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A B S T R A C T

Previous studies demonstrating that women’s body odor during ovulation is perceived as more attractive suggest
that exposure to women’s chemosignals of high fertility increases mating motivation. Building on previous
evidence showing that cooperative behaviors are perceived as attractive, in the current study we investigated
whether chemosignals of women's fertility affect men's tendency to behave cooperatively. In the first experiment
we found that in the presence of women's body odor during ovulation, men increase their tendency to apply a
cooperative strategy, while their tendency to apply an individualistic strategy decreases. To examine the me-
chanism underlying this effect, we tested a different sample of men exposed to the putative human pheromone
estratetraenol (estra-1,3,5(10),16-tetraen-3-ol) or to a control solution. Exposure toestratetraenol compared with
control yielded strikingly similar effects of increased cooperation. The results indicate that women's chemo-
signals of high fertility increase mating motivation among man, encouraging them to act in a cooperative
manner toward others, a response that may highlight their attractive qualities and thus attract mates. We further
conclude that estratetraenol may serve as one of the biological agents that mediate the behavioral effects of
women's chemosignals of fertility on social behavior.

1. Introduction

Human body odors have been shown to convey social signals of
many kinds. In the animal kingdom, many mammalian species use
odorous cues to communicate periods of reproduction readiness among
females. Specifically, female body odor and other body secretions take
on an attractive character around the ovulation period (Doty, 1986). In
rodents for example, females' body odors are known to stimulate males'
reproductive systems, causing an increase in males' testosterone levels
(Brown & Macdonald, 1985). In humans as well, women's body odor
detectably changes throughout the menstrual cycle (Havlíček et al.,
2006; Kuukasjärvi et al., 2004; Singh and Bronstad, 2001; Thornhill
et al., 2003; Thornhill & Gangestad, 1999). Moreover, several studies
show that olfactory cues of women's fertility lead to an elevation in
testosterone levels among men (Cerda-Molina, Hernández-López, de la
O, Chavira-Ramírez, & Mondragón-Ceballos, 2013; Miller & Maner,
2010), a reaction previously linked to sexual arousal (Stoléru et al.,
1993). Furthermore, Cerda-Molina et al. (2013) reported that exposure
to women's auxiliary and vulvar scents during ovulation increased
men's cortisol levels. It is important to note that although an abundance
of studies show hormonal changes in men following exposure to wo-
men’s olfactory cues signaling fertility, other studies failed to replicate

this finding (Roney & Simmons, 2012; Strom et al., 2012). Nonetheless,
another line of studies demonstrates that men exposed to women's body
odor during high fertility periods display higher implicit accessibility to
mating-related concepts (Miller & Maner, 2011). Taken together, the
evidence appears to indicate that chemosignals of ovulating women
play a role in shaping mating behaviors by increasing men's mating
motivation (Miller & Maner, 2011).

One behavior that may be altered by increased mating motivation is
cooperation. Cooperation is an act that benefits the recipient individual
(West et al., 2007) or a joint action that provides mutual benefit to all
parties (Mesterton-Gibbons & Dugatkin, 1992; Tuomela, 2011). The
development of cooperation between individuals has intrigued re-
searchers and intellectuals for many years, and numerous theories have
been proposed to explain this phenomenon. In the animal kingdom,
models of "group selection" (Maynard-Smith, 1964) and "kin selection"
(Hamilton, 1964) were suggested. These models justify cooperative
behavior by its contribution to the group or to family relatives. Others
have suggested that cooperative behaviors are compensated by the re-
ciprocity of other individuals in the group (Trivers, 1971). In addition
to kin and group selection theories, theorists have also suggested that
the unique cognitive, linguistic and physical abilities of humans pro-
mote the formation of social behavioral norms and regulations (Bowles

https://doi.org/10.1016/j.psyneuen.2018.10.028
Received 8 July 2018; Received in revised form 25 October 2018; Accepted 26 October 2018

⁎ Corresponding author.
E-mail address: coren01@campus.haifa.ac.il (C. Oren).

Psychoneuroendocrinology 101 (2019) 50–59

0306-4530/ © 2018 Elsevier Ltd. All rights reserved.

T

http://www.sciencedirect.com/science/journal/03064530
https://www.elsevier.com/locate/psyneuen
https://doi.org/10.1016/j.psyneuen.2018.10.028
https://doi.org/10.1016/j.psyneuen.2018.10.028
mailto:coren01@campus.haifa.ac.il
https://doi.org/10.1016/j.psyneuen.2018.10.028
http://crossmark.crossref.org/dialog/?doi=10.1016/j.psyneuen.2018.10.028&domain=pdf


& Gintis, 2003), which together with the formation of large-group
cultures (Boyd and Richerson, 2009) support and promote cooperative
behavior.

