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ABSTRACT

ARTICLE HISTORY

Visual exposure to unbalanced sex ratios inﬂuences perceived
facial attractiveness for opposite-sex faces. When opposite-sex
faces are scarce they are rated as more attractive than when
they are plentiful. The current work examines a vocal-auditory
analog of this eﬀect. Participants were assigned to either a high
or low opposite-sex vocal exposure condition and reported summary statistics by estimating the percentage of male and female
voices in an array of simultaneous talkers. Participants then rated
the attractiveness of individual opposite-sex voices. Those in the
low opposite-sex exposure condition rated subsequent individual
voices of the opposite sex as signiﬁcantly more attractive than
those who were in the high opposite-sex exposure condition. The
ﬁndings demonstrate that a core visuo-perceptual aspect of mate
selection preference also occurs in the auditory domain. The
results are consistent with the idea that the attractiveness of
opposite-sex partners is an honest signal of ﬁtness and involves
multimodal processes that are quickly modulated by the perceived
availability of opposite-sex partners in a local environment.
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Introduction
For over 60 years, researchers have examined a phenomenon known as “The
Cocktail Party Eﬀect” (Cherry, 1953). The eﬀect refers to the ability of a listener
to selectively attend to a particular auditory stimulus (e.g., a voice) while at the
same time ignoring other simultaneous background sounds (e.g., other voices in
the room). Most of this research has focused on the interplay between the
attended stimulus and the background noise by examining the low-level characteristics of the stimuli, the attention and auditory stream segregation abilities of
the listener, and the higher-order principles of perceptual organization that allow
the parsing of a single voice from background chatter (for reviews see Alain &
Arnott, 2000; Bronkhorst, 2000; Snyder & Elhilali, 2017). However, a more recent
line of research investigates the perception of the statistical properties of the
simultaneously sounding “background” sounds themselves. Ensemble coding is
the process of extracting summary statistics from a large array of similar stimuli.
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Ensemble Coding
Experiments in ensemble coding typically present observers with an array of stimuli
and ask them to report the average characteristics of the entire group. For example,
observers can reliably detect the average orientation of a set of lines, the average dot size
of an array of dots, the average animacy of a set of everyday objects, the diversity of
social groups, and even the average emotion in a set of faces that range from happy to
sad (Ariely, 2001; Haberman & Whitney, 2009; Leib, Kosovicheva, & Whitney, 2016;
Phillips, Slepian, & Hughes, 2018; Whitney, Haberman, & Sweeny, 2013). Although
observers are typically very good at extracting summary statistics from an array of like
objects, they typically retain little information about any particular object in the set
(Ariely, 2001)
Although most ensemble coding research is conducted in vision, summary statistics
can also be extracted from auditory stimuli. Piazza, Sweeny, Wessel, Silver, and
Whitney (2013) showed that listeners can extract the mean fundamental frequency
from a series of sequentially presented tones. Other work has shown that natural
soundscapes (e.g., the background sounds at a cocktail party) are processed using
ensemble coding. Essentially, soundscapes are recognized using time-averaged statistical
properties of the sounds in an auditory scene (McDermott, Schemitsch, & Simoncelli,
2013). More recently, work has shown that listeners can perceive sex ratios in an array
of simultaneous talkers and accurately scale the percentage of male and female voices
(Neuhoﬀ, 2017; for a review of potential cues by which listeners might make such
judgments, see Puts, Doll, & Hill, 2014).

