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Abstract

Objective measures of sexual interest are important for research on human sexuality. There has been a resurgence in research
examining pupil dilation as a potential index of sexual orientation. We carried out a meta-analytic review of studies published
between 1965 and 2020 (Mdn year =2016) measuring pupil responses to visual stimuli of adult men and women to assess
sexual interest. Separate meta-analyses were performed for six sexual orientation categories. In the final analysis, 15 studies
were included for heterosexual men (N=550), 5 studies for gay men (N =65), 4 studies for bisexual men (N=124), 13 studies
for heterosexual women (N=403), and 3 studies for lesbian women (N = 132). Only heterosexual and gay men demonstrated
discrimination in pupillary responses that was clearly in line with their sexual orientation, with greater pupil dilation to female
and male stimuli, respectively. Bisexual men showed greater pupil dilation to male stimuli. Although heterosexual women
exhibited larger pupils to male stimuli compared to female stimuli, the magnitude of the effect was small and non-significant.
Finally, lesbian women displayed greater pupil dilation to male stimuli. Three methodological moderators were identified—
the sexual explicitness of stimulus materials, the measurement technique of pupillary response, and inclusion of self-report
measures of sexual interest. These meta-analyses are based on a limited number of studies and are therefore preliminary.
However, the results suggest that pupillary measurement of sexual interest is promising for men and that standardization is
essential to gain a better understanding of the validity of this measurement technique for sexual interest.
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Introduction

The fact that the pupil of the human eye responds to changes
in brightness levels within our visual environment is well
known to most people. This is termed “the pupillary light
reflex” and is responsible for an increase in pupil size (dila-
tion) when the visual environment is darker and a decrease
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in pupil size (constriction) in brighter settings (Ellis, 1981).
In the twentieth century, a number of incidental observations
of pupils responding to factors other than light, including
interest and arousal, led to the pivotal research of Lowen-
stein and Loewenfeld. They developed the first technological
method for measuring pupils, the electronic pupillograph,
which captured motion pictures of the pupil and recorded
their fluctuating movements (Lowenstein & Loewenfeld,
1958). With this approach, it became possible to conduct
experimental investigations into the physiological and psy-
chological factors underlying pupillary responses (Loewen-
feld, 1958; Lowenstein & Loewenfeld, 1962). Over the next
decade, researchers began to investigate an array of mental
activities linked to pupil size changes, including memory
load (Kahneman & Beatty, 1966), and general arousal activa-
tion (Hess & Polt, 1960; Nunnally et al., 1967).
Fluctuations in pupil size are controlled by the autonomic
nervous system and are a result of dynamic shifts between
sympathetic (results in dilation) and parasympathetic (results
in constriction) activation (McDougal & Gamlin, 2008;
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Zuckerman, 1971). A state of arousal leads to activation
of the autonomic nervous system that is characterized by
changes in skin conductance rate, blood pressure, breathing
rate, and pupil dilation (Zuckerman, 1971). Pupil dilation
can be evoked as a response to affective arousal, for example,
during the viewing of highly pleasant (including sexually
suggestive stimuli) and unpleasant stimuli (Bradley et al.,
2008). Notably, the strength of the emotional state evoked
by a stimulus (i.e., stimulus intensity) rather than the extent
to which an emotion is positive or negative (i.e., stimulus
valence) seems to elicit corresponding arousal responses in
pupil size and change in skin conductance (Bradley et al.,
2008). Sexually appetitive content, such as the viewing of
erotic material or images depicting the observer’s arousing
sex, has also been shown to evoke pupil dilation compared
to neutral content or images depicting the non-arousing sex
(Rieger & Savin-Williams, 2012). For example, pupillary
response and skin conductance correlate positively during
the viewing of erotic movies and pictures (see, e.g., Ber-
nick et al., 1971; Finke et al., 2017). The close correlation
between skin conductance and pupil size during arousal sug-
gests that pupillary responses are predominantly driven by
direct activation of the sympathetic nervous system. This may
be different to pupil dilation observed during other cognitive
processes, for example, during information-processing and
mental load, which appear to be mediated by parasympathetic
inhibition (Bradley et al., 2008; Steinhauer et al., 2004).

Pupil Dilation as a Measure of Sexual Arousal/
Interest

The ability to objectively measure sexual arousal and sexual
orientation is important for research in understanding the the-
oretical basis of human sexuality. Existing measures of sexual
orientation and sexual arousal include subjective self-report
(e.g., Kinsey scale; Kinsey et al., 1948) and cognitive-based
measures (e.g., AT and Viewing Time; Babchishin et al.,
2013; Lippa, 2012). However, these measures are recog-
nized for their limitations; for example, subjective self-report
would require the self-awareness of the individual as well
as a willingness to respond truthfully, and there are debates
around the precise mental processes that are being measured
with cognitive-based tasks (Conaglen, 2004). Direct physi-
ological measurement of sexual arousal is possible by record-
ing genital responses (e.g., penile pleythsmography; Murphy
et al., 2015). However, this is considered a highly invasive
technique and may be of limited use for assessing individu-
als with sexual dysfunction. Pupillary responses could offer
an additional or even alternative physiological measure of
sexual arousal and sexual orientation to these measures, due
to its non-invasive, instantaneous, and involuntary reaction
to sexually appetitive content (Finke et al., 2017).
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Hess et al. (1965) and Hess and Polt (1960) were the first
to investigate whether changes in pupil size as a response to
arousal are specific to preferred categories of pictorial sex-
ual stimuli, which would therefore indicate subjects’ sexual
orientation. The pupils of heterosexual and gay men were
recorded with a camera sampling at a rate of two frames per
second, while they viewed paintings and photographs of nude
men and women. The pupils of all five heterosexual men
dilated to the female pictures, while four of the five gay men
experienced greater pupil dilation to male stimuli.

In the 50 years that followed publication of these findings,
there were attempts to replicate these results. However, these
studies reported contradictory findings. While Hess et al.
(1965) demonstrated clear sex-specific pupillary responses,
others failed to find differences in the pupillary responses
of men and women (Aboyoun & Dabbs, 1998; Scott et al.,
1967). These approaches varied widely in their methodology,
which included marked differences in participant sex and sex-
ual orientation, method for recording pupil size, variations in
stimuli (e.g., nude versus dressed; photographs versus artistic
illustrations; highly controlled versus natural), and analytical
approaches to pupillary responses (Aboyoun & Dabbs, 1998;
Hamel, 1974; Hess et al., 1965; Scott et al., 1967). These
methodological differences, in combination with often ele-
mentary approaches for measuring pupil size, likely gave rise
to the inconsistent response patterns recorded. Furthermore,
the studies were often highly time-consuming, for example,
requiring manual frame-by-frame measurement and limited
data (e.g., recording only three pupil measurements per slide;
Garrett et al., 1989). Consequently, during that time period
fewer than ten attempts to replicate Hess et al.’s findings
using comparable methodologies followed, with variable
success (Bernick et al., 1971; Garrett et al., 1989; Hamel,
1974; Nunnally et al., 1967; Peavler & McLaughlin, 1967,
Schnelle et al., 1974; Scottet al., 1967). As a result, the study
of pupillometry for measuring sexual interests was largely
abandoned.

A resurgence of this research occurred some 40 years
after Hess et al.’s (1965) work with the increased accessi-
bility of contemporary eye-tracking technology (see, e.g.,
Attard-Johnson & Bindemann, 2017; Attard-Johnson et al.,
2016, 2017; Finke et al., 2017; Rieger & Savin-Williams,
2012; Rieger et al., 2015). This technology uses video-based
pupil and corneal reflection for tracking and recording eye
gaze position and pupil size with high precision, recording
pupil size every 1 ms to 20 ms depending on equipment used.
(A comparison of methodological technique is provided in
greater detail in the “Measurement Techniques” section.) A
number of findings emerged from these studies. For example,
when observers view erotic video footage (e.g., male-male or
male—female interactions, or solo male/solo female actions),
pupil dilation occurs to content that is in line with their
self-reported arousal and self-identified sexual orientation
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(Rieger & Savin-Williams, 2012). These response patterns
have also been recorded during the viewing of static images
depicting people in natural scenes (e.g., people wearing swim
wear on beaches; Attard-Johnson et al., 2016, 2017), as well
as for highly controlled sexually explicit and non-explicit
images of adults (see Attard-Johnson & Bindemann, 2017).
In these studies, for example, heterosexual men’s pupils are
larger when viewing female adults. In contrast, gay men tend
to show increased pupil sizes for same-sex stimuli. Further-
more, pupillary responses to sexual stimuli have also been
shown to correspond with direct measures of genital arousal
(Rieger et al., 2015) and with reaction time measures of sex-
ual interest (C) Ciardha et al., 2018), providing further valida-
tion for pupillary responses as a measure of sexual interest.

These studies show that pupillary responses are not only
able to indicate an arousal response to sexual stimuli gen-
erally, but can change in response to categories of specific
interest to an observer (Attard-Johnson & Bindemann, 2017,
Attard-Johnson et al., 2016, 2017; Rieger & Savin-Williams,
2012; Rieger et al., 2015) and, as such, could provide an index
of sexual orientation. However, recent studies of pupillary
response with contemporary eye-tracking equipment also
provide some contradictory results, indicating that a better
understanding of this approach is still required. This varia-
tion in findings is reflected, for example, in sex differences
between male and female observers.

Sex Differences in Pupillary Response Patterns

Whereas men’s physiological measures of arousal correlate
strongly with their self-reported sexual orientation and sub-
jective appraisal of the stimuli being perceived, this rela-
tionship is much weaker in women (Bailey, 2009; Chivers
et al., 2010). This inconsistent pattern of responding also
seems to extend to the measurement of arousal with pupil-
lary responses to sexually appetitive images (Attard-Johnson
etal., 2016, 2017; Rieger & Savin-Williams, 2012; Rieger
etal., 2015). In these studies, heterosexual women sometimes
record larger pupil sizes for the other-sex consistent with
sexual orientation (Attard-Johnson & Bindemann, 2017),
sometimes indistinguishable pupillary responses for same
and other-sex stimuli (Rieger et al., 2015), and sometimes
larger pupil sizes when viewing same-sex stimuli (Attard-
Johnson et al., 2016). While this variation in response pat-
terns is evident in heterosexual women, lesbian women have
a greater tendency to respond in concordance with their self-
reported sexual orientation and subjective arousal ratings
(Rieger & Savin-Williams, 2012).

A factor that could contribute to inconsistencies in female
sexual responding might reflect differences in the stimuli that
are used in different studies. Stimuli that have been employed
in the measurement of female sexual response more broadly
vary in terms of modality but are typically sexually explicit.

All 132 studies published between 1969 and 2007 reporting
genital and self-reported sexual arousal responses utilized
stimuli depicting highly explicit sexual content comprising
nudity, sexual acts, erotic video footage, erotic audio tapes, or
sexual fantasy (studies reported in a meta-analysis by Chivers
etal., 2010). Such stimuli have also been used extensively in
more recent studies into measurement of genital responses
in women (Dawson & Chivers, 2018). In contrast, research
with pupillary response measurements differs not only in
mode (e.g., static images versus video footage) but also in
degree of sexual explicitness, from erotic videos depicting
sexual acts (see Rieger & Savin-Williams, 2012; Rieger et al.,
2015) to completely nude, semi-nude, and dressed images
of men and women (see Attard-Johnson et al., 2016; Attard-
Johnson & Bindemann, 2017). Although male sex-specific
responding appears to be rather robust across these variations
in stimuli, female responding is more varied (Attard-Johnson
& Bindemann, 2017; Attard-Johnson et al., 2016; Finke et al.,
2017; Rieger & Savin-Williams, 2012; Rieger et al., 2015).

