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Abstract

Previous studies suggest that the putative human pheromone estratetraenol affects several systems underlying human
functioning and appears to activate neural systems that are known to affect sexual behavior. In this study, we investigated
whether exposure to estratetraenol affects men’s social cognition abilities. In the first experiment, men performed the
Interpersonal Perception task while being exposed to estratetraenol and to a control solution. Men performed the task with
better accuracy while being exposed to estratetraenol. This improvement was evident especially in the Intimacy category
where participants evaluated romantic relationships. In a second experiment, we exposed a different sample of men to
estratetraenol and to a control solution while performing a task that implicitly measured their emotional reaction to photos
depicting two humans either romantically touching or not, with a control condition of two inanimate objects either
touching or not. We found that the participants’ emotional reaction to touch was stronger under exposure to estratetraenol.
Together, these results suggest that exposure to estratetraenol may trigger a change in men’s social cognition, especially in
sexually related situations.
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Introduction
The human putative pheromone estratetraenol (EST) (estra-
1,3,5(10),16-tetraen-3-ol) was first detected in women’s late-
pregnancy urine in the late 1960’s (Thysen et al., 1968). This
compound is structurally similar to estrogens and is secreted
mainly by women via several body secretions, and as such it is
likely to be also present in axillary sweat (Verhaeghe et al., 2013).
Compared with male putative pheromones such as androsta-
dienone (4,16-androstadien-3α-one), the autonomic and behav-
ioral influences of EST on human experiences have been less
extensively investigated. Previous findings demonstrate that
exposure to EST affects autonomic nervous system activity,
causing sustained changes in skin temperature and skin conduc-
tance (Jacob et al., 2001). In addition to physiological influences,
other studies showed that EST affects also psychological and
emotional responses. For example, it was found that exposure

to EST increases positive mood in women and decreases it in
men (Jacob and McClintock, 2000; Olsson et al., 2006).

Further research assessed the behavioral influences of EST in
the context of mating and sexuality. Exposure to EST has been
previously linked with increased reported sexual arousal within
a sexually arousing context, i.e. while watching an erotic film
(Bensafi et al., 2004). Also, a correlation was found between men’s
preference for feminine face shapes and their ratings of EST’s
pleasantness (Cornwell et al., 2004). Exposure to EST was also
shown to contribute to gender communication as it biases men’s
perception of dynamic point-light displays portraying the gait of
walkers toward perceiving the walkers as more feminine (Zhou et
al., 2014). A more recent investigation found that exposure to EST
biases men perception of women’s emotional state, as they per-
ceive women, but not men, as happier and more relaxed under
exposure to EST (Ye et al., 2019). Further support for the role of
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EST in sexual communication is apparent by its selective influ-
ence on men’s electrical potentials at vomeronasal cells, electri-
cal changes that are not produced in women’s vomeronasal cells
or in other olfactory epithelium cells (Monti-Bloch and Grosser,
1991). Imaging studies demonstrate that exposure to different
concentrations of EST elicited brain activations in the anterior
medial thalamus and in the right inferior frontal gyrus. This
network has been suggested to be a homologous network to the
vomeronasal system in non-human mammals (Sobel et al., 1999),
which has a crucial role in the detection of pheromones and in
the regulation over reproductive behavior (Luo and Katz, 2004).
Collectively, the evidence demonstrates the potential role of EST
in systems underlying human functioning and sexuality. It is
important to note that to date, EST has not been directly detected
in axillary sweat (Wyatt, 2015) and that several studies using this
putative chemosignal produced conflicting effects (Pause, 2004;
Ferdenzi et al., 2016; Hare et al., 2017).

In this study, we sought to further explore the role of EST
in social cognition. Social cognition refers to the high-level
cognitive processes that allow for complex and flexible social
behavior (Adolphs, 1999). Ickes et al., (1990) found that the ability
to understand accurately the subjective mental experience of
other people (their thoughts and feelings) positively correlates
with the perceived physical attractiveness of the target. The
authors suggested that the target’s physical attractiveness is
an important signal that affects the individual’s motivation
to accurately identify the partner’s mental experience. From
an evolutionary standpoint, higher sensitivity to social cues
signaled by opposite sex individuals may increase the chances
of approaching them and the frequency of sexual encounters. If
indeed EST communicates information regarding females’ sexu-
ality or readiness for reproduction, exposure to this chemosignal
would increase men’s mating motivation, leading to investing
more effort in understanding the other’s thoughts and feelings,
especially those which convey sex-relevant information. This
in turn might contribute to their efforts to approach potential
mates. We addressed this question in two separate experiments.
In the first experiment, we exposed heterosexual men to
EST and control solutions while performing the Interpersonal
Perception task (IPT). This task presents real-life dyadic social
interactions and participants are asked to make inferences
regarding the characters’ relationship. This task presents real-
life scenes, it has high ecological validity and it demands a
wide spectrum of social cognition abilities as participants are
required to cross information from multiple channels and to
rely on both emotional and cognitive processes, as well as
former knowledge regarding appropriate social interactions, in
order to analyze and decipher the social situation properly. The
task includes four categories of human social interactions (i.e.
kinship, intimacy, competition and deception). We hypothesized
that compared with the control solution, exposure to EST would
lead to higher accuracy in judging social interactions on the IPT,
especially on the intimacy category that demands participants
to analyze intimate relationships and interactions between
individuals.