Sex Ratios and Human Behavior
The sex ratio is the proportion of males to females in a local population. Researchers
have known for centuries that the human sex ratio at birth is slightly male-biased (i.e.,
the ratio is slightly greater than 1.00) and becomes more balanced during adulthood
because of higher male mortality rates (Arbuthnott, 1710; Campbell, 2001; Oksuzyan,
Juel, Vaupel, & Christensen, 2008). However, adult sex ratios can also become skewed
by factors such as war, migration, political policy (e.g., China’s “one-child” policy), and
even radiation exposure (Dyson, 2012; Hesketh & Xing, 2006; Scherb, Kusmierz, Sigler,
& Voigt, 2016; Zhou & Hesketh, 2017).
Evolutionary psychologists have discovered abundant evidence that demonstrates a
relationship between unbalanced sex ratios and core aspects of human mate selection
strategies (Moss & Maner, 2016). As the sex ratio in a given population shifts, the
majority sex faces increased competition from same-sex rivals for a more limited
number of potential partners, and the minority sex can aﬀord to be more selective.
For example, when sex ratios are male-biased (more men than women), men show
greater intrasexual competition and invest more in oﬀspring rather than in pursuing
additional (scarce) mating opportunities (Pedersen, 1991). Monogamy is also more
prevalent, and women marry at a younger age and tend to be more selective in choosing
a mate (Kruger, Fitzgerald, & Peterson, 2010; Pollet & Nettle, 2008; Schmitt, 2005). An
abundance of men even inﬂuences ﬁnancial decisions. In male-biased sex ratio situations, men make riskier ﬁnancial decisions and are more willing to incur debt and
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discount future savings to accumulate greater resources in the present (Ackerman,
Maner, & Carpenter, 2016; Griskevicius et al., 2012). These eﬀects are likely due to a
well-documented female preference for a mate with abundant resources (Anderson &
Klofstad, 2012; Atari & Jamali, 2016; Buss & Barnes, 1986; Greiling & Buss, 2000;
Munro, Flood, McKellar, & Reudink, 2014).
The eﬀects reverse when sex ratios are female-biased. Men are less committed to
oﬀspring and long-term relationships, marry later in life, and monogamy declines
(Ippoliti, 2018; Kruger & Schlemmer, 2009; Schmitt, 2005; Stone, Shackelford, &
Buss, 2007). Women tend to be more willing to engage in casual sex and show an
increase in female–female competition (Pedersen, 1991; Xing, Chen, & Du, 2016).
Although striking, the eﬀects of unbalanced sex ratios on mate selection behaviors are
not unique to humans and occur throughout the animal kingdom (Janicke & Morrow,
2018).
Perceiving Sex Ratios
Despite the relationship between unbalanced sex ratios and mate selection behaviors,
very little work has been conducted on the perception of sex ratios. For example, the
eﬀects on mate selection could result from gradually accumulating knowledge of local
unbalanced sex ratios over time by diﬀerential contact with members of the same and
opposite sex. Alternatively, observers may be able to immediately perceive sex ratios
when presented with groups of individuals. Of course, these two alternatives are not
mutually exclusive.
One recent study in vision provides some evidence that sex ratios can be immediately perceived. Dillon (2015) showed that observers who were naïve to the purpose of
the experiment could accurately scale the sex ratios of a series of sequentially presented
facial photographs. Moreover, observers could also accurately scale sex ratios in displays
of up to 12 simultaneous photographs presented as brieﬂy as 330 ms. Participants on
average showed a strong positive correlation between actual and perceived sex ratios
across experiments.
Similar work has shown that listeners can accurately scale sex ratios from simultaneously sounding voices. Neuhoﬀ (2017) presented listeners with audio clips of either 5
or 10 simultaneous voices where the percentage of male voices ranged from 0% to 100%
in 20% increments. The duration of each clip was 1500 ms, and listeners were asked to
estimate the percentage of male and female voices. Listeners could scale sex ratios of
both 5 and 10 simultaneous voices but showed better accuracy with 5 voices. Women
showed better accuracy than men, and overall accuracy declined as sex ratios departed
from 50%.
Attractiveness and the Sex Ratio
The sex ratio can also inﬂuence perceived attractiveness. Hahn, Fisher, DeBruine, and
Jones (2014) found that when participants performed an eﬀort-based task to view
attractive faces, attractiveness motivation scores were lower when sex ratios were
favorable (opposite-sex biased) compared to the same-sex biased condition.
Ultimately, participants in the majority sex exerted more eﬀort (as measured by a key
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press) to view attractive faces of the opposite sex. Those in the minority sex exerted less
eﬀort to view attractive faces since they would face less competition for mates from
same-sex rivals. Similar eﬀects of unbalanced sex ratios have been shown for preferences for facial symmetry and physical attractiveness (Munro et al., 2014; Watkins,
Jones, Little, DeBruine, & Feinberg, 2012). This work is consistent with lowering one’s
standard for attractiveness in a mate based on the reduced availability of potential
mates when sex ratios are unfavorable (Stone et al., 2007).
Sex diﬀerences are also consistently found in attractiveness studies. Men tend to rate
women as more attractive than women rate men (Gladue & Delaney, 1990; Johnco,
Wheeler, & Taylor, 2010), and men’s attractiveness motivation scores are greater than
those of women for opposite-sex faces (Hahn et al., 2014). From an evolutionary