These more varied responses in females could be a result
of the preparation hypothesis (Dawson et al., 2013; Lalumi-
ere et al., 2020), which proposes that any sexual cues provoke
automatic genital responses as a protective mechanism to
prepare a woman for the possibility of a sexual encounter,
and thus reduce the likelihood of pain or injury occurring
(Chivers, 2017; Laan & Everaerd, 1995; Suschinsky & Lalu-
miere, 2011). A time course of pupillary responses to explicit
sexual stimuli reported in Finke et al. (2017) suggests that
the pupils dilate indiscriminately to sexual stimuli within
400-600 ms of onset of image (when stimulus luminance is
controlled for), followed by more specific responding. Spe-
cifically, early and late pupillary responses were associated
with differential heart rate and skin conductance responses
and suggest that these distinct responses are associated with
different processes of the autonomic nervous system (Finke
etal.,2017). Initial dilation (parasympathetically controlled),
when not attributed to the light reflex, may be an immediate
and spontaneous response to the detection of any biologi-
cally significant sexual cue. Later pupil dilation (sympatheti-
cally controlled) occurring after the initial 400 ms period
may relate to stimulus content and sexual orientation (Finke
et al., 2017). This can be seen in men where pupil size to all
erotic stimuli (i.e., both other and same sex) started to dif-
fer significantly from baseline and from neutral non-erotic
stimuli at 400 ms, whereas pupil size diverged after 600 ms
for specific sexual stimuli according to sexual orientation
(Finke et al., 2017). In women, however, the indiscriminate
pupil responses between images of men and women con-
tinued throughout the duration of image presentation. The
initial response to sexual cues provides some support for the
preparation hypothesis and suggests that perhaps in women
this response is sustained for longer and may be underpinned
by a different biological process to that in men.
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If the preparation hypotheses results in sustained
responses in women, then images of high stimulus intensity
depicting strong sexual cues, such as nude or erotic images
of men and women, may trigger a heightened non-specific
arousal response that attenuates any discrimination in arousal
between image categories from women. If the sexual inten-
sity of the images is reduced, for example, by viewing images
of dressed men and women absent of all sexual cues, female
responses may be less sensitive and become more discri-
minant across categories. Stimulus type and intensity are
varied across studies measuring genital arousal, including
audio-visual stimuli comparing arousal to human sex acts of
varying intensity, primate sex acts, neutral scenes with no-
person content (Chivers & Bailey, 2005), and audio narrative
descriptions of sexual and non-sexual interactions (Chivers
& Timmers, 2012). However, it is unclear from these studies
whether the non-specific pattern of responding in women
is a function of stimulus intensity. Furthermore, existing
research measuring arousal with pupillary responses to non-
sexually explicit stimuli of men and women is limited and
also does not reveal a specific pattern. For example, while
heterosexual women’s pupils were larger for the other-sex
when viewing both nude and dressed stimuli of the same
identity (Attard-Johnson & Bindemann, 2017), in a different
paradigm dilation was more strongly correlated with sexual
orientation when women viewed sexually explicit videos
compared with non-explicit videos of men and women dis-
cussing the weather (Watts et al., 2016). Furthermore, other
studies report pupil dilation consistent with sexual orienta-
tion when women were exposed to only the faces of men and
women (Laeng & Falkenberg, 2007). It is therefore possible
that the specific experimental stimuli of a study can affect
the response patterns found in women. However, the precise
mechanism and the extent to which this occurs are not clear
and may be attributed to an interaction of multiple factors.
One of these factors may be the technique that is applied to
measure changes in pupil size.

Measurement Techniques

Since the early studies, advancements in eye-tracking tech-
nology have made it easier to accurately measure pupil size
changes. However, with limited research and no standardized
approach, studies have varied widely in the methods of meas-
urement and analysis (see Attard-Johnson et al., 2019), which
could contribute to variations in pupillary response patterns
across studies. The methods employed to measure pupillary
responses differ particularly when comparing earlier meas-
urement techniques, which were based on manual applica-
tion of a ruler to calculate pupil size from still images of the
eye, compared with modern techniques that apply automated
infrared light to capture pupil responses.
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One aspect in which these approaches vary relates to the
rate of recording of pupil response, whereby early methods
recorded far fewer pupil size measurements per stimuli com-
pared to modern eye-tracking technology. Some earlier stud-
ies report only three recordings per trial using manual meth-
ods (Garrett et al., 1989) compared with a pupil measurement
recorded every 1 to 20 ms for the duration of every trial with
modern eye-tracking technology, such as the EyeLink (SR
Research Ltd., 2005-2008), Tobii (2016), and SMI (Sensi-
Motoric Instruments, Gaze Intelligence, 2020) eye trackers.
Consequently, when scores for a trial are averaged across
fewer pupil measurements, this could allow greater opportu-
nity for erroneous pupil size changes unrelated to the task to
have an undue influence on the overall task-evoked pupillary
responses. Erroneous pupil dilation or constriction refers to
noise in pupil dilation data arising from spontaneous inter-
nal cognitive processes unrelated to the task (e.g., working
memory and cognitive load; Kahneman & Beatty, 1966),
or even direction of eye gaze in relation to the stimulus. An
additional advantage of modern eye trackers is that they can
record the location of eye gaze alongside pupil responses. In
this way, it is possible to eliminate erroneous pupil measure-
ments that are linked to eye movements falling outside the
boundaries of the stimulus or due to eye blinks.

Modern eye-tracking systems also differ from one another
in their setup. For example, some eye trackers are desktop-
mounted and involve the physical stabilization of the head
using a chinrest to minimize head movements. Other remote
eye trackers do not require physical head restraint but, instead,
rely on computer algorithms to correct for head movements.
The former generally provides greater accuracy while the
latter allows more mobility (Brisson et al., 2013). There are
several variations in the technological design, such as calibra-
tion quality and sampling rate, across a range of eye track-
ers that could provide a potential source of difference. The
influence of these sources of error could be mitigated to some
extent by reducing head movement with the use of a head or
chin rest (Titz et al., 2018).

Environmental lighting is one factor that could provide a
source of difference in accuracy between remote and desktop-
mounted eye trackers. Although the effect of lighting has not
been directly investigated in this context, one can imagine
how lighting variation from the environment throughout an
experiment can influence pupillary responses to the process
being investigated. While researchers typically ensure con-
sistent artificial lighting in the testing laboratory, remote eye
trackers allowing for even minor head movements can pose
a potential source of variation in light from the environment
entering the pupil at different intensities. Subtle head move-
ments, such as tilting the head backwards toward an overhead
light or forwards and away from the light, can trigger a pupil
light reflex (Ellis, 1981). Such changes in light intensity from
the environment can cause pupil adaptation and recovery in
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the time following (Mathot, 2018), which can risk interfering
with the task-related pupil responses being measured. How-
ever, a systematic and direct comparison of pupil response
measurement across different eye-tracking systems has not
been performed and therefore differences in accuracy and
reliability are yet to be established. Therefore, we cannot
exclude the possibility that differences in eye-tracking meth-
ods could account for at least some of the discrepancies in
findings across studies.

Present Study

In recent years, there has been a marked increase in studies
examining pupil responses as a method for assessing a per-
son’s sexual interest in other adults. Available evidence, how-
ever, suggests that pupil responses are not a reliable measure
across and within observer groups that differ in sex and sexual
orientation. Furthermore, the existing studies diverge in their
methodological approaches to using pupil responses to assess
sexual interests. Consequently, uncertainty exists at present
as to the sensitivity of pupillary responses as a measure of
sexual interests and the impact of measurement approach
on such effects. In this context, the present study provides
a meta-analysis of existing research to examine the extent
to which pupil responses provide a measure of sexual inter-
ests in adult men and women. For this purpose, difference
scores comparing pupillary responses to images of males and
females were calculated separately for men and women. This
within-subjects approach was taken to examine the appli-
cability of the method in assessing sexual interest among
these groups. The meta-analysis also includes factors that
may moderate the validity of this measurement technique.
Specifically, moderator analyses were conducted to examine
the extent to which stimulus sexual explicitness (completely
nude, partially nude with sexual regions obscured, or com-
pleted dressed), pupillary response measurement technique,
and self-report measures used to confirm sexual orienta-
tion were related to the sensitivity of pupillary response for
assessing sexual interests.

Based on previous research, we expected that pupil sizes
are consistently larger for stimuli consistent with sexual ori-
entation in men (i.e., larger pupils for other-sex stimuli in
heterosexual men, and for same-sex stimuli in gay men). For
heterosexual women, we expected a weak pattern of pupillary
responses that may be larger for male stimuli. In contrast,
we expected that lesbian women show stronger pupil dila-
tion to same-sex images. Bisexual men and women would
be expected to show undistinguishable pupillary responses
between male and female stimuli.

Method

Studies available in peer-reviewed journals, books or book
chapters, as well as unpublished dissertations, abstracts, con-
ference papers, and preprints, were included in this review
up until January 2020. Studies were identified by searching
electronic research databases Web of Science and EBSCO
(which includes PubMed, Medline, Science Direct, Open
Dissertations, PsychINFO), by examining the reference lists
of relevant studies, and via ResearchGate. Authors were
contacted directly to request full texts, additional data, and
information. The search terms employed were the following:
pupil* (asterisk indicating variation such as pupillometry,
pupil dilation, pupil responses, pupil size, pupillary) and
sexual* (appeal, interest, arousal, preference, orientation),
pupil* and attract* (attraction, attractive; see Figure S1 in
Online Supplementary Materials).

To be included studies needed to meet the following crite-
ria: They measured and compared pupil responses to visual
stimuli of adult men and women to measure sexual interest;
included at least one sample of male or female observers
identifying as heterosexual, gay, or bisexual; stimuli (video
or images) used depicted either a man or a woman but not
both; a sample size of at least 5 observers per group; and
contained sufficient information to calculate effect size d. In
September 2019, the search yielded 40 documents follow-
ing removal of duplicates. For studies reporting overlapping
samples, the average effect size was taken if the sample size
was identical, and the effect size for the study with the largest
sample was taken if the sample size was not identical. In total,
16 eligible studies were identified (see Fig. 1). From the 17
studies, 16 included comparisons for heterosexual men, 7 for
gay men, 4 for bisexual men, 14 for heterosexual women, 3
for lesbian women, and 2 for bisexual women. Before com-
mencing analysis, another search was performed in January
2020 that revealed two additional studies for heterosexual
men and women. The total number of studies eligible was
increased to 19. See Table 1 for a summary of studies.