In the second experiment, we explored participants’ emo-
tional reactions to observing the romantic touch of others during
exposure to either EST or a control solution. Touch is a central
part of human interactions and is used to communicate one’s
thoughts and feelings (Hertenstein et al., 2006, 2009). Specifically,
romantic touch is one of the five expressions of love (Goff et al.,
2007). Touch and love have been defined as ‘indivisible’ (Mon-
tagu, 1971). Types of romantic touch include kissing, cuddling,
hugging, holding hands, caressing and massaging (Gulledge and

Fischer-Lokou, 2003). Collectively, romantic touch can be one of
the environmental cues that suggest that there is a potential
sexual opportunity. Humans acquired the ability to convert the
sight of touch between others into an inner representation of
touch (Gallese, 2003). This is a process that is suggested to be
mediated by the visuo-tactile mirror system that integrates our
own experience of touch with experiences of observed touch
between others (Keysers et al., 2004). In the current experi-
ment, we explored whether EST affects the emotional reaction
to observed romantic touch of others portrayed in photos. We
examined participants’ emotional reactions as we asked them
to rate whether they would include each of the photos in an
emotional album. We hypothesized that compared with the
control solution, exposure to EST would lead to an increased
emotional reaction during observation of romantic touch, shown
as a higher inclusion rate in an emotional album under EST
compared with the control solution.

Materials and methods
Experiment I

Participants. A priori sample size estimates indicated for a power
of 0.80, a minimum of 54 participants to detect a medium effect
size (ηp

2 = 0.04); therefore, we aimed to recruit 56 participants.
To this end, 56 men were recruited via advertisements posted in
the social media and at the University of Haifa. They completed
an online screening questionnaire designed to assess their
suitability to the current study. Subjects were 22–34 years old
(M = 27.11, SD = 3.25) and native Hebrew speakers. All reported
to have normal or corrected vision and a normal sense of
smell. They further confirmed being heterosexual, non-smokers,
generally healthy and free from illness in the previous few
weeks. The study was approved by the University of Haifa’s
Ethics Committee. All participants signed an informed consent
and were given credit or payment for the time. The experiment
was part of a project aimed to explore the effects of exposure
to chemosignals on social behavior. We also collected data
concerning participants’ cooperativeness that will be reported
elsewhere (there is no overlap between that data and the data
reported here).

Compounds. The experimental stimulus was a 2M EST solution
(Steraloid, Inc.) diluted in propylene glycol (Sigma Aldrich; purity
99%) with 1% eugenol (Sigma Aldrich; purity 99%) as a mask odor.
The control solution was prepared by propylene glycol alone
with 1% eugenol. A masking odor was used to avoid possible per-
ceptual differences between experimental and control solutions.
Notably, to date, EST has not been found in women’s axillary
sweat (Wyatt, 2015). In the absence of studies indicating con-
centrations of EST in the natural environment, in this study, we
used a pharmacological concentration of EST in order to ensure
sufficient statistical power for obtaining existing effects. Similar
stimuli have been used previously (e.g. Jacob and McClintock,
2000; Saxton et al., 2008). A previous work using similar stimuli
to those used in the current study (2M EST and control), found
no perceptual differences between EST and control solutions in
terms of their intensity, pleasantness and familiarity (Oren and
Shamay-Tsoory, 2019).

General mood assessment. An adapted version of the Depres-
sion Adjective Check Lists (DACL) (Lubin, 1965) was used
to detect transient changes in participants’ mood and the
immediate effects of the environment following exposure to
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the odor compounds. The DACL is a self-report instrument that
consists of 32-item adjectives that describe possible mood states.
This tool was used to rule out the possibility that changes in
social perception accuracy were a result of general changes
in mood.

We selected from the DACL list a total of eight adjectives:
four indicating a positive mood (e.g. happy, calm) and four indi-
cating a negative mood (e.g. sad, miserable). Participants were
instructed to rate the extent to which they feel each adjective
at the moment on a scale ranging from ‘1’ (not at all) to ‘7’
(very much). We averaged the ratings of the participants for all
negative adjectives into a negative index, and the rating for the
positive adjectives into a positive mood index.

Interpersonal perception assessment. The IPT was developed by
Costanzo and Archer, (1989) as a standardized method of assess-
ing the accuracy of social judgments in interpersonal situations.
It requires participants to perceive accurately non-verbal aspects
of social communication (e.g. personal space, facial expressions,
tone of voice, etc.) within a verbal dialogue (Fischer-Shofty et al.,
2013).