perspective, these ﬁndings are consistent with work that shows physical attractiveness
is more important to men than it is to women in selecting a mate (Boxer, Noonan, &
Whelan, 2015; Buss, 1989; Buss & Barnes, 1986).
Although much of the research on attractiveness is in vision, there is also considerable research on the attractiveness of voices. Vocal attractiveness is a cue to reproductive ﬁtness, and vocal characteristics have been found to be reliable indicators of mate
quality. For example, there is a positive correlation between vocal and facial attractiveness (Abend et al. 2015; Puts et al., 2016). Other work has shown that voice characteristics accurately reﬂect body morphology in both men and women (Pisanski et al., 2016)
and are reliable indicators of reproductive success (Apicella, Feinberg, & Marlowe,
2007).
Men tend to prefer female voices that are higher in pitch (Apicella & Feinberg,
2009; Puts, Barndt, Welling, Dawood, & Burriss, 2011; Jones et al. 2010) especially
for short-term, sexual relationships (Jones, Feinberg, DeBruine, Little, & Vukovic,
2008). Women also raise their voice pitch when talking to someone they think is
attractive, suggesting that high pitch may have evolved to attract potential mates
(Fraccaro et al., 2011). Women have been shown to have analogous preferences for
low-pitched male voices (Apicella & Feinberg, 2009; Collins, 2000; Hodges-Simeon,
Gaulin, & Puts, 2010).
The Current Study
Listeners can eﬀectively extract vocal sex ratios from an auditory scene, and exposure to
unbalanced sex ratios is associated with a wide range of mate selection behaviors. The
minority sex can aﬀord to be choosier and raise standards of attractiveness for an
acceptable potential partner because there are more potential opposite-sex partners and
fewer same-sex competitors (Hahn et al., 2014; Munro et al., 2014; Watkins et al., 2012).
Although these ﬁndings have been conﬁrmed in vision research, the eﬀects of unbalanced sex ratios on vocal attractiveness are unknown.
In the current study, we exposed participants to brief audio clips of simultaneous
voices with unbalanced sex ratios and then measured vocal attractiveness ratings of
subsequent individual opposite sex voices. We hypothesized that participants
exposed to a low percentage of opposite-sex voices would rate the individual voices
as more attractive than participants exposed to a high percentage of opposite-sex
voices.
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Method
Sample Size
We conducted an a priori power analysis to determine sample size using G*Power 3.1.9.2
(Faul, Erdfelder, Lang, & Buchner, 2007). We subsequently set the sample size at N = 624
(78 participants in each of the eight cells in a 2 × 2 × 2 between-subjects design). This
yielded statistical power (.85) suﬃcient to detect a small eﬀect size of ηp2 = .01 (d = .24) at an
alpha level of .05.
Participants
The 624 participants (312 female) had an average age of 39.0 years (SD = 12.7). All
reported normal hearing and a heterosexual orientation, and were recruited via
Amazon Mechanical Turk (MTurk). Each was paid $0.30 for participation and completed the study online. A wide variety of research has shown that samples from MTurk
are more diverse and more representative of target populations and that their reliability
is as good as or better than that obtained from traditional undergraduate samples
(Buhrmester, Kwang, & Gosling, 2011; Holden, Dennie, & Hicks, 2013). MTurk samples have also been employed in previous online attention and auditory perception
studies (Crump, McDonnell, & Gureckis, 2013; Neuhoﬀ, 2017; Neuhoﬀ, Schott, Kropf,
& Neuhoﬀ, 2014; Neuhoﬀ et al., 2015). The College of Wooster’s Human Subjects
Research Committee approved all procedures.
Stimuli
Sex ratio exposure voices: We obtained voice stimuli for the sex ratio exposure phase from the
Buckeye Corpus of Conversational Speech (Pitt et al., 2007). The corpus contains digitized
conversational speech from 40 talkers, stratiﬁed for age (under 30 and over 40) and sex. We
extracted four speech tokens from continuous conversational speech for each of the 20
talkers under the age of 30 (10 male and 10 female). Stimuli were 1.5 s in duration and
selected such that each speech token started with the beginning of an utterance and was
truncated at 1.5 s. Individual speech tokens were submitted to Praat (Boersma & Weenink,
1992) for analysis of mean fundamental frequency and amplitude variation. Mean (SD)
fundamental frequency for male and female voices were 124 (54) and 197 (52) Hz, respectively. All speech tokens were equated for overall intensity. Mean amplitude variation (in
standard deviations) for each sex were: female 8.1 dB, male 8.1 dB. Individual speech tokens
were then randomly selected into 16 unique combinations of both 5 and 10 simultaneous
voices for each of 6 sex ratio levels (0%, 20%, 40%, 60%, 80%, 100%) with the stipulation that
no talker could appear more than once in a given combination of voices. The combinations
were then digitally mixed and saved as single high quality 320 kbps mp3 ﬁles.
Attractiveness rating voices: Twelve additional voices (six female) from the local
community were individually recorded for the attractiveness rating portion of the
experiment. Participants were instructed to speak in a neutral tone and were not
aware of the hypothesis. Mean (SD) talker age was 20.0 (.67) years. Each talker
produced three tokens of the phrase “In the fall the leaves change color.” We selected
the clearest instance of each recording from each talker to present for attractiveness
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Figure 1. Response mechanism for recording perceived sex ratios.

