(Trivers, 1972). Over human evolution, female mating competition
appears to have been characterized predominantly by efforts to at-
tract mates. Although women engage relatively infrequently in
other forms of mating competition, such as rival-directed physical
aggression (Archer, 2009; Puts, 2010), they endeavor to look attrac-
tive (Cashdan, 1996; Schmitt & Buss, 1996), and they possess ana-
tomical traits, such as neotenous faces and body fat deposition on
the hips and breasts, that evidence design by male mate choice (re-
viewed in Puts, 2010).

Women’s voices may also have been shaped by men'’s prefer-
ences. Men and women differ by more than five standard devia-
tions in voice pitch (Baken, 1987), 3.5 times the sex difference in
height. Vocal sex differences are determined by multiple dimen-
sions of the vocal folds and supra-laryngeal vocal tract. Longer,
thicker vocal folds generate a lower rate of vocal fold vibration,
or fundamental frequency (Fp), the acoustic parameter most closely
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associated with pitch (Titze, 2000). The length and shape of the vo-
cal tract determine the formants: frequencies of high energy (Fitch
& Giedd, 1999). Longer vocal tracts produce lower, more closely
spaced formants, giving the voice a more resonant sound and fuller
timbre. Formant dispersion (Dy) is the average distance between
successive formants (Fitch, 1997). Because women have shorter,
thinner vocal folds and shorter supra-laryngeal vocal tracts (Fant,
1960), they have a higher Fy and Dy than men do.

Men’s deeper voices may have been produced by male contest
competition (use of force or threat to win mates: Evans, Neave, &
Wakelin, 2006; Hodges-Simeon, Gaulin, & Puts, 2010; Puts, Gaulin,
& Verdolini, 2006; Puts, Hodges, Cardenas, & Gaulin, 2007; Wolff &
Puts, 2010) and female choice (Collins, 2000; Evans et al., 2006;
Feinberg, Jones, Little, Burt, & Perrett, 2005; Puts, 2005). However,
male mate choice may also have produced or maintained higher,
more youthful-sounding voices in women. Indeed, several authors
have found that high, feminine voices are attractive to heterosexual
men (Apicella & Feinberg, 2009; Collins & Missing, 2003; Feinberg,
DeBruine, Jones, & Perrett, 2008; Jones, Feinberg, DeBruine, Little, &
Vukovic, 2008, 2010).

Men’s preferences for women’s voices may be context-
dependent. On the one hand, feminine voices could be preferred
more in long-term, committed mating contexts than in short-term,
sexual ones because competition for male investment (Cashdan,
1996) should favor feminine traits to attract this investment. On
the other hand, physical attractiveness tends to be more salient to
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men considering short-term, uncommitted relationships, whereas
men considering long-term relationships place greater weight on
parenting skills, honesty, intelligence, fidelity, and likeability (Buss
& Schmitt, 1993; Greitemeyer, 2007; Li, 2007). Although men lower
their standards in short-term mating contexts (Buss & Schmitt,
1993), their standards for physical attractiveness drop less than
their standards for other qualities (Kenrick, Groth, Trost, & Sadalla,
1993), perhaps because physical attractiveness reflects fertility
(Singh, 1995; Thornhill & Gangestad, 1999) or sexual availability
(see below), which men appear to value more highly in short-term
partners. Thus, men could prefer feminine voices more when judg-
ing women'’s attractiveness for short-term rather than long-term
relationships.

Feminine voices may also indicate sexual interest and
availability. Feminine voices are more attractive when verbal con-
tent indicates interest (Jones et al., 2008), and women’s vocal
attractiveness predicts their reported age of first sexual intercourse
and numbers of sexual partners, extra-pair sexual partners, and
sexual partners involved in another relationship (Hughes, Dispen-
za, & Gallup, 2004). Moreover, women with attractive, feminine
bodies report being more flirtatious, having more sex partners,
and are perceived as less faithful by observers (Mikach & Bailey,
1999; Singh, 2004), and women with attractive faces are perceived
as more promiscuous (Brewer & Archer, 2007) and are more open
to uncommitted relationships (Boothroyd, Jones, Burt, DeBruine, &
Perrett, 2008). Women'’s voices appear to increase in femininity
(Bryant & Haselton, 2009) and attractiveness (Pipitone & Gallup,
2008) near ovulation, when women are more interested in
interacting with men (Guegen, 2009; Haselton & Gangestad,
2006) and in extra-pair copulations (Pillsworth & Haselton,
2006), also suggesting a link between vocal femininity and sexual
interest.