According to the "handicap principle" put forth by Zahavi (1995),
altruistic collaboration between individuals in the animal kingdom can
be explained in terms of an advertisement for qualities aimed to attract
mates. In humans, cooperation has also been suggested to play a role in
a sexual selection context. Early studies indicated that the tendency to
cooperate in a context of the prisoner's dilemma varies according to the
level of attraction to the partner (Fisher & Smith, 1969). Further studies
demonstrated that men are inclined to donate money to female, rather
than male, panhandlers when they are alone (Goldberg, 1995) and that
attractive people have been found to receive higher offers in ultimatum
games (Solnick & Schweitzer, 1999). Another series of experiments
revealed that participants demonstrate more cooperative behavior to-
ward more attractive individuals of the opposite sex, an effect that was
not found toward individuals of the same sex. Cooperative individuals
were, in turn, rated as more attractive by their partners in a game
(Farrelly et al., 2007). It has also been found that compared to women,
men are more inclined to use cooperative behaviors as a sexual display
to attract opposite-sex individuals (Bhogal et al., 2016; Raihani &
Smith, 2015; Van Vugt and Iredale, 2013). According to Maestripieri
et al. (2017), the mere presence of attractive individuals biases men
into a more pro-social behavior. For example, in the study of Iredale
et al. (2008), participants played a social dilemma game in which they
made charity donations. It was found that men were inclined to make
higher donations when observed by attractive women compared to
when they were observed by another man. Similar findings were also
found in a public-goods game (Van Vugt and Iredale, 2013) and in
dictator games (Jensen, 2013). By doing so, men in particular (Raihani
& Smith, 2015) signal that they possess resources which they are willing
to share (as suggested by Farrelly, 2011; Van Vugt and Iredale, 2013).
Similarly, studies demonstrate that exposure to a chemosignal of male
dominance, which may suggest the presence of a male competitor,
cause an increase in men’s cooperative behavior, a reaction that posi-
tively correlated with testosterone levels (Huoviala & Rantala, 2013).
Overall, it seems that individuals increase their sexual appeal and im-
prove their reputation by cooperating with others, a behavior that
functions as a costly signaling of one's quality as a mate (Arnocky et al.,
2017; Gintis et al., 2001; Lotem et al., 2003). Thus, cooperative beha-
vior, which is perceived as representing attractive traits, is used more
frequently when mating motivation is on the rise. It is important to note
that findings from primate studies may possibly indicate that increased
mating motivation drives men to express more aggressive behavior (e.g.
Cavigelli and Pereira, 2000; Manson, 1994). Nevertheless, as humans
rarely express competition using such aggressive behavior (Marlowe
and Berbesque, 2012), it is possible that such a mating motivation may
increase men's willingness to cooperate with each other instead.

One candidate compound suggested as communicating female
mating cues is the human putative pheromone estratetraenol (estra-
1,3,5(10),16-tetraen-3-ol) (Verhaeghe et al., 2013). Estratetraenol
(EST) was first detected in women's late-pregnancy urine in the late
1960s (Thysen et al., 1968). It is secreted mainly by women through
several body secretions and it is possible that it is present also in ax-
illary sweat (Verhaeghe et al., 2013). Although it is important to note
that there is no direct evidence demonstrating EST’s presence in
apocrine sweat or its natural biological role (Wyatt, 2015), early studies
demonstrate that EST influences selectively men's electrical potential
vomeronasal cells, a finding that was not found for women's vomer-
onasal cells or for other olfactory epithelium cells (Monti-Bloch and
Grosser, 1991). Importantly, more recent studies claim that a functional
vomeronasal system had been lost or became vestigial during human
evolution (Smith et al., 2014). Likewise, more recent studies show that
exposure to EST is linked with increased sexual arousal within a sexu-
ally arousing context (Bensafi et al., 2004) and was found to contribute
to gender communication (Zhou et al., 2014). In addition, a correlation

was found between men's preferences for feminine face shapes and
ratings of EST pleasantness (Cornwell et al., 2004). Moreover, imaging
studies demonstrated a differential reaction to EST among men and
women (Savic et al., 2001), indicating that this compound may play a
role in sexual and gender-specific reactions. Based on these findings, we
suggest that EST may serve as one of the compounds that mediate the
influences of women's body odor on men's mating behavior and thus
may regulate their cooperative behavior.

Here we propose that chemosignals associated with women's ferti-
lity affect men's behavior in a competitive environment, so that men
who are exposed to women's chemosignals of high fertility adopt a
cooperative strategy toward others. To examine this hypothesis we
collected women's body odor at two phases of the menstrual cycle:
during ovulation and during the luteal phase. Due to large variations in
menstrual cycle across women, we used hormonal ovulation examina-
tions in order to confirm the occurrence of ovulation. Men were ex-
posed to women's body odor samples while performing the Social
Orientation Paradigm (SOP), a monetary game that assesses co-
operative behavior along with individualistic and aggressive behavior
in the context of provocations. In a second experiment, we tested the
potential role played by the chemosignal EST in cooperation. We ex-
posed a different sample of men to a pharmacological concentration of
EST and to a control solution while they performed the SOP task. We
hypothesized that exposure to EST would increase the frequency of
men's cooperative behavior toward other unfamiliar players, similar to
the influence of chemosignals of high fertility.