The task consists of brief naturalistic scenes of interact-
ing people. Before each film, participants are presented with
a question asking them to draw a conclusion regarding the
relationship between the interacting people in the next scene.
Participants are provided with an answering sheet containing
the questions and two or three possible answers for each one.
The scenes are followed by a six seconds blank interval during
which participants are asked to choose and write their answer on
the answering sheet. In the current study, four types of common
social interactions were selected: kinship, intimacy, competi-
tion and deception. In the kinship condition, participants were
asked which of the interacting people are family relatives. In
the intimacy condition, they were asked to identify the type of
relationship that the interacting individuals have (e.g. are they
strangers, friends, romantic partners, etc.). In the competition
condition, participants were asked which of two interacting indi-
viduals won a competition. Finally, in the deception condition,
participants were instructed to identify which of the individuals
is lying and which is telling the truth. Four scenes were selected
for each of the task conditions, and these were further assigned
randomly into two versions, thus making a total of eight scenes
for each task version. The participants’ accuracy rate was calcu-
lated for each condition of the task by the sum of correct answers
participants had made at each category.

Experimental procedure. We used a double-blind, within-subject
design. Each participant underwent two experimental sessions
within a one-week interval. Participants were introduced to the
experiment by a female experimenter who was using hormonal
contraceptives at the time of the experiment. This was in order
to avoid any contamination of the study’s findings resulting
from menstrual cycle changes in her body odor and behavior
(Kuukasjärvi et al., 2004; Miller et al., 2007). During the session,
participants were exposed to one of the two compounds, either
to EST or to the control solution. Compounds were presented
continuously throughout the session using a pre-prepared Band-
Aid containing 100 μl of solution that was placed above the
participants’ upper lip (as suggested by Frumin and Sobel, 2013).
Solutions were completely soaked within the Band-Aids, having
no contact with participants’ skin. Following the placement of
the Band-Aid, participants were instructed to begin the IPT. The
order of compound presentation was counterbalanced.

Experiment II

Participants. A priori sample size estimates indicated for a power
of 0.80, a minimum of 66 participants to detect a small-medium
effect size stems from the hypothesized intersection (ηp

2 = 0.03);
therefore, we aimed to recruit this amount of participants. To
this end, sixty-four men ranging in age from 22 to 35 (mean
26.89, SD = 3.21) were recruited via advertisements posted in the
social media and at the University of Haifa. All completed an
online screening questionnaire aimed to test their suitability
for the current experiment. They were required to meet the
same inclusion criteria as described for the first experiment.
The experiment was approved by the University of Haifa’s Ethics
Committee. All participants signed an informed consent and
were given credit or payment for their time.

Experimental task. The task was programmed using the E-prime
2.0 software package (Schneider et al., 2002). This task was
adapted from the study of Peled-Avron et al. (2016). Participants
were presented with 64 black-and-white images in a randomized
order. In each trial, participants were shown one image that
depicted either two humans or two inanimate objects that
were either touching or were in a close proximity but not
touching. Images of humans did not show their faces in order
for participants to focus on touch and not on facial expressions.
For the creation of the stimuli, romantic partners were asked
to take a spontaneous picture of themselves together as they
romantically touch each other and again in a similar setting and
posture but without touching each other. Eight pairs consented
to the use of their pictures for this study. Human touch was
depicted as hand-holding, a hug or a hand on the shoulder or
arm. Inanimate touch was depicted as two everyday touching
objects (Figure 1). Participants were asked to rate the degree to
which they would like to include this photo in an album with
an emotional content. Each experimental condition consisted
of 15 trials presenting one image, resulting overall in 60 trials.
Each trial began with a 500 ms presentation of a fixation cross
followed by an inter-stimulus interval that varied in duration
(200, 250 or 300 ms). Upon image display, participants were asked
to press the space bar as soon as they knew how they would like
to rate the image. Once they pressed the space bar, participants
were presented with a visual analog scale that ranged from
‘this photo will be excluded from the album’ to ‘this photo will
be included in the album’. They were instructed to rate the
likelihood that they would include the picture in an emotional
album. Following the participants’ reaction, a black screen of a
random duration (200, 400 or 600 ms) was presented to reduce
the generation of a monotonous task rhythm. Four practice trials
were included in order to ensure the participants’ understanding
of the instructions. Both the presentation and instructions were
similar to those given in the study by Peled-Avron et al. (2016).

Task validation. In order to confirm that the touch perception
task used in the second experiment does not measure merely
elements that are associated with general social cognition, we
conducted a preliminary study with 38 participants using the
Interpersonal Reactivity Index (IRI) questionnaire (Davis, 1983).
This questionnaire was translated to Hebrew and validated by
Even (1993) (unpublished data). The IRI is a self-report mea-
sure consisting of four subscales assessing the emotional and
cognitive reactivity to others. We confirmed that the overall
emotionality rating given for the touch images included in the
task positively correlated with participants’ reported empathic
concern (rp = 0.33, P = 0.04). The latter is a scale that measures
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Fig. 1. Presented images. A total of 60 images were presented to the participants. Images consisted of four categories presented to the participants; two touching

humans, two touching inanimate objects, two non-touching humans and two non-touching inanimate objects.

feelings of sympathy and concern for unfortunate others. We
concluded that the touch perception task is associated with a
known measure of emotional empathy (i.e empathic concern),
thus specifically relates to empathy and not merely to general
social cognition.