If feminine voices are attractive to men and indicate sexual
interest and availability, then women should be sensitive to vocal
femininity when assessing possible competitors. To a woman com-
peting for male investment, attractive, sexually interested and
available women are potential threats worth monitoring. More-
over, information about the mate value of competitors can pro-
mote efficient allocation of mating effort toward attainable
mating opportunities. Evidence indicates that women are indeed
sensitive to the physical attractiveness of potential competitors.
For example, women perceive other women that they rate as
facially attractive to be greater threats to relationships (Brewer &
Archer, 2007) and judge greater facial or bodily attractiveness in
a rival to be highly distressing (Buss, Shackelford, Choe, Bunnk, &
Dijkstra, 2000). Women also rate themselves as less desirable part-
ners after viewing facial photographs of attractive women (profes-
sional models) (Gutierres, Kenrick, & Partch, 1999).

In the present study, we explored how women perceive the vo-
cal femininity of potential rivals for mates. Before doing so, we first
sought to:

(1) Replicate the finding that men prefer feminine voices.

(2) Investigate whether men'’s preferences for feminine voices
are greater when judging women'’s attractiveness for short-
term, sexual relationships or for long-term, committed
relationships.

(3) Examine the relative effects of Fy and Dy on these perceptions
by manipulating each acoustic parameter by the same per-
ceptual amount.

We then tested the following predictions about women'’s per-
ceptions of the threat potential of other women:

(1) Women will evaluate more feminine voices as being more
attractive to men.

(2) Women will evaluate more feminine voices as indicating
greater sexual receptivity and proceptivity (i.e., flirtatious-
ness).

(3) Women'’s evaluations will be influenced more strongly by
variation in the acoustic parameter with the greater effect
on attractiveness to men.

2. Material and methods
2.1. JND study

2.1.1. Participants

We recruited 20 male and 20 female university students (ages
18-30) through on-campus advertizing, word of mouth, and
announcements made in classes for a just-noticeable difference
(JND) study. We asked participants to report any hearing impair-
ments; none did.

2.1.2. Procedure

To explore the relative contributions of formant dispersion
(timbre) and fundamental frequency (pitch) to perceptions of
attractiveness and flirtatiousness, we needed to manipulate these
acoustic parameters by equivalent perceptual amounts. We there-
fore conducted a JND study (Marks & Gescheider, 2002). Although
other authors have determined JNDs for vocal parameters, JNDs
may vary according to the specific methods and stimuli of each
study (see Puts et al., 2007).

From another study, we obtained recordings of 160 women
(20.43 years * 1.53) reading the first six sentences of the Rainbow
Passage (Fairbanks, 1960) in an anechoic, soundproof recording
booth into a Shure SM58 vocal cardioid microphone. A curved wire
projection from the microphone stand kept the participant’s mouth
a standard 9.5 cm from the microphone. Voices were recorded in
mono at a sampling rate of 44,100 Hz using Goldwave software.

We divided recordings into the following clips (mean dura-
tion =4 s): (1) “When the sunlight strikes raindrops in the air, they
act as a prism and form a rainbow”. (2) “The rainbow is a division
of white light into many beautiful colors”. (3) “These take the
shape of a long round arch, with its path high above, and its two
ends apparently beyond the horizon”. (4) “There is, according to
legend, a boiling pot of gold at one end”. We selected four voices,
each reading a different segment, and chose recordings that were
articulated clearly, without unnecessary pauses.

We manipulated each voice in both Fy and Dy using Praat voice
analysis software v5.1.20. Fy was manipulated in 18 (nine raised,
nine lowered) increments of .05 equivalent rectangular band-
widths (ERB, Stevens, 1998), while Dy was manipulated in 18 incre-
ments of .25%. Fy manipulations ranged from .05 to .50 ERB, and Dy
manipulations ranged from 1.25% to 3.25%. We measured voice
manipulations using Praat to ensure accuracy and precision and re-
peated unsatisfactory manipulations. All F, manipulations were
within .01 of the expected ERB, and all Dy manipulations were
within .09% of the expected shift. Next, we measured each manip-
ulated voice for the parameter that we did not intend to manipu-
late (i.e., we measured Dy in voices manipulated in Fy and Fo in
voices manipulated in Dy) to ensure that the secondary parameter
was not altered. If this secondary parameter was shifted slightly
during the manipulation, then it was manipulated back. When Dy
was the manipulated parameter, Fy shifts did not differ signifi-
cantly from zero (beta=.089, t=-.553. p=.583); when F, was
manipulated, Dy shifts did not differ significantly from zero
(beta =.025, t =.145, p = .886).