2. Materials and Methods

2.1. Experiment I

2.1.1. Participants
Sixty-five men were recruited via advertisements posted at the

University of Haifa and on social media. The participants completed an
online screening questionnaire designed to determine their suitability
for the experiment. Male participants were 20-35 years old (M=26.56,
SD=3.23). They were included after being confirmed to be native
Hebrew speakers with normal vision and sense of smell. Male partici-
pants further reported being heterosexual, non-smokers and healthy,
and stated they had not been sick during the last three weeks. The study
was approved by the University of Haifa Ethics Committee. All parti-
cipants signed an informed consent form and were given payment or
course credit for their time. Two participants were omitted from the
statistical analysis because they had difficulties understanding the task
instructions. Both had an extremely low number of responses compared
with other participants (> 4 SD below the mean number of overall
responses). Since the experiment was part of a project examining the
effects of exposure to chemosignals on social behavior, we also col-
lected data concerning participants' emotion recognition which will be
reported elsewhere.

2.1.2. Materials
2.1.2.1. Odor collection. Forty-three female participants ranging in age
from 19 to 31 years (M=24.73, SD=2.33) were recruited to collect
pools of samples containing body odor. Women completed a screening
questionnaire and were included after having confirmed that they have
regular menstrual cycles and do not use hormonal contraceptives. They
also reported being heterosexual, not currently living with a spouse,
non-smokers and not using medications or suffering from any physical
or mental disease. Women monitored their menstrual cycles using a
commercial ovulation test (ZER Hitech LTD) and collected body odor
samples during two phases of the menstrual cycle: during ovulation and
during the luteal phase. As in previous studies, we used cotton T-shirts
to collect the body odor samples (Kuukasjärvi et al., 2004; Miller &
Maner, 2010, 2011; Oren & Shamay-Tsoory, 2017). Women were
requested to begin using the ovulation test on the 11th day of their

C. Oren, S.G. Shamay-Tsoory Psychoneuroendocrinology 101 (2019) 50–59

51



menstrual cycle (from the beginning of menses). On the evening that
the test was positive (indicating that ovulation is taking place), the
women were asked to shower thoroughly with no soap or shampoo and
to refrain from using deodorant, perfumes or lotions after their shower.
Furthermore, they were asked to refrain from smoking, drinking
alcohol, eating odorous food (e.g., garlic, onion, strong spices,
asparagus) and engaging in odor-inducing activities (such as cooking
or sexual intercourse). The instructions were similar to those given in
previous studies (Chen and Haviland-Jones, 1999; Havlíček et al., 2006;
Kuukasjärvi et al., 2004; Miller and Maner, 2010, 2011; Oren and
Shamay-Tsoory, 2017; Singh and Bronstad, 2001; Thornhill et al.,
2003). During the following night, the women slept wearing a new,
odorless, white cotton T-shirt that had been previously stored in a
sealed plastic bag. In the morning, the women were asked to put the T-
shirt back in the bag and seal it tightly. The armpit areas were cut from
each T-shirt and then cut into 12 pieces. T-shirt pieces taken from the
first 23 women during ovulation served together as a pooled stimulus
with a large number of duplications. T-shirt pieces from the next 20
women were mixed into a separate pooled stimulus. These T-shirts
pools served as stimuli for the high fertility body odor condition. One
week after the positive test (presumably at the luteal phase of the
menstrual cycle), all the women repeated the procedure once more.
Pools of these T-shirts served as stimuli for the low fertility body odor
condition. We pooled body odor stimuli for each condition in order to
maintain procedure uniformity for all participants (Mujica-Parodi et al.,
2009; Prehn-Kristensen et al., 2009). When not in use, all stimuli were
stored in a freezer (approximately −20 °C).

2.1.2.2. Odor presentation. As described previously (Oren & Shamay-
Tsoory, 2017), stimuli were placed in a glass jar covered with non-
transparent paper. The jar was sealed by a cover containing two holes,
one connected to an air pump (AS-1061, Chuang Xing Manufacturing)
and the other to a nasal cannula (Over-the-Ear nasal cannula with 7 ft
star lumen, Hudson RCI®). The pump continually compressed air
through the jar to the participants' nostrils during the entire session.

2.1.3. Experimental task
The Social Orientation Paradigm (SOP) was developed by Perach-

Barzilay et al. (2013) based on the Point Subtraction Aggression Para-
digm (PSAP), initially designed in order to assess aggressive behavior
(Cherek, 1981). The SOP task evaluates different social orientations
using a monetary game over three different behavioral categor-
ies—individualistic, aggressive and cooperative—by assessing patterns
of reaction toward a fictitious player.

Participants were told that they were about to play a game involving
decision-making together with another male participant currently sit-
ting in another room. They were further told that in order to maintain
anonymity they would not meet the other player, who was receiving
instructions from a different experimenter. In fact, all trials were pre-
programmed since the other player was fictitious. The participants were
told they would undergo the task twice, each time playing with a dif-
ferent player.