Experimental procedure. Compound preparation and presenta-
tion was the same as described in Experiment 1. We used a
double-blind, within-subject design. Each participant underwent
two experimental sessions within a one-week interval. In each
session, they were exposed to one of the two compounds con-
tinuously throughout the entire session. During each session,
the participants performed the picture-rating task. The order of
compound presentation was counterbalanced.

Results
Experiment 1

A two-way repeated-measures analysis of variance (ANOVA) was
performed with compound (EST or control solutions) and mood
valence (positive and negative) as within-subject factors.

There was no significant overall effect for compound on the
mood ratings [F(1,55) = 0.695, P = 0.408, ηp

2 = 0.012] or an interaction
with the mood valence [F(1,55) = 0.420, P = 0.520, ηp

2 = 0.008]. There
was a general valence effect [F(1,55) = 365.378, P = 0.000, ηp

2 = 0.869]
demonstrating that participants indicated they were in a general
positive mood (M = 4.899, SD = 0.963) rather than in a negative
mood (M = 2.031, SD = 0.824).

We conducted a two-way repeated-measures ANOVA, with
compound (EST or control solutions) and task category (i.e.
kinship, intimacy, competition and deception) as within-subject
factors. The dependent variable was the accuracy level as
indicated by the number of correct answers made by the
participants.

The overall main effect for compound was significant
[F(1,55) = 5.35, P = 0.024, ηp

2 = 0.089, 95% CI (0.014, 0.200)], indicating
a higher accuracy level under exposure to EST (M = 1.036,
SD = 0.359) rather than under exposure to the control solution
(M = 0.929, SD = 0.0269). The main effect for the task category
was significant as well [F(3,165) = 11.74, P = 0.000, ηp

2 = 0.176].
Further pairwise comparisons using Bonferroni-correction
indicated that the accuracy levels for the intimacy category were
significantly lower than those for kinship and for competition.
Accuracy levels for the competition category were higher than

those for deception (P < 0.05). For the interaction between
compound and the task category, Mauchly’s test of sphericity
indicated a violation of the assumption of sphericity (Mauchly’s
W = 0.806, P = 0.041). Therefore, a correction was made according
to Huynh-Feldt criteria (Epsilon = 0.836). This interaction was not
significant [F(2.81, 154.52) = 0.97, P = 0.402, ηp

2 = 0.017] (Figure 2).
Paired-sample t-tests were employed to identify changes

in accuracy levels for four task categories across compounds.
Bonferroni-adjusted alpha of 0.0125 per test was used for each
comparison. As shown in Table 1, none of the comparisons
within each task category reached significance following the cor-
rection, although exploration of the effect sizes demonstrated
that the effect of EST on accuracy level was significant only in
the intimacy category.

Experiment 2

We conducted a three-way repeated-measures ANOVA, with
compound (EST or control solutions), touch (which or with-
out touch) and stimulus type (human or inanimate objects) as
within-subject factors. The dependent variable was the inclusion
rate in an emotional album, representing the degree to which
participants perceived the picture to be emotional.

A significant main effect was found for touch [F(1,63) = 236.99,
P = 0.000, ηp

2 = 0.79, 95% CI (21.83, 28.34)], with a higher inclusion
rate for touching (M = 54.12, SD = 11.89) vs non-touching objects
(M = 29.04, SD = 10.23). We further found a significant main
effect for stimulus type [F(1,63) = 534.96, P = 0.000, ηp

2 = 0.89, 95% CI
(42.08, 50.04)], with a higher inclusion rate for human (M = 64.61,
SD = 10.58) vs inanimate objects (M = 18.54, SD = 13.26). The main
effect for compound was not significant [F(1,63) = 0.74, P = 0.394,
ηp

2 = 0.012, 95% CI (−0.965, 2.42)], suggesting that there was no
overall effect of EST on the inclusion rate. A significant two-
way interaction was found between touch and stimulus type
[F(3,63) = 55.69, P = 0.000, ηp

2 = 0.47]. We further found a significant
two-way interaction between touch and compound [F(1,63) = 6.10,
P = 0.016, ηp

2 = 0.088]. The interaction between stimulus type
and compound was not significant [F(1,63) = 0.013, P = 0.909,
ηp

2 = 0.000], neither was the three-way interaction between
touch, stimulus type and compound [F(1,63) = 0.097, P = 0.757,
ηp

2 = 0.002].
Follow-up analysis using a two-way repeated-measures

ANOVA demonstrated a significant main effect for compound
within the trials where objects were touching [F(1,63) = 4.105,
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Fig. 2. Comparison of the mean (SEM) number of correct responses obtained under exposure to EST or the control solution with respect to the task category. A significant

main effect was found for compound (P = 0.024, hp2 = 0.089) with higher accuracy obtained under exposure to EST. N = 56.