We created the study interface using the stimulus presentation
software Superlab v4.0. We paired each voice clip with the clip equi-
distant from the null (e.g., we paired a speaker’s +.35 ERB clip with
that speaker’s —.35 ERB clip). Voice pairs were counterbalanced so
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that half of the time the lowered voice was played first, and half
of the time the raised voice was played first. Each rater listened to
all voice pairs and indicated whether he or she could hear a differ-
ence between the two voices. To analyze the results, we tabulated
every rater’s response for a given equidistant pair, and then
summed the totals for men and for women. Because there were
no sex differences in responses, we pooled data from both sexes.
We then interpolated the JND using the best-fit line for the two
manipulation points above and below a 50% detection rate. For Fo,
the JND was 0.215 ERB, and for Dy, the JND was 5.53%.

2.2. Main study

2.2.1. Participants

We recruited 63 male (mean age: 19.7) and 46 female (mean
age: 18.8) university students through the university’s psychology
department research subject pool (age range = 18-29; sex differ-
ence: tiox =2.89, p=.005). We asked participants to report any
hearing impairments; none did. Participants completed a question-
naire targeting sexual orientation using the Kinsey scale (Kinsey,
Pomeroy, & Martin, 1948). We retained the data of participants
with Kinsey scores of 0-2 (0 = exclusively heterosexual, 6 = exclu-
sively homosexual) on both the Kinsey Attraction and Fantasy
scales for further analysis. Two women and one man did not meet
these criteria, and one woman and three men did not answer these
items. Results did not differ significantly if we included all partic-
ipants in the analyses.

2.2.2. Procedure

We selected 72 voice clips from the same set of voice recordings
and used the same criteria as in the JND study (articulated clearly,
without unnecessary pauses), except that we used segments 1, 2,
and 4 from the Rainbow Passage above, and the fourth segment in-
cluded an additional sentence to make the stimuli more similar in
length (mean length: 5.5 s): “People look, but no one ever finds it”.
We raised and lowered 36 voice clips by one JND in Fy, and the
remaining 36 voice clips by one JND in Dr. We checked stimuli
for accuracy and precision (manipulating back the secondary
acoustic parameter, if necessary) using the procedures and criteria
described above. Fy manipulations did not differ significantly from
target values (mean difference =.0001, t7; =.14, p=.891), and Dy
was not shifted significantly in the process (mean difference from
zero =.236, t71 = —.18, p =.855). Dymanipulations did not differ sig-
nificantly from target values (mean difference =.367, t7;=.43,
p=.671), and Fy was not shifted significantly in the process (mean
difference from zero =.292, t7; = 1.52, p=.133).

We split stimuli into two equal sets, each containing 18 mascu-
linized vs. feminized Fy pairs and 18 masculinized vs. feminized Dy
pairs. We randomly assigned each participant to one stimulus set.
Order of voice presentation (feminized or masculinized first) was
counterbalanced within sets. Male participants evaluated voices
on attractiveness for a short-term, sexual relationship and a
long-term, committed relationship. Female participants evaluated
voices on their attractiveness to heterosexual men and flirtatious-
ness. Order of presentation of the questions on which participants
evaluated was counterbalanced across participants. Participants
evaluated using a scale of 1-8, where 1 represents the strongest
choice of the first voice, and 8 represents the strongest choice of
the second voice.

2.2.3. Data treatment

After data collection, we recoded reverse-scored items so that a
response of 1 represented the strongest choice of the masculinized
voice, and a response of 8 represented the strongest choice of the
feminized voice. We then calculated each participant’s average

preference for femininity across all items. A value of 4.5 would rep-
resent no overall preference for masculinity or femininity.

3. Results
3.1. Men

We analyzed men’s data using repeated-measures ANOVA with
two factors (acoustic parameter, characteristic assessed), each with
two levels (Fg vs. Drand short- vs. long-term attractiveness, respec-
tively). In general, men preferred feminized female voices (Fig. 1).
Dy had a significantly larger main effect than did Fy (F; 55 =45.70,
p <.0001). Vocal femininity affected short-term attractiveness
more than it did long-term attractiveness (F; sg = 15.33, p <.001).
Post-hoc repeated-measures ANOVA revealed that Fy and Dy indi-
vidually had significantly larger effects on short-term attractive-
ness than they did on long-term attractiveness (Fy: Fy5g=17.08,
p <.001; Dy: Fy 58 =9.78, p <.003). Short-term and long-term attrac-
tiveness were both significantly more strongly related to D than to
Fo (Dy: Fy 58 =26.47, p <.0001; Fo: F; 58 = 23.98, p <.0001).