Samples

Of the 19 eligible studies, 17 were classified as published,
and 2 (studies 39 and 40) were not published at the time
the meta-analysis was conducted but had been submitted for
publication. The year the studies were conducted ranged from
1965 to 2020 and samples were drawn from the UK (k=9),
the U.S. (k=5), Germany (k=2), the Netherlands (k=2),
and Norway (k=1). Of those studies, 18 (95%) indicated
that the participants were from university, college, or com-
munity and the participants of one study were drawn from a
prison population.
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Fig. 1 Forest plots for the main meta-analysis results for heterosexual
men (a), gay men (b), bisexual men (c), heterosexual women (d), and
lesbian women (e). Plotted are the effect size estimates for each study
and the meta-analysis estimates (with 95% Cls). The size of squares
is proportional to the fixed-effect weight of each study. Positive effect
sizes indicate greater pupil dilation to same-sex stimuli, and negative

Coding Procedure

All studies were coded separately by the first and second
author using a coding manual (see online supplement).
On completion of the independent coding, consensus was
reached following any differences between the raters. To
assess interrater reliability for categorical variables (n=_8),
Cohen’s kappa (k) was calculated and ranged from 0.64 to
1.00 (median =0.82) for the following variables: sexual
interest measure, location type, pupil response measure,
stimulus mode, stimulus explicitness, stimulus body region,
stimulus presentation duration, and pupil response analysis
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effect sizes indicate greater pupil dilation to other-sex stimuli. Study
No. 4 (Snowden et al., 2019, E1) was excluded as an outlier from the
analysis in panels a, b, and d; study No. 24 (Rieger et al., 2013) was
also excluded as an outlier in panel b (see the Online Supplementary
Materials for more details)

methods. To calculate interrater reliability for the continu-
ous variables, intraclass correlation coefficients for absolute
agreements (ICC) were performed. These ranged from 0.66
to 1.00 (median = 1.00) for the following variables: sample
size, mean sample age, mean SD for sample age, mean pupil
response, mean SD for pupil response, correlations, and
t-values.

Effect Size Calculation

The effect size was calculated in Cohen’s d for within-subject
designs using formulas 12.19-12.21 from Borenstein (2009).



3391

Archives of Sexual Behavior (2021) 50:3385-3411

(o1e1 orduwres

ZH 005) 1oen
syders  -oko 00G poadSTH 939] (8102)
SI 00Sg Anpnu erdwo)  -ojoyd—saSew] X-MIIATTINS uodar-jjos  -[OD/ANSIOATUN  ['HT LI Aueuiion ‘Te 30 MUl ol
23e300§ 09pIA
WOIJ ISJOWEIpP
s3unured 1idnd jo juow Kyunw
pue sydei3oy -QINSBIW QWeIf -wo)/a39[[0D (S961)
S 00001 Kypnu paxI -oygJ—soSewy -Kq-oureIy renuey j10dar-J[o§ JAYISIOATU) 6C S vSn ‘T8 32 SSOH 6
(swr g A19A9
Surpiooar ayer 91d
-wes ZH 0001/00S)
I9xorI}-9k9 par
-RIJUI 9)OWY Kyrunw
[oIeasay (ore0s Aas -wo)/a39[[0D (8102)
€ 00081 Anpnu ojeidwoy 9321005 03PIA S qUITAY  -ury) podai-glog JZSISSCIN 1o B ) NN Te 10 snem L
(sw 2991
K199 3UIpI0921
QeI ZH (09) Krunw
syder3  1oyoen-049 9[Iqow (oreoS A9s -wo0)/A39[10D (6102)
0l 000¢ Ayipnu poxIjy  -010yJ—saFeu| ZH 09-¢X 1oL -ury]) uodai-jjog /ANsIoAun - 9’17 8l N [e e uepmoug S
(swr £99]
K13A9 SuIpI099I
e1 zH (09) Kyunw
sydei3  1o3oeN-0AQ 9[Iqow (o1e0s K9S RiigYerl| (e} 6102)
8 000¢ Aypnu paxTN - -0j0yJ—soSew] ZH 09-¢X NqoL, -ury]) 1odoar-jrog /AVISIOATUN)  G'6T 0T 3N [el° uspmoug 4
(sw g A10A9
Surpiooar 9yer 91d
-wes ZH 0001/00S)
19¥0RI}-9A9 pal
(suor3a1 enxas -BIJUI 9JOUWINY
pa1nosqo) sydeid [OIeasay 9391 (9102) Te 12
S 000§  Aupnuenreq -ojoyd—sosew] S Jureky uodor-jjos  -[0D/ANSIATUN 6T 1T SN uosuyof-preny (4
(sw g A19A9
Surprooar 9yex o[d
-wes ZH 0001/005)
Ioen-94K9 par
(suor3a1 enxas -BIJUI 9JOWY
Ppa1nosqo) sydeid [OIeasay] 3391 (9102) 'TB 10
S 000§ Aupnuenreq -ojoyd—saSew] S JuITeky uodar-jog  -[oD/ANsIoAIUN 81T TT SN Uuosuyof-preny I
K1039180 10d (sw) rern ssou QInseauwt QInseaw ‘ON
S[e1I) JO JaquunN 1ad woneing  -y011dx9 [ENXAS nums qsuodsar [idng  )sQI9)uI [BNXIS Sumeg 98By N Anuno) Apmis Apmgs

uswl [enxas0I19)eY :odwes

SISATeuE-BIoW Ul papN[oul saIpms 9[qI31[9 Jo uoneuriojur aAndLIdsap Jo Arewwns | 3jqel

pringer

a's



Archives of Sexual Behavior (2021) 50:3385-3411

3392

81

81

8

(uonenp

a3e1aA®) 6997

000°0€

000°01

000°0T

000°0T

00s¢T

Kyrpnu paxi

Kypnu 9yerdwo)

(suor3a1 enxas
PpaIndsqo)
AKyipnu [ented

Kyrpnu paxiy

Kytpnu paxt

Kyrpnu paxt

syderd
-0j0yJ—so3ew|

a3©100J 09PIA

sydesd
-0j0yg—so3ew]

soSew

sogew

sydeid
-0j0yg—soew|

(sw g A19A9
Surpiooar ojer o1d
-wes zH 0001/00S)
19yorI)-9K3 par
-RIJUT 9JOWIY
[OIeasay
S urTeAg
(sw g A19A9
Surpiooar ayer 91d
-wes ZH 0001/00S)
193oRI)-949 pal
-BIJUI JJOWY
[OIeasay
A4S urTedg
(sw g A19A9
Jurpiooar ayex o1d
-wes zH 0001/00S)
193[0e1)-9A9 pa1
-BIJUI JJOWNY
[OI8asaY
S quITeAy
(O
7) 95®100§ 09p1A
woly I9jowerp
1idnd jo yuowr
-QINSBAW SUIBI)
-Kq-owely [enuey
(73
7) 988100] 09pIA
woly I9JoWeIp
11dnd jo juowr
-QINSBOW QWiely
-Kq-owrely renuey
(oye1 ordures
ZH 00S) 1ooen
-09£9 00 poadsiH
X-MIIATTINS

(ore0S A9s
-ury]) 1odar-jjog

(oreoS Ads
-ury]) 1odar-jjog

j10dar-J[o8

j10daI-J[o8

papI0da1 J0U
1SQIOIUI [BNXOS

110doaI-J[oS

9391
-[0D/ANsI0ATUN)

Kyunw
-wo0)/a39110D
JANSI9ATUN)

3391
-[0D/ANSIoATUN)

uosL g

3391
-[0D/ANsI0ATUN)

3391
-[0D/AsIoATU)

¥'ce 0c

8C 6

91T LS

§9C ¢

- 01

£¢T vl

p: 10}

p: 10}

2N

vsSn

vSn

Aueuwrion

(L10D) T80
uoSuyo-preny 62

(€100
UEREREREIN| $C

(9100) B 0
uosuyof-preny LT

(L961)
‘2 19 100§ 9

(L961)
‘[e 39 noog 4!

(L10D)
‘Te 39 ulg It

K10897100 J10d
S[e1I) JO JaquunN

(sw) e
12d woneiQq

ssou
-J1011dX9 TRNX9S

1nung

QInseawt
asuodsai [idng

amseaw
1SQIO)UT [BNXS

Sumes

/Y N

Anuno)

‘ON

Apmis Apms

uoul [enxasoIley :oidwes

(ponunuoo) | sjqey

pringer

Qs



3393

Archives of Sexual Behavior (2021) 50:3385-3411

(swg
K13A9 SUIpI0O9I
qyer ojdwres
ZH 0001/00S)
IYorI)-9Ka par
-BIJUI 9J0WY
[oIBasay
S YUk
(swr L9791
K199 3ur
-p102931 Jjel
ZH (9) Ioxoen
-9A9 9[Iqowt
ZH 09-¢X QoL

(ore0s A9s

I 00087 Arpnu 9)9rdwo) 93©100J 09pIA -ury]) 11odar-jjog

sydeid
-0joyg—sogew]

(oreoS A9s

8 000z Anpnu paxiN -ury) Hodai-yo8

Ayunw
-wW0))/939[[0D
JKNISIOATUN)

Kyrunw
-wo)/A39[[0D
JANSIoATUN)

I'Lc 6l

3N

2N

(8102)
‘Te 39 SHep L

(6102)
‘Te 19 uopmous 17

aInseaw
asuodsar rdng

Inseawr
1SQIQJUI [BNXIS

1039180 10d (sw) ssou

srewn jo roquinN [ern 1od uoneing  -)1011dxo [ENXaS nuns

3umyeg

BY N

Anuno)

“ON

Apmgs Apmgs

uow Aen) :ordureg

(sw g A19A9
Surpiooar ayex ofd
-wres ZH 0001/00S)
I90rI1}-949 par
-BIJUI AJOWY
[OI8as9Y

S Aurpedyg
(swr g A19A9
Surpiooar 9yex 9fd
-wes zH 0001/00S)
I9¥0RI1}-9K9 par
-BIJUI QJOWY
[OIeasay

S Aurpekyg
(sw g A10A9
Surpiooar oyer ofd
-wes ZH 0001/00S)
I)oe1-9K9 par
-BIJUT SJOWY
[OIBIsY

S Jureky

(o[eoS A9s

¢ 000°S1 \ma_—usﬁ OHQMQEOU DM.SOOM O9PIA A.iv: auomouuﬁow

(suor3a1 enxas
paInosqo)
Aypnu fenreq

s3urmerp
urT—sadewy

PapI0da1 J0U

4 000°01 JSQIQUI [BNXAS

(suor3a1 fenxas
PpaIndsqo)
Aypnu fenreq

sydeid
-0j0yg—soew|

PopI0d921 J0U

[4 000°01 1SQI9IUI [BNXAS

Kyrunw
-wo0)/239[10D
JANsIoATU)

3391
-[0D/AIsI0ATUN)

3391
-[0D/AsIoATU)

Sve 0¢

£'¢C 201

ee 6cl

vsn

spue|
RElIEING

spuey
RElEING

(S100)
‘Te 10 1981y 187

(1202)
T8 1 1M o ov

(1202)
T2 10 UM 2 6€

aIseawt
asuodsai [idng

Jmseaw
1SQIO)UT [BNXS

K10897100 J10d
S[e1I) JO JaquunN

(sw) ety ssou

1d uonemq  -o1dx9 enXag numns

Sumeg

By N

Anuno)

‘ON

Apms Apms

uowl [enxasoI1ley :ojdwes

(ponunuoo) | sjqey

pringer

a's



Archives of Sexual Behavior (2021) 50:3385-3411

3394

81

S

000°81

000°0€

000°01

000°01

000°0T

(swg
K19A9 3UIpI0d31
9rer opdwres
ZH 0001/00S)
I19Y0RI}-949 par
-BIJUI AJOWY
[OI8Is9Y

S Nurpedyg
(swg
K13A9 SUIpI099I
Jrer opdwres
ZH 0001/00S)
IYorI)-9Ka par
-BIJUI QJOWY
[OIRasay