The game lasted for ten minutes. It began with 20 credit points that
were displayed at the bottom of the screen under three numbers dis-
played at the top of the screen (Fig. 1.A.). In each trial, participants
were given three possible choices: (i) pressing the '1' key 30 times
would add one point to their score. This choice is considered to be an
individualistic response. (ii) Pressing the '2' key 10 times would subtract
one point from the other participant, a response that is considered
aggressive. (iii) Pressing the '3' key 15 times would add half a point to
the player and half a point to the other participant, a choice that is
considered cooperative (Fig. 1.B). The participants were told that the
other player's game was similar except for one change. By pressing the
'2' key ten times, the other player would not only subtract one point
from the participant, but would also increase his own score by one
point. The task is programmed to include two pre-programed

provocations every minute—representing use of the aggressive reaction
by the fictitious participant—and one fictitious cooperative response.
All changes in the credit point total were shown in the credit counter
and were accompanied by a sound. To encourage engagement in the
task, extra payment was offered as an incentive for participants whose
gains were high. The task was programmed using E-prime 2.0 software
package.

2.1.4. Experimental procedure
We used a double-blind, within-subject design. Each participant

underwent two experimental sessions within a one-week interval. The
participants were greeted by a female experimenter who was using
hormonal contraceptives at the time in order to eliminate changes re-
sulting from her own periodicity (Kuukasjärvi et al., 2004; Miller et al.,
2007). The experimenter was blind to the assigned conditions given to
the participants. The first 37 male participants were exposed to the
body odors of the first 23 women, while the next 26 were exposed to the
body odors of the next 20 women. During the entire session, each man
was exposed to one body odor stimulus, either from the high fertility
condition or from the low fertility condition. At the beginning of each
session, the men rated the odor they were exposed to in terms of in-
tensity, pleasantness and familiarity (Frumin & Sobel, 2013). Subse-
quently, they performed the SOP task. In the second session, the par-
ticipants underwent the same procedure while exposed to the other
body odor condition. (If the stimulus presented in the first session was
from the high fertility condition, the stimulus in the second session was
from the low fertility condition and vice versa). The order of odor
condition presentation was counterbalanced. At the end of the second
session, participants were asked what they thought they were exposed
to. None of the participants raised the possibility that they were ex-
posed to body odors.

2.2. Experiment II

2.2.1. Participants
Sixty men (mean age 27.23, SD=3.33) were recruited via adver-

tisements posted at the University of Haifa and on social media.
Participants completed an online screening questionnaire aimed to test
their suitability for the experiment. Their reports met the same criteria
mentioned in the first experiment. The experiment was approved by the
University of Haifa Ethics Committee. Participants signed an informed
consent form and were given payment or course credit for their time.
We also collected data concerning the participants' emotion recognition
(which will be reported elsewhere).

2.2.2. Compounds
The experimental stimulus comprised 2M estratetraenol (Steraloid,

Inc.) diluted in propylene glycol (Sigma Aldrich; purity 99%) with 1%
eugenol (Sigma Aldrich; purity 99%) mask odor. Control solution was
prepared by propylene glycol alone with an odor mask of 1% eugenol.
Masking odor was used to prevent perceptual differences between EST
and the control solutions. Similar stimuli were used in several previous
studies (e.g., Jacob & McClintock, 2000). Due to the lack of previous
behavioral effects and to ensure sufficient statistical power for ob-
taining existing effects, we used a pharmacological concentration of
EST.

2.2.3. Experimental procedure
We used a double blind, within-subject design. Each participant

underwent two experimental sessions within a one-week interval. The
experimental procedure was identical to that described in Experiment I.
During the entire session, men were exposed to one compound, either
EST or the control solution. The compound was administered using a
pre-prepared Band-Aid containing 100 μL of solution that was placed
above the participant's upper lip. This type of administration ensures
continuous presentation of the chemical signal throughout the
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experimental session (as shown in Frumin & Sobel, 2013). Similar to
Experiment I, at the beginning of each session the men rated the che-
mical signal to which they were exposed in terms of its intensity,
pleasantness and familiarity (Frumin & Sobel, 2013). Subsequently,
they performed the SOP task. The order of chemosignal administration
was counterbalanced.

3. Results

3.1. Experiment I

3.1.1. Subjective ratings of odors
High and low fertility body odor stimuli did not differ in their

perceived pleasantness [t(62) = .652, p= .517, 95%CI(-.197, .381),
Cohen's dZ= .08] or in their perceived familiarity [t(62) = .361,
p= .719, 95%CI(-.425, .612), Cohen's dZ= .04]. However, they dif-
fered in their perceived intensity [t(62)=-2.791, p= .007, 95%CI(-.965,
-.160), Cohen's dZ= .35], with high fertility odor rated as more intense

(M=3.34, SD=1.61) than low fertility odor (M=2.78, SD=1.45).
In order to preclude the possibility that the perceived intensity of

the stimuli affected task performance, we conducted a Pearson corre-
lation analysis between body odor ratings of intensity and task per-
formance at all three response types. The analysis did not show the
change in odor intensity (high fertility odor condition minus low fer-
tility odor condition) to be significantly correlated with the change in
the number of individualistic responses (r= .088, p= .494), the
change in the number of aggressive responses (r= .057, p= .654) or
the change in the number of cooperative responses (r= .072,
p= .575).