Men preferred a feminized F, for short- but not long-term rela-
tionships (one-sample t-test against null value of 4.5: short-term:
tsg = 6.63, p <.0001; long-term: tsg = 1.52, p =.133). Men preferred
a feminized Dy for both short- and long-term relationships (one-
sample t-test against null value of 4.5: short-term: tsg=9.23,
p <.0001; long-term: tsg = 5.22, p <.0001).

3.2. Women

We analyzed women’s data separately using repeated-measures
ANOVA with two factors (acoustic parameter, characteristic as-
sessed), each with two levels (Fy vs. Dy and short- vs. long-term
attractiveness, respectively). Overall, vocal femininity did not affect
ratings of attractiveness more than flirtatiousness (F;4;=2.23,
p =.143). However, post-hoc repeated-measures ANOVA revealed
that Fy had a marginally significantly larger effect on flirtatiousness
than it did on attractiveness (F; 42 =4.03, p=.051), but Dy did not
differently affect attractiveness and flirtatiousness (F; 4, =0.62,
p=.436). Dy had a significantly larger main effect than did Fo
(F142=37.61, p<.0001). Attractiveness and flirtatiousness were
both significantly more strongly related to Dy than to Fy (attractive-
ness: F; 4 = 25.25,p <.0001; flirtatiousness: F; 4, = 35.73,p <.0001)
(Fig. 2).

Women perceived voices feminized in either Fy or Dy as more
attractive to men (one-sample t-test against null value of 4.5: Fy:
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Fig. 1. Results for men. Formant dispersion had a larger overall effect than
fundamental frequency. Vocal femininity had significantly larger effects on short-
than on long-term attractiveness. *=Choice of feminized voices significantly
greater than chance (p <.0001).
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Fig. 2. Results for women. Formant dispersion had a larger overall effect than
fundamental frequency, and femininity had effects on both attractiveness and
flirtatiousness but more so on flirtatiousness. * = Choice of feminized voices
significantly greater than chance (p <.0001).

ty3=4.38, p<.0001; Dy: t43=8.44, p<.0001) and more flirtatious
(one-sample t-test against null value of 4.5: Fy: t43=28.01,
p <.0001; Dy: t43=14.09, p <.0001).

4. Discussion
4.1. Attractiveness to men

This paper replicates previous findings (Apicella & Feinberg,
2009; Feinberg et al., 2008; Jones et al., 2008, 2010) that feminized
female voices are more attractive to men than are masculinized
voices. Under no condition was a masculinized pitch favored, and
in three of four contexts, a preference for feminized voices was sta-
tistically significant. Only for F, manipulations and a long-term
mating context was the trend for men to prefer a more feminine
voice not statistically significant.

The female voice could serve as a cue of youth and fertility
(Collins & Missing, 2003). Given the comparative neoteny of
women’s features (Jones & Hill, 1993; McArthur & Berry, 1983)
and the tendency for men to prefer younger partners (Buss, 1989),
it is a reasonable hypothesis that intersexual selection maintained
high, youthful-sounding voices in women. In contrast, intrasexual
dominance competition may have shaped men’s deeper voices
more strongly than did female preferences (Hodges-Simeon et al.,
2010; Puts et al., 2006, 2007; Wolff & Puts, 2010).

4.2. Mating context

This paper presents several novel results. Ours is the first study
of which we are aware to explore the effects of mating context on
men’s preferences for women’s voices. Men exhibited stronger
preferences for vocal femininity in short-term than in long-term
mating contexts. Moreover, Fo and Dyindividually had significantly
larger effects on short-term attractiveness than they did on long-
term attractiveness.

This effect of mating context is illuminating. Assuming that wo-
men compete to gain male investment (Cashdan, 1996), sexual
selection should favor traits in women that attract this investment;
a feminine voice might be one such trait. If so, then one might pre-
dict that feminine voices would be preferred more in long-term,
committed mating contexts than in short-term, sexual ones.