S Juredy
(swg
KI9A9 3UIpI0O21
9rer opdwres
ZH 0001/00S)
I93oen-94a pax
-BIJUI SJ0WY
[oIeasay

S Nurpeky
(s/3 7) @3e100§
03pIA WOIJ 199
-welp idnd jo
JUOWIDINSBIWT
owrexj-£q

-oUIB1) [ENUBIA]

Aypnu 9)o[dwo) 938100J 09PIA

Kypnu gyerdwo) 93©100J 09pIA

(suor3a1 enxas
PpaIndsqo)
Ayipnu [ented

sydeid
-0joyg—so3ew]

Kypnu paxIA sagew]

a3e100§

09PIA WOIJ 1912

-wetp idnd jo

JUSWAINSEOW

Jwelj-Aq
-owrelj [enuej

s3unured
pue sydeiSoy

Kypnu paxIA -oyg—soSew]

(ore0S A9s
-ury)) 1odar-Jjos

(ore0S A9S
-ury]) 11odar-jjog

110daI-J[o8

j10daI-J[o§

j10dor-J[o§

Kyunux
-wo)/A39[[0D
JANSIOATUN) 99°CT 67

Ayunw
-wo0)/339110D)
/Ans1oATun 8T'ET LOT

a39]

-[oQ/KNsIeAUN  §'HT 0T

uostd  69¢ ¢

Ayunw
-wo0)/3391[0D)
/AVsIoATU) 6T S

vsn

3N

30N

vsn

(S100)
‘Te 19 10391y 187

(€100
UREREREIN| T

(9100) T8 10
uosuyof-preny Ll

(L961)
‘2 19 109§ N

vsn (S961) T8 19 ss9H 6

K10391e0 10d
S[eLn JO JoquIinN

(swr)
Tern 1ad uoneing

ssou QIseaw
-1o017dX9 [enxog nuns asuodsar [idng

amseaw
JSQIOIUT [BNXS

Sumeg By N

Anuno)

‘ON

Apms Apms

uaw Aen) :ordureg

(ponunuoo) | sjqey

pringer

Qs



3395

Archives of Sexual Behavior (2021) 50:3385-3411

81

8

000°81

000°0€

000°01

0002

(swg
KI2A9 SUIPI0OAX
9rer opdwres
ZH 0001/00S)
I9yoen-94a pax
-BIJUT 9JOWIY
oIeasay

S urpeky
(swg
K13A9 SUIpI0d9aI
qrer ojdwres
ZH 0001/00S)
IorI)-9Ka par
-BIJUI 9JOWIY
[oIeasay

S qureAy
(swg
KI9A9 3UIpI0O21
9rer ojdwres
ZH 0001/00S)
Ioe1-9K9 par
-BIJUT QJOWIY
[oIeasay

S yureAg
(swr L99]
K13A9 Sur
-pI0531 9Yel
ZH (9) Ioxoen
-949 9qIqow

ZH 09-¢X Q0L

Aypnu 9)ordwo) 93e100J 09PIA

Aypnu gyerdwo) a3©100J 09pIA

(suor3ar [enxas
PaIndsqo)
Aypnu [ented

syderd
-0joyg—sogew]

syderd

Ayipnu paxIN  -0jJ0yJ—soFew|

(oreoS A9s
-ury]) 110dai-Jjog

(ore0g A9s
-ury]) 110da1-jjog

j10dar-J[o8

(oreos Ass
-ury]) 1odar-jjog

Kyunw
-wo)/A39[[0D
KISIOATUN)  £9¥

Ayunw
-wW0))/939[[0D
/AVISIOATUN) $1°9T

a39]

-[0Q/ANsIOATUN 11T

Amunw
-wo0)/A391[0D)
/AVSIOATUN)  6°9T

91 vsn

9L 3N

6l 3N

el N

(S100)
‘Te 10 1891y

(€100
‘Te 10 19301y

(9100 1810
uosuyof-preny

(6100)
‘e 30 uapmous

84

¥C

L1

¥

K10391e0 10d
S[eLn JO JoquIinN

(swr)
Tern 1ad uoneing

ssou
-1o017dX9 [enxog

aInseawr

nuns asuodsar [idng

amseaw
JSQIOIUT [BNXS

Sumeg o8y

N Anuno)

Apms

‘ON
Apms

uowr fenxasiq :

qrdureg

(panunuoo)

L 9|qeL

pringer

a's



Archives of Sexual Behavior (2021) 50:3385-3411

339

01

S

000°8T

000¢

000C

000§

000s

Kypnu gyerdwo)

Kyrpnu paxiy

Kyrpnu paxiy

(suor3a1 [enxas
PaInosqo)
Aypnu fenreq

(suor3a1 enxas
PpRIndsqo)
Aypnu [ented

33e100J 09pIA

sydeid
-0j0yd—s93ew]

syderd
-0joyg—soSew]

sydeid
-0joyd—soSew]

syderd
-0joyg—soSew]

(swg
K13A9 SuIpI099I
Jrer opdwres
ZH 0001/00S)
I90rI1}-9A9 par
-BIJUI QJOWY
[O18Is9Y

¥S Murredy
(sw 2997
K199 3ur
-p10291 QeI
ZH (09) Ioyoen
-949 9qIqowt

ZH 09-TX 1qO0L
(sw 2991
K139 Sur
-p102a1 Jjel
ZH (9) Ioyoen
-949 9qIqowt

ZH 09-TX 1'qoL
(swg
K19A9 SUIp10031
9rer ojduwres
ZH 0001/005)
IooeI-9Ka par
-BIJUI SJOWY
[OIBasaY

S Murreky
(sw g
KI9A9 3UIpI09921
9rex opdwres
ZH 0001/00S)
Iyoe1-949 par
-BIJUI QJOWY
[OIeasay

S JurTky

(oreos A9s
-ury)) 1odar-Jros

(ore0S A9s
-ury]) 1odar-jjos

(oreos Ass
-ury]) 1odar-jjog

110da1-J19§

110dai1-J198

Kyunuw
-wo)/A39[[0D
JANSIoATUN)

Kyunur
-wo)/a39[[0D
JANSIOATUN)

Arunw
-wo)/239[[0D
JANISIOATUN)

9391
-[0D/KISIoATU )

a39]
-[0D/ANsI0ATUN)

(8102
9T 6 3N

(6102)

9'1C 0T N ‘Te 19 uopmous S

(6100

I'€C 8T N [e 39 uspmoug v

(9100) B 10

g6l 0C SN uosuyor-preny z

(9107) Te

8'1C ¢ N uosuyor-preny I

K10391e0 10d
S[eLn JO JoquIinN

(swr)
[e1y 1od uoneingg

ssou
-1o017dX9 [enxog

1numg

qImsesw
asuodsar [idng

aInseawr
1SaJaul [enxas

Sumyeg

‘oN

ABYy N Anuno) Apmg Apmsg

UQWIOM [eNXas010)oy :o[dwes

(ponunuoo) | sjqey

‘e 19 spep L

pringer

Qs



3397

Archives of Sexual Behavior (2021) 50:3385-3411

81

£E®CI

Jrewd) G ‘orewr O

8

SI

(uonenp
a3e10A®) 6997

000°08T
2 000°0¢

000°0T

000°S

000°0T

00s¢

00s¢

Ayrpnu paxty

Kypnu gyerdwo)

(ATuo
9oe}) AJIpnu oN

Ayrpnu poxtA

Kyrpnu paxiy

Ayrpnu paxin

Kypnu gyerdwo)

sydeid
-0j0yg—soew|

93e100J 09PIA

sydei3
-0j0yg—sa3ewy

sogew|

syderd
-0joyg—soSew]

sydeid
-0j0yJ—sa3ewy

syderd
-0joyg—soSew]

(swg
K19A9 3UIpI092I
Jjer ojdwres
ZH 0001/00S)
I9¥oRI}-9K9 par
-BIJUL QJOWY
[OIeasaY
S qureky
(swg
K199 3UIpI0921
orex oidwres
ZH 0001/00S)
193oRI)-9A9 pal
-BIJUL SJOWY
[OIeasay
¥S urTeky
(9ex
ordures zH (0¢)
I1930RI}-9K9
00S PoadSTH
X-MIIATTINS
dI-S911-A
[opouw Wd)SAS
1jowordng
(s/3 7) @3e100§
03PIA WOIJ 199
-weip idnd jo
JUSWAINSBIW
owrexj-Aq
-OUIB1) [BNUBIA]
(981
ordwres zH (0S)
IorI)-9ka
00S Po2dSTH
X-MIIATTIAS
(9yex
ordues zH 00S)
Ioe1)-242
00§ P22dSIH
X-MIIATTINS

(ore0S A9s
-ury]) 1odar-jjos

(ore0s A9s
-ury]) 1odar-jjog

Y0

PapI0daI 10U
JSQIOYUT [BNXS

PapI0daI J0U
JSQIOIUI [BNXS

j10dar-J[os

j10dor-J[o8

3391
-[0D/ANsIoATUN)

Aunw
-wo)/A391[0D
JANSIoATUN)

939
-[0D/ANsIoATUN)

339
-[0D/ANsIoATUN)

a39[
-[0D/ANSsI0ATU)

a39]
-[0D/ANsIoATUN)

a39]
-[0D/ANsI0ATUN)

¥'ee

91T

gce

0C

£'6¢

I've

Sc

Iel

4!

(44

or

4!

81

N

p: 10}

KemION

vsn

vsn

Aueurron

Kuewrron

(L102) T2 10
uosuyo[-preNy 6C

(9100)
HUREREREIN| LT

(L007) 3199
|E®v:.m m u% MEDNI— mN

(rL61) [oweHq 61

(L961)
‘[e 19 nods 4!