3.1.2. The SOP task
A two-way repeated-measure ANOVA was conducted, with odor

condition (low versus high fertility condition) and response type (in-
dividualistic, aggressive and cooperative response) as within-subject
factors. The dependent variable was the number of times participants
chose each response type.

Fig. 1. Illustration of the SOP. The SOP is a monetary game that assesses three different behavior patterns. (A) The game begins with 20 points of credit; during each
trial the participant is asked to choose one of three responses: individualistic, aggressive and cooperative. (B) Illustration of the three response patterns available in
the SOP.
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For the response type main effect, Mauchly's test of sphericity in-
dicated a violation of the assumption of sphericity (Mauchly's W= .67,
p < .000), which was corrected according to Huynh-Feldt criteria
(Epsilon= .770). The analysis revealed a significant main effect for
response type [F(1.54,95.42) = 9.72, p= .000, ηp2= .14]. Pairwise com-
parisons using Bonferoni correction indicated that the number of times
the participants chose an individualistic response (M=48.98,
SD=31.31) was significantly higher than the number of times they
chose an aggressive response (M=17.89, SD=25.72; p= .000).
Furthermore, the number of times the participants chose a cooperative
response (M=38.08, SD=46.30) was significantly higher than the
number of times they chose an aggressive response (p= .007). There
was no significant difference between the number of times the parti-
cipants chose individualistic versus cooperative responses (p= .22).

The main effect for odor condition was not significant [F(1,62) < 1,
p= .892, ηp

2= .000], indicating that there was no overall effect of
odor on the number of completed trails and that the number of com-
pleted trails was relatively similar across the low fertility odor condi-
tion (M=104.40, SD=29.07) and the high fertility odor condition
(M=102.64, SD=29.79). For the interaction effect, Mauchly's test of
sphericity indicated that the assumption of sphericity had not been
violated (Mauchly's W= .95, p= .18). We found a significant two-way
interaction between odor condition and response type [F(2,124) = 4.82,
p= .010, ηp2= .072].

Simple-effect analysis using paired-sample t-tests revealed a sig-
nificant effect for odor condition on the number of times participants
made an individualistic choice [t(62)= 2.21, p= .031, 95%CI(.66,
13.18), Cohen's dZ= .28], with fewer individualistic responses in the
exposure to high fertility body odor condition (M=45.52, SD=31.78)
than in the exposure to low fertility body odor condition (M=52.44,
SD=32.00). The simple effect of odor condition on the number of
times participants chose a cooperative choice was significant as well
[t(62)= -2.52, p= .014, 95%CI(-16.11, -1.86), Cohen's dZ= .32], with
more cooperative responses under exposure to the high fertility body
odor condition (M=42.57, SD=50.69) than under exposure to the
low fertility body odor condition (M=33.59, SD=44.43). The simple
effect of odor condition on the number of times participants made an
aggressive choice was not significant [t(62) = .88, p= .383, 95%CI
(-3.07, 7.90), Cohen's dZ= .11] (Fig. 2).

To examine whether the order of the chemosignal presentation
(high fertility body odor condition versus low fertility body odor con-
dition in the first session) had an effect on the results, we analyzed the

results once again by incorporating the order of odor presentation as an
additional variable in the model. A three-way repeated-measure
ANOVA was conducted, with odor-presentation order as an added be-
tween-subject independent variable. We found a significant three-way
interaction between odor condition, response type and the presentation
order [F(2,122) = 4.33, p= .015, ηp

2= .066] in addition to the still
significant two-way interaction between odor condition and response
type [F(2,122) = 5.35, p= .006, ηp2= .081].

Follow-up analysis using two-way repeated-measures ANOVA re-
vealed a significant interaction between odor condition and response
type for participants who underwent the high fertility body odor con-
dition first [F(1.67, 44.86)= 6.42, p= .006, ηp

2= .192; corrected ac-
cording to Huynh-Feldt criteria, Mauchly's W= .73, p= .018]. Simple-
effect analysis using paired-sample t-tests revealed a significant effect of
odor condition on the number of times participants made an in-
dividualistic choice [t(27) = 3.66, p= .001, 95%CI(7.42, 26.36),
Cohen's dZ= .69], with fewer individualistic responses in exposure to
high fertility odor condition (M=40.54, SD=26.11) than in the ex-
posure to low fertility odor condition (M=57.43, SD=35.87). The
simple effect of odor condition on the number of times participants
chose a cooperative choice was not significant [t(27)= -1.39, p= .18,
95%CI(-18.16, 3.52), Cohen's dZ= .26] as was also the simple effect of
odor condition on the number of times participants made an aggressive
choice [t(27)= -1.33, p= .195, 95%CI(-11.54, 2.47), Cohen's dZ= .25]
(Fig. 3a).