One might also predict the opposite. This is because a number of
considerations beyond physical attractiveness, such as personality,
intelligence, parenting ability, and fidelity (Buss & Schmitt, 1993;
Greitemeyer, 2007; Li, 2007; Little, Cohen, Jones, & Belsky, 2007;

Regan, Levin, Sprecher, Christopher, & Cate, 2000) go into selecting
a long-term mate, whereas signs of fertility (Singh, 1995; Thornhill
& Gangestad, 1999) and sexual availability (Hughes et al., 2004)
may be of predominant importance to men selecting short-term
partners. Men’s mating standards, including standards for physical
attractiveness, apparently decline for short-term relationships rel-
ative to marriage (Kenrick et al., 1993). However, whereas men re-
ported that attractiveness was of comparable or lesser importance
than agreeableness and emotional stability for marriage, attrac-
tiveness was the most essential mate choice criterion for a “one-
night stand” and “sexual relations” (Kenrick et al., 1993). Men
may accept a less attractive woman as a short-term partner com-
pared to a marriage partner (i.e., their standards are lower), but
their choice of short-term partners is more dependent upon the
woman’s physical attractiveness (i.e., their preference is stronger).
Otherwise put, the relative importance of physical attractiveness
is greater in short-term contexts.

Women’s voices may nevertheless have evolved to obtain male
investment. In the present study, vocal femininity increased wo-
men'’s attractiveness as long-term mates. In addition, it is possible
that feminine voices increased male investment ancestrally by
enticing men to consider sexual relationships, given that such rela-
tionships can lead to long-term relationships and investment.
These results thus shed new light on how men choose and women
compete for mates.

4.3. Effects of Fo and Dy

We also explored the relative effects of Fy and Dy on attractive-
ness to men and threat potential to women. We accomplished this
by manipulating F, and Dy by the same perceptual amounts
(increasing and decreasing voice clips by one JND in each acoustic
parameter). We found that both Dyand F, contributed significantly
to perceptions of attractiveness and flirtatiousness, but that Dy
made a larger contribution. For male listeners, short-term and
long-term attractiveness were significantly more strongly related
to Dy than to Fy. For female listeners, attractiveness and flirtatious-
ness were significantly more strongly related to Dy than to F.

4.4. Threat potential

The principal findings of this paper are that women perceived
feminized female voices as more attractive to men and more flirta-
tious, and that women were more sensitive to the acoustic param-
eter (D) that more strongly affected men’s preferences. These
results support the prediction that women use vocal characteristics
to track the threat potential of their competitors.

Women may perceive rivals with feminine voices as more
threatening because men find feminine voices attractive, and mate
attraction is a major avenue by which women compete for mates
(Cashdan, 1996). Men may be willing to offer greater investment
or abandon a current mate for an attractive woman due to her high
mate value, thus threatening other women’s abilities to attract and
maintain relationships with desirable partners (Brewer & Archer,
2007). Rivals with more attractive faces or bodies were found to
be distressing to women (Buss et al., 2000), and women rate more
facially attractive women as more promiscuous, stronger threats to
relationships, and less acceptable for introduction to family and
friends (Brewer & Archer, 2007). Women also rate themselves as
less desirable partners after viewing facial photographs of attrac-
tive women (Gutierres et al., 1999). Given that a feminine voice
is attractive to men, and attractive, feminine voices may signal sex-
ual interest and availability in women (Hughes et al., 2004), it has
likely been important over human evolution for women to monitor
the vocal femininity of rivals.
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4.5. Limitations

Our results suggest that Dris more salient than Fy in perceptions
of attractiveness and flirtatiousness. However, it is possible that
one JND manipulations in Fy and Dy produce differing changes in
apparent masculinity/femininity. This might be true if one acoustic
parameter was manipulated by a greater proportion of the natural
within-sex variation (more standard deviations, SD). Bryant and
Haselton (2009) reported on the SD of women'’s Fy and Dy. Averaged
across two menstrual cycle phases, the SDs were 22.65 and
49.65 Hz for Fy and Dy, respectively. In the present study, stimulus
voices were manipulated on average by 10.56 Hz in Fy, approxi-
mately 0.47 SD, and Dy was manipulated on average by 62.64 Hz,
approximately 1.26 SD. Because our manipulations were shifted
by more SD in Dy, the larger main effect of Dy may have resulted
from vocal femininity being modified to a greater extent when Dy
was manipulated than when Fy was manipulated, despite both
manipulations being equally audible.

4.6. Future research

Future studies should further tease apart the perceptual differ-
ences between Fy and Dy by manipulating these acoustic variables
by the same number of within-sex standard deviations. More work
is also needed to clarify what messages vocal traits are sending to
potential mates and competitors—that is, what do pitch, timbre,
and other aspects of voices advertize? Because men prefer femi-
nine voices, one might also expect that women vying for the atten-
tions of men would elevate vocal femininity by raising the pitch
and timbre of their voices, a possibility that invites testing.
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