(L102)
Te 30 UL 1

(81020)
e 10 ayuLg 01

K10391e0 10d
S[eLn JO JoquIinN

(swr)
Tern 1ad uoneing

ssou
-1o017dX9 [enxog

1numg

qImsesw
asuodsar [idng

amseaw
JSQIOIUT [BNXS

Sumyeg

By

N

Anuno)

‘oN

Apms Apms

UQWIOM [eNXas010)oy :o[dwes

(ponunuoo) | sjqey

pringer

a's



Archives of Sexual Behavior (2021) 50:3385-3411

(swg
K194 3uIpI10231
9rer opduwres

ZH 0001/00S)
I9Y0RI}-3K9 par
-BIJUI AJOWY

(uoneinp sydei3 [oIeasay] (oreos A9s 3391 (L102) Te 1R
81 o5eIoAe) 6997 Aypnu poxIN - -010yd—saSew] ¥S urpehyg  -ury) modor-jog  -[oD/ANSIeATUN  $°TT ST N uosuyof-preny 6¢
(swg

K139 SuIpI099I
Jjer opdwres

ZH 0001/00S)
I9¥0RI}-9A9 paI
-BIJUT QJOWIY Aunuw
000°081 oIeasay (ore0S Aos -wo)/e39][0) (9100
£E®T 2% 000°0¢  Aipnu djerdwio)  2FeI00§ 09PTA S yurpedy  -ury) odar-grog /AvsIeATun) - 9'T7 T€T 3N Te 10 10301y LT
(9ex
ordues zH 00S)
I90RI}-9K9
(Auo sydeid 00S paedSTH a39[ (L007) S10qua
O[eWd) G AfewW (] 000°01  99e)) AIpNU ON  -0)0YJ—SdFew] X-MIAAT TINS YO -[ep/ANsIeAT  ¢'TT b KemioN  -y[eq pue Suse] €T
AT-S911-A
[epow wa)sAs PapI0931 J0U 339
8 000°S Apnu poxtA sogew] Iopwoidng  Iseraul [enxe§  -[0D/ANSIOATU 0T CT vsn  (yL6T) [Pwey 61
(swg

KI2A9 SUIPI0OAX
9rer opdures

ZH 0001/00S)
I9yoen-94a pax
(suor3a1 enxas -RIJUT QJOWIY
PpaIndsqo) s3urmeIp [oIBasoy papioda1 jou a39] (1202)
C 000°01 Aypnu fenreq ourf—soSew| AS Tk 1SoIMUT [BNXAS  -[0D/ANSIOATUN) €67 Gf  SPUBMIOUIN  [B 19 JIUIM o or
(swg

KI9A9 3UIPI0AI
Jrer ojdwres

ZH 0001/00S)
I)oe1-9K9 par
(suor3ar [enxos -BIJUI 9)OUWIY
PaIndsqo) sydeid [OIeasay PopI0921 J0U a39] (1200
C 000°01 Aypnu fenreq  -ojoyg—sosewy S Jureky 1seI0)UT [BNXAS  -[0D/AVISIOATU()  T'ET €6  SPUBMOUION  [E 19 IWUIM o 6¢
1039180 10d (sw) ssou QInseauwr QInseauwt ‘ON
srern Jo roquny [ern 1od uoneing  -101[dx9 [enxaS nuns asuodsar [idng 1SQIQJUL [BNXIS Sumeg 98y N Anuno) Apmg Apmg

UQWIOM [eNXas010)oy :o[dwes

3398

(ponunuoo) | sjqey

pringer

Qs



3399

Archives of Sexual Behavior (2021) 50:3385-3411

000°081

£E®CI 2 000°0¢

€ 00081

8 000¢

Kypnu gyerdwo) 23©100J 09pIA

Kypnu yo1dwo) 93e100J 09PIA

sydes3

Ayipnu paxIN  -0joyJ—soSew|

(swg
KI9A9 3UIpI092I
Jrer ojdwres
ZH 0001/00S)
1930RI}-9K9 pal
-BIJUI 9)OUWINY
[oIeasay

US quITAH
(swg
KI9A9 3UIpI0O21
9rer ojdwres
ZH 0001/00S)
Ioen-94K9 par
-BIJUL 9JOWNY
[oIeasay

S Nurpeky
(sw £9°97 K19A9
SurpI0991 9)e1
ZH (9) Ioyoen
-9A2 9[Iqowt

ZH 09-¢X 1qoL

(oreos Ass
-ury]) 1odar-jjos

(oreoS A9s

-ury]) 1odar-jjog

(ore0s A9s
-ury]) 3110da1-jjog

Ayunw
-wo0)/339710D)
/Ansioatun) 267 901 AN

Kyunw
-wo)/A39[[0D
/AVSIOATUN) 7' 6 3N

Kyunw
-Ww0))/939[[0D

/Aus;amn 197 LI 3N

pringer

a's

(9102
QUREREREIN| 1T

(8102)
‘Te 10 SHeAy L

(6100
‘[e 39 uapmous ¥

K1039780 10d (sur)
s[eln jo roquinN  [ern Jod uonein

ssau

BlsliheRdively nung

aImseow
asuodsar jidng

amseawr
JSQIOIUI [ENXAS

Sumeg 9By N Anuno)

‘ON

Apmis Apmg

uswoMm ueiqsa :o[dwes

C 000°01

C 000°0T

(suor3ar [enxas
PpaIndsqo)
Aypnu [ented

s3urmeIp
QurT—sasew]

(suor3a1 [enxas
PpaIndsqo)
Kypnu [enied

sydeid
-0joygJ—soSew]

(swg
KI2A9 SUIPI0OAX
9rer opdures
ZH 0001/00S)
I9yoen-94a pax
-BIJUI SJ0WY
[oIeasay

AS Tk
(swrg
KI9A9 3UIPI0AI
Jrer ojdwres
ZH 0001/00S)
I)oe1-9K9 par
-BIJUL QJOWY
[OIBIsY

S Jureky

PapIodaI Jou
JSQIOIUT [BNXS

PapIodal Jou
JSQIO)UT [BNXS

a39]

-J0D/ANSIOATU) €67 Sy SPURHAYION

a39]

-[O/ANSIGAIUN)  T'ET €S SPUBLIOYRN

(1202

T8 39 UM 20 ov

(1200)

Te 19 IUIM 3(J 6¢

1039180 10d (sw)
s[ern jo roquinN  [ern xod uoneing

ssau

-31o11dxa [enxog numg

qImsesw
asuodsar [idng

amseaw
JSQIOIUT [BNXS

Sumeg By N Anuno)

‘ON

Apms Apms

UQWIOM [eNXas010)oy :o[dwes

(ponunuoo) | sjqey



3400

Archives of Sexual Behavior (2021) 50:3385-3411

Table 1 (continued)

(5

Duration per trial Number of TRI-

Sexual explicit-

ness

Stimuli

Pupil response

measure

Sexual interest

measure

Setting

N  Age

Country

Study

Sample: Bisexual women

Study
No.

Springer

ALS per category

(ms)

2000

Images—Photo-  Mixed nudity

Tobii X2-60 Hz

Self-report (Kin-
sey Scale)

University/

24.3

UK 21

Snowden et al.

graphs

mobile eye-

College/Com-
munity

(2019)

tracker (60 Hz
rate record-
ing every
16.67 ms)
EyeLink SR

12&3

Complete nudity 30,000 &

Video footage

Self-report (Kin-
sey Scale)

108 22.9  University/

UK

Rieger et al.

27

180,000

Research

College/Com-
munity

(2016)

Remote infra-

red eye-tracker
(500/1000 Hz
sample rate

recording every

2 ms)

Cohen’s d measured the average difference in pupil size dur-
ing the viewing of images of men and women. Separate meta-
analyses were conducted for the different gender and sexual
orientation groups (i.e., heterosexual men, bisexual men, gay
men, heterosexual women, and lesbian women). No analy-
sis of bisexual females was possible due to the insufficient
number of studies (k=2). Positive effect sizes indicate larger
pupil size for same-sex stimuli, whereas negative effect sizes
indicate larger pupil size for other-sex stimuli. Cohen’s d val-
ues of 0.20 reflect “small,” 0.50 “moderate,” and 0.90 “large”
effects (Cohen, 1988). For comparison, examples of typical
effect sizes for genital arousal measures while viewing male
versus female sexual erotica are d =1.03 for heterosexual
men (Jabbour et al., 2020) and d =3.20 for gay men (Semon
et al., 2017), and d=0.41 for Viewing Time measures in
heterosexual and gay men (O Ciardha et al., 2018). An effect
size for women of all sexual orientations may not provide
a useful comparison since the direction of genital response
patterns are varied across studies (see, for example, Chivers
et al., 2004; Chivers, 2005; Rieger et al., 2015). However, an
example of an effect size measuring genital arousal in het-
erosexual women is d=0.64 with greater arousal to same-sex
stimuli (Chivers et al., 2004) and d =0.22 with no difference
between male and female stimuli for Viewing Time measures
(Xuetal., 2016).

All effect sizes where the 95% CI excludes 0 are equiva-
lent to being statistically significant at p <0.05. When con-
fidence intervals for two variables do not overlap, these can
be considered as being statistically different from each other,
p<0.01.

Meta-Analysis

Meta-analysis is a statistical method to aggregate weighted
findings from multiple samples, presuming the aggregation
of findings reflects a more accurate measure of the true effects
of a particular variable of interest than individual samples.
Findings across samples were aggregated using both fixed-
effect and random-effects meta-analysis (Borenstein et al.,
2009). Fixed-effect meta-analysis assumes that all studies
are estimating the same underlying effect and any variabil-
ity in this estimate is due to sampling error alone (Welton
et al., 2012). Random-effects meta-analysis, on the other
hand, relaxes this assumption by allowing for variability in
the true effect size between studies. In this model, each study
has its own unique underlying effect, which in turn is gen-
erated from a probability distribution of effect sizes. Thus,
the unique underlying effects for studies can be informally
thought of as random samples from a distribution of effect
sizes (Welton et al., 2012).

When variability across samples is low (Q < degrees
of freedom), fixed-effect and random-effects meta-analy-
ses produce identical results. While both fixed-effect and
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random-effects results are presented, we focused on the fixed-
effect model for interpretation as all the results are based on
a small number of samples (k < 30) and the between-study
variability component necessary for random-effects analyses
(.e., T2, tau) becomes imprecise as the number of samples
decreases (Schulze, 2007).

We used Cochran’s Q and I statistics to test the degree
of heterogeneity across samples. Cochran’s Q statistic tests
whether variability across samples in an effect size is larger
than would be expected by sampling error. The I* value is
akin to a measure of effect size variability across samples
and indicates the variability due to true heterogeneity, above
and beyond what is expected by sampling error as opposed
to chance. The I statistic can be compared across analyses,
whereas O cannot when the number of samples (k) varies
across analyses. As a general heuristic, /2 values of 25% are
considered low, 50% moderate, and 75% high variability
(Higgins et al., 2003).

Meta-analyses can be strongly influenced by unusually
small variance, typically due to unusually large sample sizes
in between-subject d meta-analysis, but in within-subject
meta-analyses such as the current study, by unusually large
correlations estimates. Particularly in moderator analyses
(when k decreases), the effects of other studies can largely
disappear in the presence of a particularly heavy-weighted
study. As in other meta-analyses (Hanson & Bussiere, 1998),
a study was considered an outlier and excluded if it had an
extreme weight, the overall Q was significant, was the most
extreme value, and it accounted for more than 50% of the
overall Q. The exception to this rule was for analysis which
only included three or fewer studies such that none of the
studies were considered outliers. In addition to outliers,
meta-analyses can also be strongly influenced by unusually
large sample sizes. Therefore, to reduce the influence of an
unusually heavy-weighted study, we artificially gave such a
study only 10% more weight than the next largest study (see
online supplement).

Moderator Analyses

When there was a reasonable amount of variability in an
aggregated effect size (I>>20%) and sufficient samples
reporting on the moderator of interest (2 for each level of the
categorical moderator), between-level Q statistic analyses
were conducted (Borenstein et al., 2009). A statistically sig-
nificant between-level Q statistic analysis indicates that the
moderator explains a significant portion of the variability
across samples, above what would be expected by sampling
error alone. Moderators examined included stimulus sexual
explicitness (i.e., degree of nudity—complete nudity, par-
tial, or dressed), pupillary measurement technique (i.e., eye
tracker system used), and whether a self-report measure of
sexual orientation was included.

Publication Bias

Publication bias occurs when studies in peer-reviewed jour-
nals have systematically different results from studies that are
never published (Song et al., 2013). As such, publication bias
can be a threat to meta-analysis validity if published studies
are not representative of all studies that have been done on the
topic (Rothstein et al., 2005). In the present study, two main
publication bias tests were conducted: P-curves (Simon-
sohn et al., 2014a, 2014b, 2015) and funnel plots (Light &
Pillemer, 1984; Sterne & Egger, 2001; Sterne et al., 2011).
P-curves were generated using the “dmetar” package v. 0.0.9
(Harrer et al., 2019) in R v.3.62. (R Core Team, 2019), and
funnel plot tests were conducted with the “meta” R package
v. 4.10 (Balduzzi et al., 2019).