rating. Digital recordings were made in a single-wall IAC sound-attenuating booth with
an AKG C1000S condenser microphone, equated for overall intensity, and saved as 320
kbps mp3 ﬁles.
Design and Procedure
After providing informed consent, participants heard a computer-generated text-tospeech voice asking them to adjust the volume on their device to a comfortable
listening level. To ensure that participants could hear the audio, they were verbally
instructed to type a code word into a response box. Four respondents failed to enter
the correct word and were replaced. Participants were then informed that they
would be using a response slider to estimate the proportion of male and female
voices when listening to a series of audio clips of voices talking simultaneously. The
slider was anchored on the left and right with “100% Male” and “100% Female,”
respectively. The center of the scale was labeled “50% Male/50% Female” (see
Figure 1). Participants could move the cursor along any point on the slider to
denote their perceived sex ratios. Positions along the scale were internally coded
from 0 to 100, but no scale values were visible to the participants. Each participant
received three randomly ordered practice trials, in which they heard two simultaneous voices at sex ratios of 0%, 50%, and 100%. Following the practice trials,
participants were asked to indicate their biological sex to determine whether they
would hear male or female voices in the attractiveness rating portion of the experiment. Participants were then randomly assigned to either a 5 or a 10 voice stimuli
condition and either a low-exposure condition (0%, 20%, and 40% opposite sex
voices) or a high-exposure condition (60%, 80%, and 100% opposite sex voices).
This resulted in a 2 (participant sex) × 2 (number of voices: 5, 10) × 2 (exposure:
high, low) completely between-subjects design. Each of the three sex ratios in each
condition was presented 16 times in random order resulting in 48 unique combinations of voices in each exposure group. After participants completed estimating sex
ratios in the exposure phase, they were instructed to rate the attractiveness of the six
individually-presented opposite sex voices. Each of the six voices was presented in
random order, and the same slider mechanism was used, but this time the left side
of the scale read “Very unattractive,” and the right side read “Very attractive.”
Again, participants could move the cursor to any point on the scale to rate the
attractiveness of the voices. After completing the experiment, participants reported
their age, sexual orientation, and any history of hearing diﬃculty. Participants who
reported a nonheterosexual orientation or any history of hearing diﬃculty were
replaced.
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Results
Sex Ratio Estimates
We ﬁrst performed a manipulation check on the responses to the exposure phase of the
experiment to ensure that participants could accurately scale the percentage of males
and females in each 1.5 s audio clip. We conducted a 2 × 3 mixed design ANOVA1 with
the between-subjects factor sex ratio which we coded as “exposure level to male voices”
(high = 60–100%, low = 0–40%) and the within-subjects factor composed of the low,
medium, and high levels within each group (0%, 20%, 40% for the low exposure group
and 60%, 80%, 100% for the high exposure group). We found a large signiﬁcant main
eﬀect for the between-groups factor that indicated participants in the high sex ratio
exposure group (more male voices) heard a higher percentage of male voices than did
participants in the low sex ratio exposure group F(1, 622) = 593.6, p < .001, ηp2 = .49. We
also found a large signiﬁcant main eﬀect for the within-subjects variable that indicated
participants could accurately scale the sex ratios at the three levels presented in the
stimuli within each group F(1.4, 883.1) = 380.67, p < .001, ηp2 = .38 (Greenhouse-Geisser
correction was used to account for sphericity violation). A signiﬁcant linear trend
showed that as vocal sex ratios increased, perceptual estimates of the vocal sex ratios
also increased F(1, 622) = 444.4, p < .001, ηp2 = .42. Finally, we found a signiﬁcant
interaction between the within and between subjects factors that resulted from the
nonlinearity in accuracy rates of estimating vocal sex ratios F (1.4, 883.1) = 36.0, p < .001,
ηp2 = .06. Neuhoﬀ (2017) also found that as vocal sex ratios depart from 50% accuracy
in estimation decreases (although the reasons for this decline in accuracy are unclear).
Thus, for the high exposure group (60–100%), the most accurate estimates were at the
low end of the stimulus range (60%). For the low exposure group (0–40%), the most
accurate estimates were at the high end of the stimulus range (40%, see Table 1).