For participants who underwent the low fertility body odor condi-
tion first, we found a significant two-way interaction between odor
condition and response type as well [F(2,68) = 3.30, p= .043,
ηp

2= .089], with significantly more cooperative responses under the
high fertility odor condition (M=38.0, SD=44.92) than under the
low fertility odor condition (M=27.69, SD=36.52)[t(34)= -2.11,
p= .042, 95%CI(-20.24, -.39), Cohen's dZ= .36]. The simple effect of
odor condition on the number of times participants chose an aggressive
behavior was significant as well [t(34) = 2.04, p= .049, 95%CI(.026,
15.92), Cohen's dZ= .34], with more aggressive responses under the
low fertility odor condition (M=21.54, SD=29.71) than the high
fertility odor condition (M=13.57, SD=24.52). The simple effect of
odor condition on the number of times participants chose an in-
dividualistic response was not significant [t(34)= -.28, p= .783, 95%CI
(-8.79,6.67), Cohen's dZ= .05] (Fig. 3b).

The pattern of aggressive behavior reactions is reversed with the
different orders of chemosignal presentation. To examine whether this
result can be attributed to a practice effect, we compared the overall
number of responses made in each session. We found a non-significant
trend [F(1,61) = 3.53, p= .065, ηp2= .055] where the total number of
responses was higher in the second (M=37.30, SD=13.15) compared
to the first session (M=33.13, SD=11.76). We further found that
while aggressive responses tended to be more frequent in the first ses-
sion [t(62) = 2.44, p= .017, 95%CI(1.17, 11.72), Cohen's dZ= .31],
cooperative and individualistic responses were more frequent in the
second session [t(34)= -.66, p= .509, 95%CI(-9.93, 4.98), Cohen's
dZ= .08 and t(34)= -2.62, p= .011, 95%CI(-14.27, -1.92), Cohen's
dZ= .33, respectively].

3.2. Experiment II

3.2.1. Subjective ratings of compounds
EST and the control solution did not differ in their perceived in-

tensity [t(59)= -.721, p= .474, 95%CI(-.503, .237), Cohen's dZ= .09],
nor did they differ in their perceived pleasantness [t(59)= -.305,
p= .761, 95%CI(-.378, .278), Cohen's dZ= .04] and familiarity
[t(59) = .274, p= .785, 95%CI(-.420, .554), Cohen's dZ= .03].

3.2.2. The SOP task
A two-way repeated-measures ANOVA was conducted, with com-

pound (EST versus placebo) and response type (individualistic,

Fig. 2. Summary of the effects of odor condition on men's responses in the SOP.
Mean (SEM) number of choices for each possible response type with respect to
odor condition. A significant interaction between odor condition and response
type was found (p= .010, ηp

2 = .072). We further found a significant increase in

cooperative behavior (p= .014, Cohen's dZ= .32) and a significant decrease in
individualistic behavior (p= .031, Cohen's dZ= .28) under exposure to the
high fertility body odor condition. N= 63, * p < .05
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aggressive and cooperative response) as within-subject factors. The
dependent variable was the number of times participants chose each
response type.

For the response type main effect, Mauchly's test of sphericity in-
dicated that the assumption of sphericity was violated (Mauchly's
W= .67, p < .000); therefore a correction was made according to
Huynh-Feldt criteria (Epsilon= .752). A significant main effect was
found for response type [F(1.52,90.52) = 8.12, p= .002, ηp

2= .12].
Pairwise comparisons using Bonferoni correction indicated that the
number of times participants chose an individualistic response
(M=50.30, SD=34.79) was significantly higher than the number of
times they chose an aggressive response (M=20.41, SD=29.12;
p= .000). The number of times participants chose a cooperative re-
sponse (M=38.16, SD=50.59) was higher than the number of times
they chose an aggressive response and lower than the number of times
they chose an individualistic response, though these differences were
not significant (p= .072, p= .554, respectively). The main effect for
the chemosignal was not significant [F(1,59) < 1, p= .651, ηp2= .004],
suggesting the compound had no overall effect on the number of
completed trials in each experimental session. For the interaction effect
as well, Mauchly's test of sphericity indicated a violation of the as-
sumption of sphericity (Mauchly's W= .865, p < .05); therefore a
correction was made according to Huynh-Feldt criteria
(Epsilon= .906). We found a significant interaction between response
type and presented compound [F(1.81,106.96) = 3.75, p= .031,
ηp

2= .060].
Simple-effects analysis using paired-sample t-tests revealed that the

presented compound had a significant effect on the number of times
participants made a cooperative choice [t(59) = 2.17, p= .034, 95%CI
(.89, 22.14), Cohen's dZ= .28], with more cooperative responses under
exposure to EST (M=43.92, SD=53.45) than under exposure to the
control solution (M=32.40, SD=47.33). The simple effect of odor
condition on the number of times participants made an individualistic
choice was marginally significant [t(59)= -1.76, p= .084, 95%CI
(-15.90, 1.03), Cohen's dZ= .23], with fewer individual responses
under exposure to EST (M=46.58, SD=34.31) than under exposure
to the control solution (M=54.02, SD=33.04). The simple effect of
chemosignal on the number of times participants made an aggressive
choice was not significant [t(59)= -1.43, p= .16, 95%CI(-12.77, 2.14),
Cohen's dZ= .18] (Fig. 4).