P-curves test whether the meta-analysis results can be
explained by selective reporting practices such as p-hacking.
A set of studies are said to have evidential value (i.e., repre-
sent a true effect) if the distribution of significant p values
is right-skewed. This happens because smaller p values are
more likely to occur in the presence of a true effect compared
to p values close to 0.05. If the effect does not exist (and
there is no p-hacking), the distribution of p values would
be uniform. However, if there is p-hacking, the distribution
would be left-skewed because there will be a disproportionate
number of p values close to 0.05 (Simonsohn et al., 2014a).

The funnel plot is a technique where the study effect sizes
are plotted against a measure of their precision, such as the
standard error (Sterne & Egger, 2001). In the absence of bias,
studies are expected to form a symmetrical funnel shape,
where more precise studies appear narrowly at the top of
the plot and less precise studies scatter more widely at the
bottom. However, if the funnel shape appears asymmetric
because studies are missing from one side of the plot, this
could indicate the presence of publication bias (though pub-
lication bias is not the only possible cause of asymmetry; see
Sterne et al., 2011).

Results

The characteristics of the approaches and protocols used for
measuring pupillary responses for the studies included in
this meta-analysis is summarized in Table 2. The majority of
studies confirmed sexual interests of the participants with a
measure of self-report sexual orientation (k=15), while four
studies (De Winter et al., 2021; Hamel, 1974; Scott et al.,
1967) did not record sexual orientation and instead assumed
all participants were heterosexual. All included studies used
images (k= 15) or video footage (k=4) comprising either
an adult male or female presented completely nude (k=5),
partially nude (i.e., sexual regions only obscured with cloth-
ing or image manipulation; k=35), dressed (k= 1), or mixed

@ Springer
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Table 2 Meta-analysis results
of pupil dilation as a measure of
sexual interest

Group Fixed-effect Random-effects 0] P (%) k N
d 95% C1 d 95% CI

Heterosexual men -.26 [-0.35,-0.18] —-.55 [-0.80,—-0.29] 105.90* 86.8 15 550

Gay men .26 [0.13,0.38] 28 [0.11,0.44] 6.68 40.14 5 65

Bisexual men 91 [0.65, 1.16] A7 [ —0.43, 1.37] 31.11*  90.36 4 124

Heterosexual women —.06 [—0.15, 0.03] —-.07 [-0.31,0.16] 73.33* 83.64 13 403

Lesbian women -1.01 [-1.30,-0.72] —-.58 [-3.74,2.58] 205.44*% 99.03 3 132

Bisexual women - — - - — _ -

Heterosexual men analysis included studies 1, 2, 5, 7, 9, 10, 11, 14, 15, 17, 24, 29, 39, 40, 41; gay men
included studies 7, 9, 15, 17, 41; bisexual men included studies 4, 17, 24, 41; heterosexual women included
studies 1, 2, 5, 7, 10, 11, 14, 19, 23, 27, 29, 39, 40, lesbian women included studies 4, 7, 27; there were
insufficient bisexual women studies for analysis

d: effect size in Cohen’s d; CI: confidence interval; Q: y” test statistic of heterogeneity; I>: percentage of
variability between studies that can be attributed to heterogeneity rather than sampling error. k: number of

studies included in the analysis. N: total number of participants on which the analysis is based

*Statistically significant

stimulus sets depicting people in a range of explicitness
(i.e., a mixture of nude, partially nude, and dressed images;
k=38). The number of trials per category ranged from 1 to
48 (median =8), and the stimulus duration ranged from 2 s
to 3 min (median =10 s). The majority of studies conducted
since the year 2000 measured pupillary responses using eye-
tracking technology, such as the SR EyeLink 1000 or SMI.
However, many of the earlier studies measured pupil size
manually, typically by recording video footage of the eyes
of observers, while these viewed stimulus images, and then
manually measuring pupil size in image stills taken from this
video footage (Hess et al., 1965).

The results from the meta-analysis are also presented
in Table 2 and visualized in Fig. 1. The fixed-effect meta-
analysis for heterosexual men yielded a small negative effect
(d=-0.26, fixed-effect model), indicating that they exhibited
greater pupil dilation to other-sex (i.e., female) compared to
same-sex (i.e., male) stimuli.! There was significant variabil-
ity in the studies (12 =87%), however, above and beyond what
would be expected based on sampling error alone.

In contrast to heterosexual men, gay men showed greater
pupil dilation to same-sex stimuli compared to other-sex
stimuli. The effect size was similar in magnitude (d=0.26
in the fixed-effect model and d =0.28 in the random-effects
model) and was statistically significant as the 95% CI again
excluded 0. Additionally, the effects were relatively consist-
ent across studies (I =40%). Therefore, in line with their

! The random-effects model yielded a larger effect size (d=-.55). This
occurred mostly because the random-effects model tends to assign
greater weight to smaller studies, which happened to have larger nega-
tive effect sizes in general (see Fig. 1a). Fixed-effect models are inter-
preted in the Results because random-eftects require larger number of
studies (closer to 30 non-overlapping samples) to estimate between
study variability (tau) accurately.

@ Springer

reported sexual orientation, gay men showed stronger pupil
dilation to male stimuli.

The results for bisexual men yielded a similar pattern to
that of gay men. Bisexual men also showed greater pupil
dilation to male stimuli, but the effect size was considerably
larger than that of gay men (d=0.91). There was large vari-
ability between studies (I>=90%).

The results for heterosexual women showed a very small,
statistically non-significant, negative effect size (d=—0.06
in the fixed-effect and d =—0.07 in the random-effects meta-
analysis), indicating slightly greater pupil dilation to other-
sex (male) stimuli. Therefore, while the effect was in the
expected direction, its magnitude was modest. The effect did
not reach statistical significance as the 95% CIs included 0.
There was large variability between studies (I =83%).

Finally, lesbian women showed greater pupil dilation
to other-sex (male) stimuli (d=—1.01). The meta-analysis
estimate was not significant as the 95% ClIs included 0 and
variability between studies was high (> =99%). This result
is contrary to predictions as lesbian women were expected to
exhibit greater pupil dilation to same-sex stimuli. However,
this result needs to be interpreted with caution, as the effect
size estimate was likely strongly influenced by one of the
three included studies (No. 4; Snowden et al., 2019, Exp.1),
which had a very large negative effect size (d=—3.35; see
Fig. le). Even though study No. 4 had a smaller sample
size (N=17) compared to study No. 27 (Rieger et al., 2016,
Exp.2; N=106), the weight of the two studies in the meta-
analysis was almost the same (45.3% vs 44.4% in the fixed-
effect model, respectively). This was because study No. 4 had
smaller standard deviations compared to study No. 27, which
compensated for the smaller sample size in the variance cal-
culation of the effect size. Thus, the combination of similar
weights, the overall small number of available studies in the
meta-analysis, and the large (negative) effect size of study
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No. 4 likely contributed to the pooled meta-analysis effect
being negative. No analysis of bisexual females was possible
due to the insufficient number of studies (k=2).2

Moderator Analyses

The results of the moderator analysis are presented in Table 3
for heterosexual men and in Table 4 for heterosexual women.
These analyses tested whether the effect sizes are moderated
by: (1) how pupil size was measured; (2) whether a self-
report measure of sexual interest was administered or not; (3)
whether the correlation between group means was reported
or estimated from other studies; and (4) whether participants
were exposed to a high, low, or a mixed level of nudity.

The effect size was significantly moderated by pupil meas-
urement for both heterosexual men and heterosexual women.
For heterosexual men, the effect was much stronger when
measured with an EyeLink eye-tracker, and much weaker
when measured with other equipment. In contrast, for het-
erosexual women, the largest effect size was obtained with
manual pupil size recordings demonstrating larger pupils for
other-sex stimuli.

Effect sizes were not moderated by whether the study
included a self-report measure of sexual interest. This sug-
gests that studies that reported such a measure had compa-
rable effect sizes to those that did not report it and instead
presumed that participants were heterosexual.

The type of correlation estimation also significantly mod-
erated the effect sizes for both heterosexual men and women.
For men, the effect size was stronger when the correlation
could be extracted from the paper compared to when it had to
be estimated using data from other similar studies. The effect
sizes for heterosexual women had similar magnitude for both
actual and estimated correlations. Critically, however, the
effect size for estimated correlations was negative (consistent
with predictions), whereas the effect size for actual correla-
tions was positive (contrary to predictions).

Finally, the level of sexual explicitness of the visual stim-
uli also significantly moderated effect sizes for both hetero-
sexual men and women. In men, the strongest effect sizes
were found for low explicitness (i.e., studies with stimuli of
partially nude people with obscured sexual regions), followed
by high explicitness (i.e., completely nude stimuli). Mixed
explicitness (i.e., stimuli containing a combination of high
and low) in men led to an effect size close to 0. In contrast,
the effect size for heterosexual women was positive for low
explicitness (contrary to predictions) but negative for high

2 This number reflects the number of studies with datasets that com-
prise a unique sample, which is a requirement for a meta-analysis.
Therefore, when studies have the same sample, or overlapping samples,
only one of the studies is included in the analysis.

and mixed explicitness (in line with predictions). In sum-
mary, while significant moderation was found for three out
of the four considered variables, the pattern of results was
generally inconsistent across heterosexual men and hetero-
sexual women. This suggests that some of the differences in
the moderator analyses may have to do, at least in part, with
methodological differences in how pupil dilation is studied.

Publication Bias

Only the analyses for heterosexual men and heterosexual
women had sufficient studies to be assessed for publication
bias. The results are shown in Figure S3 in Online Supple-
mentary Materials. Both p-curves were right-skewed, indi-
cating that at least some of the studies show evidential value
(i.e., represent a true effect). Therefore, the results are not
likely to be explained by selective reporting based on p val-
ues. Note that estimating the “true” effect from p-curves is
not recommended in cases with high heterogeneity, such as
the present analyses (van Aert et al., 2016).

The funnel plots for the heterosexual male and hetero-
sexual female analyses are presented in Figure S4 in Online
Supplementary Materials. A visual investigation of the fun-
nel plot for heterosexual women revealed no clear evidence of
asymmetry. This was confirmed with Egger’s regression test
(Egger et al., 1997), which showed no significant evidence
for funnel plot asymmetry, #(11)=0.15, p=0.880. Therefore,
there was no evidence that studies with heterosexual women
were influenced by publication bias. In contrast, the funnel
plot for heterosexual men suggested possible asymmetry, as
studies were missing from the lower right side of the plot.
Studies No. 1, 2, and 41 had large, negative effect sizes but
also large variance, indicating lesser precision in the esti-
mate. While it is not immediately obvious what study char-
acteristics contributed to this, there was a lack of similarly
large positive effect sizes with lesser precision on the left side
of the funnel plot, thus leading to the apparent asymmetry.
Egger’s test confirmed the significant presence of asymmetry
for heterosexual men, #(13)=3.53, p=0.004.