Attractiveness Ratings
To test our primary hypotheses, we analyzed perceived attractiveness ratings of opposite
sex voices using a 2 × 2 × 2 between-subjects ANOVA. Level of exposure to sex ratios
(high: 60–100%, low: 0–40%), number of voices in each exposure stimulus (5, 10), and
participant sex were used as between-subject factors. Mean ratings in each condition are
shown in Table 2. Consistent with our hypothesis, we found a signiﬁcant main eﬀect for
exposure level that indicated the participants who were exposed to a low percentage of
opposite sex voices rated subsequent individual opposite sex voices as more attractive

Table 1. Mean perceived sex ratios at each sex ratio level.
Exposure Group
Low
High

% Male Voices
0%
20%
40%
60%
80%
100%

Mean
40.76
43.82
49.61
55.53
59.90
71.83

95% Conﬁdence Interval
Lower Bound Upper Bound
39.5
42.1
42.7
45.0
48.3
50.9
54.2
56.8
58.7
61.1
70.5
73.1
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Table 2. Mean attractiveness ratings by condition.
Sex
Female

Exposure
Low
High

Male

Low
High

Voices
5
10
5
10
5
10
5
10

Mean
Attractiveness
59.5
54.8
55.3
50.7
58.7
59.0
57.0
55.2

95% Conﬁdence Interval
Lower Bound Upper Bound
56.5
62.5
51.8
57.7
52.3
58.3
47.7
53.7
55.8
61.7
56.1
62.0
54.1
60.0
52.2
58.2

Note: Mean vocal attractiveness ratings on a scale of 0–100.

(M = 58.0, SE = .76) than those who heard a high percentage of opposite sex voices
(M = 54.6, SE = .76),F(1, 616) = 10.2, p = .001, ηp2 = .02 (see Figure 2).
We also found a main eﬀect for number of voices in the exposure phase that indicated
participants who heard ﬁve concurrent voices in the exposure phase rated subsequent
opposite sex voices as more attractive (M = 57.6, SE = .76) than participants who heard 10
voices (M = 54.9, SE = .76), F(1, 616) = 6.3, p = .01, ηp2 = .01. Finally, we found a main eﬀect for
participant sex that indicated men rated female voices as more attractive (M = 57.5, SE = .76)
than women rated male voices (M = 55.1, SE = .76), F(1, 616) = 5.2, p = .023, ηp2= .01. There
were no signiﬁcant interactions.

Discussion
Simultaneously sounding voices have historically been treated as “background” stimuli
in auditory perception research (Brungart & Simpson, 2007; Brungart, Simpson,