Table 1. Mean (SD) accuracy level for the different task categories and the difference between participants’ accuracy under exposure to EST and
the control solution

Task category EST Control Statistic P-value Cohen’s d Z

Kinship 1.23 (0.632) 1.18 (0.575) t(55) = 0.490 0.626 0.066

Intimacy 0.93 (0.684) 0.64 (0.586) t(55) = 2.211 0.031 0.296

Competition 1.16 (0.757) 1.02 (0.674) t(55) = 1.033 0.306 0.138

Deception 0.82 (0.741) 0.88 (0.764) t(55) = −0.344 0.732 −0.046

Note. None of the comparisons reached significance using a Bonferroni-adjusted alpha of 0.0125. Observation of effect sizes revealed that the most profound change
in accuracy level was at the intimacy category. N = 56

P = 0.047, ηp
2 = 0.061, 95% CI (0.03, 4.16)], with a higher inclusion

rate given under exposure to EST (M = 55.16, SD = 11.4) than
under exposure to the control solution (M = 53.07, SD = 13.67).
A significant main effect was also found for stimulus type
[F(1,63) = 456.50, P = 0.000, ηp

2 = 0.88, 95% CI (50.03, 60.36)], with
a higher inclusion rate for humans (M = 81.71, SD = 11.43)
vs inanimate objects (M = 26.52, SD = 19.12). The interaction
between compound and stimulus type was not significant
[F(1,63) = 0.056, P = 0.814, ηp

2 = 0.001].
Within the trials where objects were not touching, the main

effect for compound was not significant [F(1,63) = 0.419, P = 0.520,
ηp

2 = 0.007, 95% CI (−2.62, 1.34)]. The main effect for stimulus type
was significant [F(1,63) = 320.72, P = 0.000, ηp

2 = 0.84, 95% CI (32.81,
41.05)] with a higher emotionality rating allocated for human
(M = 47.50, SD = 15.72) vs inanimate objects (M = 10.57, SD = 9.928).
However, the two-way interaction between compound and stim-
ulus type was not significant [F(1,63) = 0.003, P = 0.954, ηp

2 = 0.000]
(Figure 3).

Discussion
In this study, we investigated the effect of exposure to the
chemosignal estratetraenol on men’s social cognition. In the first
experiment, we presented participants with a social cognition
task that they performed twice, once under exposure to EST
and once under exposure to a control solution. We found an
overall improvement in social cognition but the most profound
improvement was in the intimacy category, where participants
identify the nature of the relationship between interacting indi-
viduals (e.g. How long are they in a relationship? Are they siblings
or sexual partners?). In the second experiment, we explored
men’s emotional reaction to observed romantic touch. We did
not assess directly the perceived emotionality of touch, rather
we used a more naturally implicit measure where participants
rated the likelihood of including photos in an emotional album.
In line with our hypothesis, we found that exposure to EST

increased the participants’ inclusion rate of photos depicting
touch in an emotional album. Interestingly, participants did not
discriminate between romantically touching humans and touch-
ing inanimate objects, as the perceived emotionality of both
types of stimuli increased under exposure to EST. Neither of the
results could be attributed to changes in the participants’ mood
during the different sessions of the experiment, as it remained
relatively positive across both sessions, and did not change as a
result of exposure to EST.

In accordance with former studies indicating that EST influ-
ences perception and behavior in the context of mating and
sexuality (Monti-Bloch and Grosser, 1991; Bensafi et al., 2004;
Cornwell et al., 2004; Zhou et al., 2014), the results of the current
study support the notion that EST acts as a chemosignal. This
is because EST may convey mating-relevant information such
as the presence of women and/or their reproductive readiness,
similarly to pheromones’ role in the animal kingdom. In non-
human mammals, female body odors are known to stimulate
the male reproductive system (Brown and Macdonald, 1985)
and increase sexual arousal and behavior (Ziegler et al., 1993).
In humans, women’s body odor changes throughout the men-
strual cycle so that it is perceived as more attractive by men
during ovulation (Kuukasjärvi et al., 2004; Roberts et al., 2004;
Havlíček et al., 2006). Furthermore, exposure to women’s body
odor from ovulation leads to an elevation in testosterone levels
(Miller and Maner, 2010) and a further change in several mating-
related behaviors including risk-taking (Miller and Maner, 2011)
and approach behavior (Oren and Shamay-Tsoory, 2017). These
behavioral changes are suggested to result from an increase in
men’s mating motivation at the time of the exposure (Miller and
Maner, 2011). The results of the current study may also stem from
a similar increase in mating motivation that may affect men’s
behavior in various ways, such as their social cognition abilities
(Ickes et al., 1990), especially in interactions that imply a sexual
context. Thus, it is possible that women’s secretions during
ovulation contain higher concentrations of EST, which in turn
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Fig. 3. Comparison of the mean (SEM) emotionality ratings obtained under exposure to EST or the control solution with respect to touch condition. A significant main

effect was found for compound in trials where pictures depicted touch (P = 0.047, ηp2 = 0.061) with higher emotionality ratings obtained under exposure to EST. N = 64.

enable men to detect changes in women’s fertility status using
their chemosignaling sensing. Further studies investigating this
hypothesis are necessary.