In order to investigate whether the order of the chemosignal pre-
sentation (EST versus control in the first session) had an effect on the

results, we reanalyzed the results, including the order of odor pre-
sentation as an additional variable. A three-way repeated-measure
ANOVA was conducted, with odor presentation order as the added
between-subject independent variable. We found a significant three-
way interaction between response type, the presented compound and
presentation order [F(1.65,97.38) = 6.24, p= .005, ηp2= .096; corrected
according to Huynh-Feldt criteria, Mauchly's W= .74, p= .000] in
addition to the still significant two-way interaction between odor
condition and response type [F(1.65,97.38) = 4.039, p= .027,
ηp

2= .064].
Follow-up analysis using two-way repeated-measures ANOVA re-

vealed a significant interaction between compound and response type
for participants who were administrated with EST in the first session
[F(1.3,37.64)= 4.84, p= .025, ηp

2= .143; corrected according to
Huynh-Feldt criteria, Mauchly's W= .42, p= .000]. Simple-effect
analysis using paired-sample t-tests revealed a significant effect for
compound on the number of times participants made an individualistic
choice [t(29)=-3.15, p= .004, 95%CI(-29.66, -6.34), Cohen's dZ= .58],
with fewer individualistic responses in the exposure to EST (M=38.83,
SD=41.33) than in the exposure to the control solution (M=56.83,
SD=31.46). The simple effect of compound on the number of times

Fig. 3. Summary of the effects of odor condition on men's responses in the SOP with each odor presentation order. Mean (SEM) number of choices for each possible
response type with respect to chemosignal exposure, for participants who were exposed to the high fertility body odor condition in the first session (A) and for those
who were exposed to the low fertility body odor condition in the first session (B). A significant interaction between odor condition and response type was found in
both. Exposure to the high fertility body odor in the first session significantly decreased individualistic responses, while exposure to this odor condition in the second
session significantly increased cooperation and decreased aggression.

Fig. 4. Summary of the effects of EST on men's responses in the SOP. Mean
(SEM) number of choices for each possible response type with respect to ad-
ministered chemosignal. A significant interaction was found between exposure
to the administered compound and response type (p= .031, ηp2= .060). We
further found a significant increase in cooperative behavior (p= .034, Cohen's
dZ= .28) and a non-significant trend of decreased individualistic behavior
(p= .084, Cohen's dZ= .23) under exposure to EST, N=60, * p < .05.
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participants chose an aggressive response was significant as well
[t(29)= 3.13, p= .004, 95%CI(2.95, 14.05), Cohen's dZ= .57], with
more aggressive responses during the exposure to EST (M=24.1,
SD=35.12) than with exposure to the control solution (M=15.6,
SD=25.02). The simple effect of compound on the number of times
participants chose a cooperative choice was not significant
[t(29)= .824, p= .42, 95%CI(-8.79, 20.66), Cohen's dZ= .15] (Fig. 5a).

For participants who were administrated with the control solution
in the first session, a significant two-way interaction was found between
compound and response type as well [F(2,60) = 5.41, p= .007,
ηp

2= .15], with significantly more cooperative responses with exposure
to EST (M=38.61, SD=48.84) than with exposure to the control
solution (M=22.06, SD=27.05)[t(30) = 2.19, p= .036, 95%CI(1.12,
31.97), Cohen's dZ= .39]. The simple effect of compound on the
number of times participants chose an aggressive behavior was sig-
nificant as well [t(30)= -3.18, p= .003, 95%CI(-30.42, -6.61), Cohen's
dZ= .57], with more aggressive responses resulting from exposure to
the control solution (M=30.16, SD=33.21) than from EST
(M=11.65, SD=19.98). The simple effect of compound on the
number of times participants chose an individualistic response was not
significant [t(30) = .549, p= .587, 95%CI(-8.25, 14.32), Cohen's
dZ= .098] (Fig. 5b).

To examine whether the results can be attributed to a practice ef-
fect, we compared the overall number of responses made in each ses-
sion. We found a non-significant trend [F(1,59) = 3.18, p= .080,
ηp

2= .051] according to which the total number of responses was
higher in the first (M=38.77, SD=14.58) compared to the second
session (M=34.10, SD=14.35). We once again found that the overall
number of aggressive responses was significantly higher in the first
session [t(60) = 4.14, p= .000, 95%CI(7.02, 20.16), Cohen's dZ= .53],
while cooperative and individualistic responses were more frequent in
the second session [t(60)= -1.02, p= .311, 95%CI(-16.25, 5.67),
Cohen's dZ= .13 and t(60)= -2.56, p= .013, 95%CI(-18.50, -2.87),
Cohen's dZ= .33, respectively].