The funnel plot asymmetry for heterosexual men suggests
that publication bias may be present. To assess its influence
on the results, we used Vevea and Woods’ (2005) bias selec-
tion model. This method uses weight functions to model the
mechanisms through which effect sizes may be suppressed
by publication bias and returns an adjusted estimate that
corrects for this bias (Vevea & Coburn, 2019). The results
from four such weight functions are presented in Table S1
(see Online Supplementary Materials). The average adjusted
effect size across the four models was —0.17 (range: —0.15,
—0.21) for the fixed-effect meta-analysis and —0.61 for the

@ Springer
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Table 3 Moderator analyses for Fixed-effect Random-effects 0 P%) k N
heterosexual men
d 95% CI d 95% C1

Pupil measurement -.26 [-0.35,-0.18] —-.55 [-0.80,—-0.29] 105.90* 86.8 15 550
Manual —-.07 [-0.23,0.09] —.18 [-0.53,0.18] 8.44% 76.19 3 20
EyeLink —-.68 [-081,-054] —-.85 [-1.20,-0.50] 36.69* 782 9 481
SMI —.11 [-0.30, 0.08] —.14  [-0.41,0.14] 1.77 4354 2 31
Tobii - - - - - - - -
Obetween 55.25%
Sexual interest measure —.26 [—0.35,—-0.18] —.55 [-0.80,—-0.29] 105.90* 86.8 15 550
Not recorded ? -36 [-049,-0.22] -.37 [-0.87,0.13] 28.42* 9296 3 241
Self-report -.21 [-031,-0.10] —-.62 [-0.94,-0.31] 74.53* 8524 12 309
Qe 2.95
Correlation estimation —.26 [—0.35,—-0.18] —-.55 [-0.80,—0.29] 105.90* 86.8 15 550
Estimated .07 [—0.06, 0.20] .09 [0.00, 0.18] 1.07 0 3 33
Actual -.50 [-0.61,—-039] —-.75 [-1.04,-046] 61.91* 8223 12 517
Obetween 42.92%
Stimuli® -.26 [-035,-0.18] —-.55 [-0.80,—0.29] 105.90* 86.8 15 550
High explicitness -.27 [-045,-0.10] —-.63 [-1.22,-0.05] 21.29* 8591 4 147
Low explicitness —-.66 [-0.82,-0.51] —-1.01 [-1.53,-0.50] 27.97* 857 5 331
Mixed —.03 [-0.15,0.08] —.15  [-0.39,0.09] 17.05*  70.68 6 72
Oreveen 39.59+

No eligible studies with non-nude stimuli. d: effect size in Cohen’s d; CI: confidence interval; Q: )(2 test sta-
tistic of heterogeneity; I*: percentage of variability between studies that can be attributed to heterogeneity
rather than sampling error. k: number of studies included in the analysis. N: total number of participants on

which the analysis is based

*Statistically significant

“Includes studies where sexual interest was not reported and/or not recorded. Participants were assumed

heterosexual

bHigh explicitness = completely nude, low explicitness =partially nude, and mixed =a mixture of high and

low or not specified

random-effects meta-analysis (range: —0.48, —0.80). There-
fore, while the corrected random-effects estimate was similar
to the original one, the corrected fixed-effect estimate was
65% smaller on average. In summary, the true effect size
for heterosexual men may be smaller in magnitude (at least
for the fixed-effect model) and this should be kept in mind
when interpreting the results. However, even in the presence
of such bias, the effect size was still negative, thus indicat-
ing that heterosexual men showed greater pupil dilation to
female stimuli.

3 The larger variability in the adjusted random-effects estimate likely
occurs, at least in part, because the bias selection model also adjusts the
between-study variance of the model.

@ Springer

Discussion

This meta-analysis examined whether changes in pupil size
in response to viewing images of adult males and females can
provide a consistent measure of sexual orientation in men and
women. Overall, this was found to be the case for gay and
heterosexual men, whereby heterosexual men showed greater
pupil dilation to other-sex (i.e., female) stimuli, and gay men
showed greater pupil dilation to same-sex (i.e., male) stimuli.
The overall effect sizes for these observer groups ranged from
small to moderate across studies, similarly to other measures
of sexual interest using cognitive tasks (e.g., Viewing Time,
O Ciardha et al., 2018), but smaller effect sizes relative to
those obtained with genital arousal measurements (e.g., Jab-
bour et al., 2020; Semon et al., 2017). Results for bisexual
men demonstrated the same direction of effect as gay men, of
greater pupil dilation to male than to female stimuli. In fact,
this effect was larger for bisexual than for gay men. Previ-
ous studies recording pupil dilation and genital arousal have
found varied response patterns such that men who identify as
bisexual inconsistently demonstrate arousal to both men and
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Table 4 Moderator analyses for Fixed-effect Random-effects 0 P& k N
heterosexual women
d 95% CI d 95% C1
Pupil measurement —-.06 [-0.15,0.03] -.07 [-0.31,0.16] 73.33* 83.64 13 403
Manual —.14 [-0.31,0.04] —.13 [-0.32,0.05] 1.03 305 2 32
EyeLink .02 [-0.14,0.17] .02 [—0.43,0.48] 47.14% 8727 7 305
SMI .06 [-0.12,0.24] —.18 [-0.88,0.53] 18.14* 8898 3 46
Tobii - - - - - - - -
Oreveen 702
Sexual interest measure —.13 [-0.22,-0.03] -.13 [-0.36,0.10] 5591* 80.33 12 350
Not recorded® —.12 [-0.27,0.04] —.12 [-0.27,0.04] 1.23 0 3 77
Self-report —.13 [-0.25,0.01] —.14 [-0.48,0.20] 54.66* 85.67 9 273
Oreeen 0.02
Correlation estimation .02 [—0.08,0.11] .06 [—0.14, 0.26] 39.89*% 7493 11 258
Estimated -19 [-0.33,-0.05] -.22 [-0.34,-0.10] 2.03 132 3 52
Actual 18 [0.06, 0.31] .19 [—0.06, 0.44] 22.38* 68.72 206
Obetween 15.48%*
Stimuli® —-.05 [-0.15,0.04] —-.04 [-0.27,0.20] 56.67* 8235 11 375
High explicitness —.10 [-0.27,0.07] —-.26 [-0.86,0.34] 20.94*% 9045 3 158
Low explicitness 35 [0.16, 0.55] 42 [0.03, 0.81] 9.09*%  66.99 140
Mixed -.22 [-0.35,-0.08] —-.23 [-0.38,—-0.07] 4.17 2799 4 77
Opetveen 22.47%

No eligible studies with non-nude stimuli. d: effect size in Cohen’s d; CI: confidence interval; Q: )(2 test sta-
tistic of heterogeneity; I*: percentage of variability between studies that can be attributed to heterogeneity
rather than sampling error. k: number of studies included in the analysis. N: total number of participants on

which the analysis is based

*Statistically significant

“Includes studies where sexual interest was not reported and/or not recorded. Participants were assumed

heterosexual

bHigh explicitness = completely nude, low explicitness =partially nude, and mixed =a mixture of high and

low or not specified

women (Rieger & Savin-Williams, 2012; Rosenthal et al.,
2011). However, in some studies this group has also exhib-
ited a stronger arousal response to men (Rieger et al., 2005;
Slettevold et al., 2019; Tollison et al., 1979). These diverse
findings suggest that although sexual arousal is one facet
in an individual’s identification with a sexual orientation,
other aspects are likely to be involved, too. One such fac-
tor is sexual curiosity. This has been found to interact with
arousal responses in bisexual men, whereby those with lower
levels of sexual curiosity are more aroused by same-sex men
compared to those with higher level of sexual curiosity, who
record bisexual arousal patterns (Rieger et al., 2013).

A different pattern was observed with female observers.
Heterosexual women showed a trend of larger pupil sizes
during the viewing of other-sex (i.e., male) stimuli, but the
magnitude of this effect was small and not significant. The
gender differences in the strength of responses observed
here are consistent with those found in the wider literature
on the measurement of sexual interest in men and women
using other physiological measurement techniques, such
as direct measures of genital arousal (Chivers et al., 2004).

Similarly to the inconsistent pattern of responding in bisexual
men, it is possible that sexual arousal is only one element in
women’s sexual identification and may form a smaller part in
the makeup of their sexual orientation than in heterosexual
men (Peplau & Garnets, 2000). We return to this issue in the
“Moderators of Pupil Response Measures™ section.

The responses of bisexual women were not analyzed due
to an insufficient number of studies (Rieger et al., 2016;
Snowden et al., 2019). Lesbian women showed greater dila-
tion to other-sex stimuli. While this last result was unex-
pected, the analysis included only 3 studies (total N=132)
and was affected by one outlier study with a large negative
effect size. As the analyses of gay and bisexual groups were
also based on a limited number of either 3 or 4 studies, the
meta-analysis of these should be considered as preliminary
until more evidence becomes available.

Finally, we note that in this study the difference scores in
pupil responses for images of men and women were calcu-
lated separately for male and female observers. This provides
separate response patterns and effect size estimates for men
and women of different self-reported sexual orientation. This
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approach is applied most frequently in this literature and was
taken here to examine the potential applicability of pupillary
response in assessing sexual interest within each group. How-
ever, some studies also include comparisons between male
and female observers, or between sexual orientation groups,
for each image category (Rieger et al., 2012; Savin-Williams
etal., 2016). These between-subject comparisons would yield
different effect sizes and may also produce a different pattern
of results to this meta-analysis.

Moderators of Pupil Response Measures

We examined three moderators associated with methodo-
logical variations across studies: the sexual explicitness of
stimuli, the methodological technique applied to measure
pupillary response, and the inclusion of a subjective meas-
ure of sexual orientation or preference. Moderator analysis
was only performed for heterosexual men and heterosexual
women due to the insufficient number of studies for this anal-
ysis for the other participant groups. In heterosexual men,
visual stimuli which comprised of partially nude images of
people provided greater discrimination compared to studies
using highly sexually explicit stimuli (i.e., complete nudity).
Stimulus sets that comprised a mixture of explicitness level,
such as dressed, partially nude, or completely nude, produced
negligible effects. However, it is important to note that stimu-
lus type might have been confounded with other possible
moderators, such as the approach used to measure pupillary
responses. Pupillary responses measured using an EyeLink
eye trackers, for example, provided greater discrimination of
pupil size change for male and female images in heterosexual
men compared to other equipment.

These findings indicate that pupil response measurement
and stimulus type can provide a source of variability. The
specific effects of stimulus type and approach to measuring
pupillary response are difficult to untangle because the three
categories of explicitness (fully nude, partial or no nudity, and
mixed nudity) do not span across the different types of pupil-
lary response measures. For heterosexual men, for example,
all studies with partially nude stimuli in the meta-analysis
also applied EyeLink eye trackers to measure pupil response
(Attard-Johnson et al., 2016; De Winter et al., 2021), while
none of the studies using other techniques (i.e., SMI/Tobii
eye trackers, manual measurement) included comparable
stimuli of in low explicitness. In contrast, fully nude stimuli
were employed by studies using EyeLink (Rieger et al., 2013;
Watts et al., 2018) and SMI eye trackers (Finke et al., 2018),
but not by any of the studies with Tobii eye trackers or manual
pupil measurement. This could provide some explanation for
a larger effect being observed for studies using partially nude
compared to studies using more sexually explicit stimuli (i.e.,
complete nudity).