Figure 2. Mean perceived attractiveness of opposite sex voices as indicated by visual analog scale
(VAS) ratings. Participants exposed to a low percentage of opposite sex voices rated subsequent
voices as signiﬁcantly more attractive than those exposed to a high percentage of opposite sex
voices. Error bars indicate 95% conﬁdence intervals.
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Ericson, & Scott, 2001; Cox, Alexander, & Rivera, 1991; Darwin, 2008). However, the
current results conﬁrm that when directed to attend to multiple simultaneous voices,
listeners can use ensemble coding to extract summary statistics and scale the percentage
of male and female voices in the array (Neuhoﬀ, 2017). Moreover, when listeners hear a
low percentage of opposite-sex voices, subsequent individual opposite sex voices are
perceived as more attractive than when they hear a high percentage of opposite-sex
voices.
Sex Ratios and Vocal Attractiveness
The eﬀect of unbalanced sex ratios on perceived attractiveness is consistent with
previous work that examines the relationship between sex ratios and mate selection
behavior. Favorable sex ratios (a larger choice of potential opposite-sex mates and fewer
same-sex rivals) are associated with choosier mate selection behaviors and raised
standards of attractiveness in a potential mate (Hahn et al., 2014; Munro et al., 2014;
Watkins et al., 2012). From a theoretical perspective, modulating mate selection preferences and behaviors based on the perception of unbalanced sex ratios makes evolutionary sense. Sociosexual behaviors in populations with biased sex ratios skew toward
the preferences of the minority sex, which can be more selective because they face less
competition from same-sex rivals (Moss & Maner, 2016; Pedersen, 1991; Pollet &
Nettle, 2008; Schmitt, 2005). Lowering attractiveness standards in the face of unfavorable sex ratios is a behavior that expands the pool of potential mates (Watkins et al.,
2012).
The current ﬁndings for unbalanced vocal sex ratios are consistent with research on
sex ratios and facial attractiveness and provide converging support for a reliable
relationship between vocal and visual attractiveness (Abend et al. 2015; Puts et al.,
2016). This suggests that observers use multimodal sources of information when
evaluating potential opposite-sex partners and that the process may involve a high
degree of automaticity. For example, Mileva, Tompkinson, Watt, and Burton (2018)
showed that impression formation involves a mandatory and immediate integration of
both vocal and facial information. Future work might examine the degree to which the
perception of summary statistics from voices and the eﬀects of unbalanced sex ratios on
attractiveness involve automatic processes. In the current work, listeners accurately
scaled sex ratios after exposures of only 1500 ms and showed eﬀects of unbalanced sex
ratios on perceived attractiveness after cumulative exposure of only 1.2 min (48 trials ×
1500 ms).
We also found a main eﬀect for the number of voices presented in the exposure
phase. Listeners presented with 5 simultaneous voices perceived subsequent individual
voices to be more attractive than those ﬁrst presented with 10 simultaneous voices.
Although we did not speciﬁcally ask our participants to report the number of voices in
the exposure stimuli, the results are consistent with the overarching hypothesis that
standards of attractiveness will be lowered (i.e., voices will be rated as more attractive)
when the number of potential opposite-sex partners is diminished.
Finally, we found a main eﬀect for participant sex that indicated men found female
voices more attractive than women found male voices. This ﬁnding could simply be a
function of the relative attractiveness between male and female voices in our study.
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However, it is also a ﬁnding that occurs consistently when men and women are asked to
give opposite-sex attractiveness ratings (Gladue & Delaney, 1990; Hahn et al., 2014;
Johnco et al., 2010) and is consistent with a higher priority in men than in women for
physical attractiveness as an important criterion for mate selection (Boxer et al., 2015;
Buss, 1989; Buss & Barnes, 1986).
Eﬀect Sizes
We found very large eﬀects sizes between conditions when listeners were asked to judge
the percentage of males and females in our multiple voice exposure stimuli. The eﬀect
size for the linear trend for perceived sex ratio as a function of actual sex ratio was ηp2 =
.42 (equivalent to Cohen’s d = 1.7). Neuhoﬀ (2017) also found large eﬀect sizes when
participants were asked to scale vocal sex ratios that ranged from 0% to 100%. The size
of the eﬀect speaks to the robust ability of listeners to scale sex ratios of multiple
simultaneous voices.
However, even eﬀect sizes this large likely underestimate the true eﬀect size that
might occur in more natural environments. Under natural listening conditions, multiple simultaneous talkers emanate from separate locations in space (rather than centrally
from headphones or loudspeakers). Spatial separation of talkers reduces auditory
cognitive load and aﬀords a better assessment of target speech among multiple talkers