Collectively, we further suggest that the results of the current
study can be explained by an increase in men’s social cogni-
tion following exposure to EST. As exposure to EST increased
social cognition abilities particularly at intimate encounters,
and increased perceived emotionality of romantic touch, we
propose that EST may in fact affect sexual cognition. This is
a new term that may be used in future studies to describe
the elements of social cognition that allow for sexual behavior
and/or interactions. Sexual cognition may be conceptualized
as a sub-element of social cognition that enables humans to
recognize and act according to cues in the environment that
suggests sexual opportunities. Such cognitive abilities are crucial
for inferring cues regarding the nature and closeness of human
relationships in a process that may involve identification and
simulation. Here, we suggest that exposure to EST increases
the salience of sexual cues in the social environment. Accu-
rate sexual perception is imperative for an appropriate social
functioning in a group. Evolutionary research claims that high-
level social skills are crucial for reproductive success (Hartung,
1988). In the current study, while men were exposed to EST,
they demonstrated increased interpersonal sensitivity (Bernieri,
2001), and their ability to make correct social inferences based on
social cues was significantly increased (e.g. other’s facial expres-
sions, tone of voice, body posture and movement) (Hall et al.,
2009). Several elements in the process of social perception may
be used differently under diverse mental states and according
to various motivations (Niedenthal and Halberstadt, 2003). More-
over, mating motivation was found to be one of the mental states
that influence the amount of effort invested in understanding
the opposite sex individual’s thoughts and feelings (Ickes et al.,
1990). Thus, the results of the current study may be explained by
an increase in mating motivation in male subjects as a result
of exposure to the chemosignal EST. Such increased mating
motivation may in turn elevate the amount of effort invested
in understanding the social environment, especially when the
environment contains mating-related information. Higher social
sensitivity of men to subtle social and sexual cues may pro-
mote their understanding of a woman’s state of mind and her
intentions (for example, is that woman interested?) and their
relationships with others (for example, is that woman single?
Or is that her spouse?). A deeper understanding of such social
cues may improve men’s chances of successful mating. This

notion is in line with our finding that the most profound change
in the assessment of social situations was in the category of
intimacy, where participants identify the nature of a relationship
between two characters. This finding is consistent with the
above claim that a better understanding of the surrounding
sexual relationships is important for a productive investment
of mating efforts. Future studies exploring these suggestions
directly are warranted.

Our results from the second experiment demonstrate that
exposure to EST increases the perceived emotionality of both
romantically touching humans and touching inanimate objects,
possibly through increasing identification with the touching
objects. As touch serves as a key means for communication of
thoughts and feelings (Hertenstein et al., 2006), the finding that
EST increases perceived emotionality of romantically touching
humans supports the notion that EST enhances men’s sexual
cognition abilities, as they accurately perceive and identify with
the emotions that elicit the touch. We hypothesized that EST
would affect merely the perceived emotionality of touching
humans; however, we found an overall effect at which EST
affected the perception of both human and non-human touch.
This is a finding that is supported by the results of Ebisch
et al. (2008). Using functional magnetic resonance imaging,
the authors confirmed previous studies demonstrating shared
neural circuits, including the secondary somatosensory cortex,
for both experienced and observed touch. They further extended
these findings by showing that the same neural network that
creates the representation of experienced and observed human
touch is active during observation of touching inanimate objects.
Thus, as the neural network representing human touch shares
the same regions of that representing non-human touch, it is
possible that exposure to a chemosignal that presumably affects
this neural network would influence perception of both stimuli
types.

Another possible interpretation is that exposure to EST
enhanced the participants’ tendency to anthropomorphize
touching inanimate objects. Anthropomorphism is the human
tendency to attribute non-human agents with human-like
characteristics such as intentions, emotions and motivation
(Epley et al., 2007). Using a similar paradigm to that of the
current study, Peled-Avron et al. (2016) found a significant
correlation between participants’ rating of the humanity of
touching inanimate objects (i.e. the level of anthropomorphism)
and their emotionality ratings. Therefore, it is possible to
assume that exposure to EST influences the degree of humanity
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attributed to inanimate objects, and that may account for the
reason that the present study’s participants rated touching
inanimate objects as more emotional. The literature in the field
of anthropomorphism suggests that the human tendency to
anthropomorphize inanimate objects can be predicted by their
motivation to act as efficient social agents in the moment (Epley
et al., 2007). As adequate social functioning is a key component of
reproductive success (Hartung, 1988), mating possibilities could
motivate men to act efficiently in the social environment. As
has previously been suggested, such a motivation may increase
man’s ability to accurately identify subtle social cues in the
environment, resulting in an ‘over-identification’ of such cues
in objects as well. A possible implication of these findings
is in understanding mechanisms of fetishism, a tendency of
a person to experience sexual attraction towards inanimate
objects (Barlow and Durand, 2012).

In conclusion, our findings demonstrate that the chemosig-
nal EST affects sexually and romantically related elements
of social cognition. EST may convey information regarding
women’s readiness for reproduction, thus increasing men’s mat-
ing motivation and salience to environmental cues pertaining
to mating behavior. This motivation encourages men to identify
with emotional stimuli and better understand interpersonal
interactions. Our findings highlight the importance of EST in
human chemosignaling in the social environment.

Declaration of Interests
The authors declare no competing interests.