@ Springer

In heterosexual women, stimuli with low sexual explicit-
ness demonstrated a moderate positive effect size (i.e., larger
pupils when viewing persons of the same-sex), but a negative
effect size (i.e., larger pupils when viewing other-sex stimuli)
when mixed stimulus sets were used. The effect size for high
sexual explicitness was negligible. These divergent findings
could reflect the general pattern of inconsistency in female
responding across studies and sexual arousal assessments
more widely (Chivers, 2005; Chivers et al., 2010). Several
theories have been proposed to explain inconsistencies in
female sexual responding and comprehensive reviews have
been published (see, for example, Chivers, 2005, 2017; Chiv-
ers et al., 2010). These theories include a range of methodo-
logical, biological, psychological and sociological factors.
For example, potential differences could result from hormo-
nal variations associated with fertility and menstrual cycle
(Diamond, 2007; Shirazi et al., 2018), identification with the
sexual pleasure that is perceived in other women leading to
an arousal response to same-sex stimuli (Chivers, 2017), and
greater malleability of sexuality by external contextual influ-
ences such as relationships (Baumeister, 2000). These pos-
sibilities have not been explored here (for a complete review
of theories, see Chivers, 2017).

The comparatively small effect for stimuli of high sexual
explicitness that was found in this meta-analysis could pro-
vide some support for the preparation hypothesis (Dawson
et al., 2013; Lalumiere et al., 2020), which suggests that
any strong sexual cues provoke an indiscriminate arousal
response to prepare a woman for the possibility of a sexual
encounter (Chivers, 2017; Laan & Everaerd, 1995; Suschin-
sky & Lalumiére, 2011). However, there is no clear explana-
tion for the opposing effects of the mixed and low explicit-
ness stimuli that were revealed in the current meta-analysis.
Furthermore, the analysis considers difference scores of
pupillary responses between male and female images, and
from this it is therefore not possible to conclude whether
the small effect is a result of no dilation or pupil dilation to
a similar degree for both images. We also cannot exclude
the possibility that other moderating factors could have con-
tributed to this finding. For example, studies in both these
subcategories included participants who were not asked to
report their sexual orientation and were therefore assumed to
be of heterosexual orientation (for example, De Winter et al.,
2021; Hamel, 1974; Scottet al., 1967). Yet, the prevalence of
same-sex behavior is reported to be higher in women com-
pared to men (Diamond, 2016) with a difference of around
9% (7% of men versus 16% of women; Mercer et al., 2013).
Thus, it is conceivable that the samples in these studies also
contained a proportion of women who would have identified
as bisexual or gay more so than samples of men. We note,
however, that the moderator analysis also included measure-
ment of sexual interest (i.e., whether researchers recorded



Archives of Sexual Behavior (2021) 50:3385-3411

3407

self-reported sexual interest or assumed participants were
heterosexual) and this was not found to moderate effect sizes.

Taken together, the findings from the present meta-analy-
sis suggest that differences in type of stimulus and measure-
ment technique across studies might not only influence the
degree of pupillary response effects of sexual interest, but
also the direction of these effects. Additional primary stud-
ies are required to draw firm conclusions on the individual
influence of any of the moderators examined in the current
meta-analysis.

Limitations and Future Research Directions

Due to the low number of studies that were available, we
were selective in the choices of variables that were used in the
moderator analysis. Consequently, other potential variables
associated with methodological techniques were not included
in the meta-analysis, such as low-level stimulus character-
istics. Image luminance, for example, has the potential to
evoke bottom-up pupillary responses that might interfere
with responses to the task-specific processes under investiga-
tion. One mechanism through which such interference could
occur is the pupil light reflex, which refers to the constriction
or dilation of the pupil in response to changes in the intensity
of light levels that enter the eye (Ellis, 1981). The pupils
begin to constrict within 200 ms after an increase in light,
reaching a minimum diameter of approximately 2 mm at
around 1500 ms (Mathot, 2018). However, precise durations
and pupil sizes vary depending on the intensity of the light
change and individual differences (Ellis, 1981). In addition
to luminance, color of the perceived light can also influence
the duration of a constriction. For example, while blue light
leads to sustained constriction of the pupil beyond 1500 ms,
red light leads to a degree of re-dilation in the absence of
light change, termed pupil escape (Mathot, 2018). Variations
in image luminance and color might, therefore, be a factor
to consider when measuring pupillary responses to visual
stimuli.

One method for controlling this factor is to equalize bright-
ness across stimuli to match the mean luminance of the stimu-
lus set (Attard-Johnson et al., 2016; Snowden et al., 2019).
However, while this approach eliminates mean luminance
differences across images, it could also create additional
artifacts by introducing distortion of natural luminance lev-
els within images, such as light—dark contrasts. Such image
distortions might decrease the realism of images and could
unwittingly interact with the attractiveness of a depicted per-
son or draw the observer’s attention to information in images
that is irrelevant for the task at hand. In the study of pupillary
responses as an index of sexual interest, only a few stud-
ies have so far adopted such luminance manipulations, with
results that are difficult to assimilate, demonstrating a need
for further research (cf. Attard-Johnson et al., 2016; Snowden

et al., 2019). However, most studies in this meta-analysis
also demonstrate divergent pupillary responses to the same
stimuli, based on differences in observers’ sex and sexual
orientation, indicating that low-level image characteristics
are unlikely to explain the study findings.

Another factor that was not included in the meta-anal-
ysis here is the approach that is taken to analyze pupillary
response data, which also varies across research studies. A
recent paper compared four widely used methods for analyz-
ing pupil responses (Attard-Johnson et al., 2019). Specifi-
cally, Attard-Johnson et al. analyzed (unadjusted) raw pupil
scores obtained from eye-tracking, z-scores of this data, a
conversion of the pupil data that captures differences between
conditions in terms of the percentage change in eye pupil size,
and pupillary responses that have been adjusted on the basis
of a baseline measure. They reported that fundamental pupil-
lary response patterns were consistent across all methods.

Finally, although it was possible to obtain information on
all three methodological moderators from published sources
or from direct contact with the authors, we could not acquire
the actual correlations for pupil responses between male and
female stimuli for some of the earlier studies included in the
meta-analysis. Therefore, estimated correlations were used
as a proxy when coding these studies. Actual correlation data
produced a larger effect size compared to estimated correla-
tions for heterosexual men. For heterosexual women, actual
and estimated correlations produced effect sizes of similar
magnitude but in different directions. In order to facilitate
accumulation of knowledge, studies on pupil responses
should provide correlations between sets of stimuli.

Implications for the Measurement of Sexual Interest

The current meta-analysis offers some tentative guidance
for the measurement of pupillary responses of sexual inter-
est. Across both heterosexual men and women, the low
sexual explicitness stimuli (comprising partial or no nudity)
appeared to provide clearer discrimination in pupillary
response to sexual interest compared to high explicitness
stimuli (complete nudity). We note, however, that for hetero-
sexual women this effect was not in the direction consistent
with their sexual orientation. Current evidence is too limited
to determine whether some eye-tracking apparatus are better
suited to this research. The desk-mounted EyeLink provided
the strongest effect for heterosexual male observers, but this
did not extend to heterosexual women for whom the largest
effect was obtained for manual recording, and there were
insufficient eligible studies for inclusion of remote Tobii eye
trackers. Thus, further investigation comparing these meth-
ods is warranted, especially in women.

Furthermore, it is also possible that the affective state
underlying these arousal patterns could be attributed to
states evoked from other interpretations of the stimulus
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being perceived by the observer as pleasant or unpleasant.
For instance, an arousal response would also be evoked if
the stimulus is perceived as threatening or unpleasant when
viewing, for example, stimuli depicting illness or violence
(Bradley et al., 2008). It may not be possible to establish
for certain whether sexual arousal underpins pupil dilation
responses to sexual stimuli. Equally, we cannot exclude
the possibility that other ‘pleasant’ emotions, for instance
affection or aesthetic appeal, could be underlying the pupil
dilation responses to sexual stimuli. We would argue that it
is implausible that, for example, heterosexual male arousal
to female images is better explained by perceived threat or
unpleasantness, or pleasant emotions given that correlations
of pupillary responses to sexual stimuli with genital arousal
patterns, subjective sexual arousal (Rieger et al., 2015) and
sexual appeal ratings (Attard-Johnson et al., 2016). These
correlations provide some evidence to support the notion that
pupil dilation responses to sexual stimuli observed are related
to sexual arousal—at least in men. However, we acknowledge
that further research is needed to untangle the affective states
underlying the arousal response when viewing these images.

This highlights the importance of obtaining confirma-
tory measure of sexual interest to validate against pupillary
responses. In many studies this was obtained through subjec-
tive self-report of sexual orientation which, at least in men,
demonstrates convergence with pupillary responses (Rieger
et al., 2015), cognitive tasks (C) Ciardha et al., 2018), and
other physiological measures of sexual arousal (Chivers
et al., 2010; Rieger et al., 2015). Few direct attempts have
been made to examine the convergent validity of pupillary
responses with self-report sexual orientation and cognitive-
based measures of sexual interest (Attard-Johnson et al.,
2016; O Ciardha et al., 2018; Rieger et al., 2015) and only
one study with genital responses (Rieger et al., 2015). From
these, men’s pupillary responses demonstrated modest corre-
lations with genital response (average r=0.59; Rieger et al.,
2015), viewing time (average r=0.51; O Ciardhaet al., 2018;
Rieger & Savin-Williams, 2012), self-report sexual orienta-
tion (average r=0.56; O Ciardha et al., 2018; Rieger et al.,
2015; Rieger & Savin-Williams, 2012), and subjective sexual
appeal and arousal ratings (average r=0.58; Attard-Johnson
etal., 2016; Rieger et al., 2015). In contrast, women’s pupil-
lary responses correlated weakly with genital response (aver-
age r=0.19; Rieger et al., 2015), subjective sexual appeal,
and arousal ratings (average r=0.15; Attard-Johnson et al.,
2016; Rieger et al., 2015), but demonstrated a moderate cor-
relation with viewing time tasks (average r=0.47; O Ciardha
etal., 2018; Rieger & Savin-Williams, 2012) and self-report
sexual orientation (average r=0.31; O Ciardha et al., 2018;
Rieger et al., 2015; Rieger & Savin-Williams, 2012). We rec-
ommend that future primary studies seeking to use pupillary
responses as a measure of sexual interest include also one or
more alternative measures of sexual orientation to strengthen

@ Springer

our understanding of the validity of pupillary responses for
the assessment of sexual interests in men and women.

Conclusion

While pupillary responses were first explored as a measure
of observers’ sexual interest in others in the 1960s, there has
been an increase in research in this field with modern eye-
tracking equipment in recent years. These studies vary in
eye-tracking methodology and the approach to data analysis,
stimulus materials, procedure, and participant characteristics.
They also vary in their results, justifying the need for a meta-
analysis of this field. The current study demonstrates that het-
erosexual and gay men show pupillary responses in line with
their sexual orientation, whereas bisexual men exhibit greater
pupil dilation during the viewing of male versus female
stimuli. There were much fewer studies sampling women. In
heterosexual women, differences in pupil response to male
and female stimuli were small and non-significant, whereas
lesbian women displayed greater dilation to male stimuli, and
there were insufficient samples for bisexual women. These
results therefore indicate that pupillary responses only pro-
vide a reliable index of the sexual interests of heterosexual
and gay men. Although typical effect sizes for these pupillary
responses are smaller compared to genital arousal measures,
this approach offers a potentially valuable tool for measur-
ing physiological arousal in a manner that is less invasive to
participants and more accessible to researchers. However, the
mixed findings, especially when moderators were included,
also demonstrate a clear need to increase research on women,
the convergent validity of this measurement technique, and
for the development of standardized testing protocols and
materials.
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