(Andeol, Suied, Scannella, & Dehais, 2017; Bronkhorst, 2000; Shinn-Cunningham,
Ihlefeld, Satyavarta, & Larson, 2005). Thus, spatial separation might also aﬀord more
accurate estimates of sex ratios. In a similar light, it may also be the case that durations
of exposure to multiple voices longer than 1500 ms would provide a better assessment
of vocal sex ratios.
In contrast to the large eﬀect sizes for scaling sex ratios, the eﬀect size for the
diﬀerence in attractiveness ratings between high and low opposite sex exposure conditions was comparatively small (ηp2 = .02, equivalent to Cohen’s d = .29). Our design had
suﬃcient power to detect this eﬀect size, and it may be that the factors of increased
spatial separation and stimulus duration that would occur in a natural environment
would also increase the eﬀects of unbalanced sex ratios on attractiveness. The fact that
exposure and attractiveness ratings occurred in temporally separate blocks may also
contribute to the smaller observed eﬀect size.
However, eﬀect sizes need not be large to be important from an evolutionary
perspective. On the contrary, small but reliable eﬀect sizes can be instrumental in
explaining how our evolutionary history shaped current perceptual and cognitive
abilities (Voyer, Voyer, & Bryden, 1995; Weiss, Kemmler, Deisenhammer,
Fleischhacker, & Delazer, 2003; Zilles et al., 2016). For example, in evolutionary
psychology, ﬁnding sex diﬀerences can be critically important evidence that supports
a behavioral adaptation. Yet, a meta-analysis of 286 studies on sex diﬀerences in spatial
perception showed a mean eﬀect size of only d = .37 (ηp2 = .03; Voyer et al., 1995).
Although such small eﬀect sizes are not helpful in predicting the behavior of any
particular individual based on sex, they are indicative of diﬀerential challenges faced
by men and women over the course of evolutionary history. The eﬀect size in our
results is also similar to that found for the eﬀect of biased sex ratios on facial attractiveness (ηp2 = .02, Hahn et al., 2014).
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Limitations and Future Research
Our sample included only heterosexual participants. Thus, it is an open question as to
how exposure to unbalanced sex ratios might inﬂuence participants of other sexual
orientations or how participant sexual orientation might interact with the orientation of
the to-be-judged talker. Although our results do not speak to these questions, there is
considerable evidence to suggest that sexual orientation is likely an important factor in
these kinds of investigations and could be a fruitful avenue for further research
(Hancock & Pool, 2017; Munson, 2007; Rule, 2017; Valentova, Roberts, & Havlicek,
2013).
The online nature of our data collection introduced variability that might not
have been present under more controlled laboratory conditions. For example, participants listened to the stimuli as compressed mp3 ﬁles on their own devices at
diﬀerent levels with varying amounts of background noise in each unique listening
environment. Nonetheless, all these factors introduce variability that makes it less
likely to reject the null hypothesis. Finding signiﬁcant results in the face of this
increased variability speaks to the robust nature of the eﬀects and increases the
external validity of the ﬁndings.
Online data collection also resulted in a more diverse sample than what we would
expect to obtain in typical undergraduate samples. While this is a desirable characteristic of samples, the mean age of our participants (39 years) was considerably older than
that of the talkers whose voices were rated for attractiveness (20 years). Although this
poses no threat to internal validity (all participants rated voices of the same age), it
would be interesting to examine how participant and talker age interact in future
studies of sex ratios and attractiveness.
Conclusions
Auditory exposure to unbalanced sex ratios inﬂuences the perceived vocal attractiveness
of subsequently heard voices. When listeners hear a high percentage of opposite sex
voices their standards for attractiveness increase, and they rate subsequent voices as less
attractive than when they hear a low percentage of opposite sex voices. Our ﬁndings are
consistent with ﬁndings on unbalanced sex ratios and facial attractiveness and support
that attractiveness of opposite-sex partners involves multimodal processes that are
quickly modulated by sex ratios in a local environment (Hahn et al., 2014; Mileva
et al., 2018; Munro et al., 2014; Watkins et al., 2012).

Note
1. We ignored sex and number of voices in this analysis because the goal was simply to show
that listeners could perform the task of scaling sex ratios. Moreover, each participant only
heard half of the range of possible sex ratios (either a high or low exposure condition). So,
the question that would be answered by this analysis is not “How do sex and number of
voices aﬀect sex ratio estimation?” but “How do sex and number of voices aﬀect sex ratio
estimation when listeners hear only half of the stimulus range?” We refer the interested
reader to Neuhoﬀ (2017) in which these issues are addressed with an experimental design
that was purposefully developed to do so.
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