References
Adolphs, R. (1999). Social cognition and the human brain. Trends

in Cognitive Sciences, 3, 469–79.
Barlow, D.H., Durand, V.M. (2012). Abnormal Psychology: An Integra-

tive Approach. Sixth edition, Toronto: Cengage Learning.
Bensafi, M., Brown, W., Khan, R., et al. (2004). Sniffing human sex-

steroid derived compounds modulates mood, memory and
autonomic nervous system function in specific behavioral
contexts. Behavioural Brain Research, 152, 11–22.

Bernieri, F. (2001). Toward a taxonomy of interpersonal sensitiv-
ity. In: Hall, J.A., Bernieri, F.J., editors. Interpersonal Sensitivity:
Theory and Measurement, Mahwah, NJ: Lawrence Erlboum Asso-
ciates, pp. 3–20.

Brown, R.E., Macdonald, D.W. (1985). Social Odours in Mammals,
Oxford University Press.

Cornwell, R.E., Boothroyd, L., Burt, D.M., et al. (2004). Concordant
preferences for opposite-sex signals? Human pheromones and
facial characteristics. Proceedings of the Royal Society of London B:
Biological Sciences, 271, 635–40.

Costanzo, M., Archer, D. (1989). Interperting the expressive
behavior of others: the interpersonal perception task. Journal
of Nonverbal Behavior, 13, 225–45.

Davis, M. (1983). Measuring individual differences in empathy:
evidence for a multidimensional approach. Journal of Personality
and Social Psychology, 44, 113.

Ebisch, S.J.H., Perrucci, M.G., Ferretti, A., et al. (2008). The sense
of touch: embodied simulation in a visuotactile mirroring
mechanism for observed animate or inanimate touch. Journal
of Cognitive Neuroscience, 20, 1611–23.

Epley, N., Waytz, A., Cacioppo, J.T. (2007). On seeing human: a
three-factor theory of anthropomorphism. Psychological Review,
114, 864–86.

Even, A. (1993). Effects of differentiation and tenure on sympathy,
empathy and burnout. Unpublished doctoral dissertation, Bar
Ilan University, Ramat Gan, Israel.

Ferdenzi, C., Delplanque, S., Atanassova, R., et al. (2016). Androsta-
dienone’s influence on the perception of facial and vocal
attractiveness is not sex specific. Psychoneuroendocrinology, 66,
166–75.

Fischer-Shofty, M., Levkovitz, Y., Shamay-Tsoory, S.G. (2013).
Oxytocin facilitates accurate perception of competition in men
and kinship in women. Social Cognitive and Affective Neuro-
science, 8, 313–7.

Frumin, I., Sobel, N. (2013). An assay for human chemosignals. In:
Touhara, K., editor. Pheromone Signaling: Methods and Protocols,
Totowa, NJ: Humana Press, pp. 373–94.

Gallese, V. (2003). The manifold nature of interpersonal relations:
the quest for a common mechanism. Philosophical Transactions
of the Royal Society of London. Series B, Biological Sciences, 358,
517–28.

Goff, B.G., Goddard, H.W., Pointer, L., et al. (2007). Measures of
expressions of love. Psychological Reports, 101, 357–60.

Gulledge, N., Fischer-Lokou, J. (2003). Another evaluation of touch
and helping behaviour. Psychological Reports, 92, 62–4.

Hall, J.A., Andrzejewski, S.A., Yopchick, J.E. (2009). Psychosocial
correlates of interpersonal sensitivity: a meta-analysis. Journal
of Nonverbal Behavior, 33, 149–80.

Hare, R.M., Schlatter, S., Rhodes, G., et al. (2017). Putative sex-
specific human pheromones do not affect gender perception,
attractiveness ratings or unfaithfulness judgements of oppo-
site sex faces. Royal Society Open Science, 4, 160831.

Hartung, J. (1988). Deceiving down. In: Lockard, J.S., Paulhus, D.L.,
editors. Self-deception: An Adaptive Mechanism. Engelwood Cliffs,
New Jersey: Prentice-Hall, pp. 120–85.

Havlíček, J., Dvořáková, R., Bartoš, L., et al. (2006). Non-advertized
does not mean concealed: body odour changes across the
human menstrual cycle. Ethology, 112, 81–90.

Hertenstein, M.J., Keltner, D., App, B., et al. (2006). Touch commu-
nicates distinct emotions. Emotion, 6, 528–33.

Hertenstein, M.J., Holmes, R., Mccullough, M., et al. (2009). The
communication of emotion via touch. Emotion, 9, 566–73.

Ickes, W., Stinson, L., Bissonnette, V., et al. (1990). Nat-
uralistic social cognition: empathic accuracy in mixed-
sex dyads. Journal of Personality and Social Psychology, 59,
730–42.

Jacob, S., McClintock, M.K. (2000). Psychological state and mood
effects of steroidal chemosignals in women and men. Hor-
mones and Behavior, 37, 57–78.

Jacob, S., Hayreh, D.J., McClintock, M.K. (2001). Context-
dependent effects of steroid chemosignals on human
physiology and mood. Physiology & Behavior, 74, 15–27.

Keysers, C., Wicker, B., Gazzola, V., et al. (2004). A touching sight:
SII/PV activation during the observation and experience of
touch. Neuron, 42, 335–46.

Kuukasjärvi, S., Eriksson, C.J.P., Koskela, E., et al. (2004). Attractive-
ness of women’s body odors over the menstrual cycle: the role
of oral contraceptives and receiver sex. Behavioral Ecology, 15,
579–84.

Lubin, B. (1965). Adjective checklists for measurement of depres-
sion. Archives of General Psychiatry, 1965(12), 57–62.

Luo, M., Katz, L.C. (2004). Encoding pheromonal signals in the
mammalian vomeronasal system. Current Opinion in Neurobi-
ology, 14, 428–34.

Miller, S.L., Maner, J.K. (2010). Scent of a woman: men’s testos-
terone responses to olfactory ovulation cues. Psychological
Science, 21, 276–83.



726 Social Cognitive and Affective Neuroscience, 2019, Vol. 14, No. 7

Miller, S.L., Maner, J.K. (2011). Ovulation as a male mating prime:
subtle signs of women’s fertility influence men’s mating cog-
nition and behavior. Journal of Personality and Social Psychology,
100, 295–308.

Miller, G., Tybur, J.M., Jordan, B.D. (2007). Ovulatory cycle effects
on tip earnings by lap dancers: economic evidence for human
estrus? Evolution and Human Behavior, 28, 375–81.

Montagu, A. (1971). Touching: The Human Significance of the Skin,
New York: Columbia University Press.

Monti-Bloch, L., Grosser, B.I. (1991). Effect of putative
pheromones on the electrical activity of the human
vomeronasal organ and olfactory epithelium. The Journal
of Steroid Biochemistry and Molecular Biology, 39, 573–82.

Niedenthal, P., Halberstadt, J. (2003). Top-down influences in
social perception. European Review of Social Psychology, 14, 49–76.

Olsson, M.J., Lundström, J.N., Diamantopoulou, S., et al. (2006). A
putative female pheromone affects mood in men differently
depending on social context. European Review of Applied Psychol-
ogy, 56, 279–84.

Oren, C., Shamay-Tsoory, S.G. (2017). Preliminary evidence of
olfactory signals of women’s fertility increasing social avoid-
ance behavior towards women in pair-bonded men. Scientific
Reports, 7, 11056.

Oren, C., Shamay-Tsoory, S.G. (2019). Women’s fertility cues
affect cooperative behavior: evidence for the role of the human
putative chemosignal estratetraenol. Psychoneuroendocrinology,
101, 50–9.

Pause, B.M. (2004). Are androgen steroids acting as pheromones
in humans? Physiology & Behavior, 83, 21–9.

Peled-Avron, L., Perry, A., Shamay-Tsoory, S.G. (2016). The effect
of oxytocin on the anthropomorphism of touch. Psychoneuroen-
docrinology, 66, 159–65.

Roberts, S.C., Havlicek, J., Flegr, J., et al. (2004). Female facial
attractiveness increases during the fertile phase of the men-
strual cycle. Proceedings of the Royal Society of London B: Biological
Sciences, 271, S270–2.

Saxton, T.K., Lyndon, A., Little, A.C., et al. (2008). Evidence that
androstadienone, a putative human chemosignal, modulates
women’s attributions of men’s attractiveness. Hormones and
Behavior, 54, 597–601.

Schneider, W., Eschman, A., Zuccolotto, A. (2002). E-Prime: User’s
Guide, Psychology Software Incorporated.

Sobel, N., Prabhakaran, V., Hartley, C.A., et al. (1999). Blind smell:
brain activation induced by an undetected air-borne chemical.
Brain, 122, 209–17.

Thysen, B., Elliott, W.H., Katzman, P.A. (1968). Identification of
estra-1,3,5 (10) ,16-tetraen-3-ol (estratetraenol) from the urine
of pregnant women. Steroids, 11, 73–87.

Verhaeghe, J., Gheysen, R., Enzlin, P. (2013). Pheromones and their
effect on women’s mood and sexuality. Facts, Views & Vision in
ObGyn, 5, 189–95.

Wyatt, T.D. (2015). The search for human pheromones: the lost
decades and the necessity of returning to first principles.
Proceedings of the Royal Society Biological Sciences, 282, 20142994.

Ye, Y., Zhuang, Y., Smeets, M.A., Zhou, W. (2019). Human
chemosignals modulate emotional perception of biological
motion in a sex-specific manner. Psychoneuroendocrinology, 100,
246–53.

Zhou, W., Yang, X., Chen, K., et al. (2014). Chemosensory commu-
nication of gender through two human steroids in a sexually
dimorphic manner. Current Biology, 24, 1091–5.

Ziegler, T.E., Epple, G., Snowdon, C.T., et al. (1993). Detection of
the chemical signals of ovulation in the cotton-top tamarin,
Saguinus oedipus. Animal Behaviour, 45, 313–22.


	A scent of romance: human putative pheromone affects men's sexual cognition
	Introduction
	Materials and methods
	Experiment I
	Experiment II

	Results
	Experiment 1
	Experiment 2

	Discussion
	Declaration of Interests