4. Discussion

In this study we investigated the effect of women's chemosignals of
fertility on men's tendency to adopt a cooperative strategy. We used a
large sample of odor donors and created pooled odor stimuli in order to
avoid recipients' preferences for individual donors. We further explored

the role of the chemosignal estratetraenol in producing similar effects.
In line with our hypothesis, we found that exposure to women's che-
mosignals of high fertility increases men's tendency to apply a co-
operative strategy and decreases their tendency to apply an in-
dividualistic strategy while interacting with another unfamiliar man. In
the second experiment, we similarly found that EST administration
increases men's tendency to implement a cooperative strategy in the
same environment.

In both experiments, within-subject differences in behavior could
not be attributed to differences in perceptual qualities of the odors.
Nevertheless, it is important to note that failure to detect differences in
women's body odor pleasantness across the menstrual cycle phases is
inconsistent with previous findings suggesting that women's body odor
during ovulation is more pleasant than during other phases (Havlíček
et al., 2006; Kuukasjärvi et al., 2004). One possible explanation for this
discrepancy is methodological differences in odor presentation. Pre-
vious studies presented men with several different odors successively,
that is, with women's body odors from several menstrual cycle phases in
each experimental session. Such presentation allows participants to
compare odors and experience minor differences in their perceptual
quality. Presenting odors from different menstrual cycle phases in dif-
ferent sessions, as in the current study, prevents participants from such
comparison and thus from detecting subtle changes in the odors’ plea-
santness.

From an evolutionary standpoint, the human ability to function
adequately in a social environment is crucial. Evolutionary research
contends that humanoid ancestors that were not appropriately in-
tegrated within social groups were unable to survive or reproduce (Buss
& Kenrick, 1998). In line with this contention, studies suggest that
cooperative behavior is perceived as representing an individual's at-
tractive traits (Farrelly et al., 2007). Thus, in the context of mating
motivation, pro-social cooperative qualities offer a significant ad-
vantage, in accordance with Zahavi's (1995) handicap principle. As
previous studies support the notion that exposure to women's chemo-
signals of fertility enhances mating motivation (Miller & Maner, 2011;
Oren & Shamay-Tsoory, 2017), we suggest that such enhanced moti-
vation further influences men's behavior by causing them to act in a
way that highlights their attractive qualities by adopting a cooperative
approach.

Previous findings obtained using the Social Orientation Paradigm
demonstrate that participants' performance may vary significantly due

Fig. 5. Summary of the effects of EST on men's responses in the SOP with each odor presentation order. Mean (SEM) number of choices for each possible response
type with respect to administered compound, for participants who were exposed to EST in the first session (A) and for those who were exposed to EST in the second
session (B). A significant interaction between compound and response type was found in both cases. Exposure to EST in the first session significantly decreased
individualistic responses and increased aggressive behavior, while exposure to EST in the second session significantly increased cooperation and decreased ag-
gression.
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to the context in which the task is presented. For example, under ad-
ministration of oxytocin, which is known to enhance the social salience
of stimuli in the environment (Shamay-Tsoory & Abu-Akel, 2016),
participants reacted to aggressive provocations by choosing an ag-
gressive strategy significantly more often than under administration of
placebo (Ne’eman et al., 2016). In a different study in which partici-
pants performed the SOP task while being exposed to androstadienone,
a putative chemosignal that signals dominance, participants more fre-
quently chose an individualistic response while choosing a cooperative
response less frequently. This finding was interpreted as an increase in
social avoidance (Banner et al., 2018). In the present study, participants
followed a more pro-social rather than anti-social course of action
under exposure to women's chemosignals of fertility and under ex-
posure to EST. It is possible that exposure to these chemosignals induces
a different context in which mating motivation is more dominant, while
provocations and competition become less salient.

As participants were exposed to women's fertility cues, they in-
creased their cooperation with the other participant. Such behavior can
be considered pro-social approach behavior. It is possible that the
presented chemosignals implied the presence of women during the
experiment. Such presence could be interpreted either that a woman is
present in the room or that the other player against whom the parti-
cipant is playing is a woman. In both cases, since pro-social behavior is
considered to be attractive (Farrelly et al., 2007), increased cooperation
following exposure to signals of fertility may stem from an attempt to
impress and from increased mating motivation. Our findings are in line
with those of Tan and Goldman (2015), who used a simple approach-
avoidance task to demonstrate that exposure to women's chemosignals
of fertility increases men’s preference to sit in closer proximity to
women, a preference that was interpreted as a stronger tendency to
approach other women.

It is important to note that exposure to women's chemosignals of
fertility may hypothetically lead to increased aggressive behavior. This
is in line with primate research suggesting that aggression between
males is more frequent during females' estrus days (Fruth & Hohmann,
2003). However, the findings of the current study demonstrate a dif-
ferent pattern, in which exposure to women's chemosignals of fertility
increased cooperative rather than aggressive behavior. As previously
mentioned, it is possible that exposure to such signals created a sense of
presence of a woman, which in turn decreased aggressive behavior. It is
further possible that such presence influenced participants' perceptions
of the other player with whom they were playing, intimating that they
were playing with a woman rather than a man. As male aggression
toward females is rare and infrequently followed by mating (Fruth &
Hohmann, 2003), it is unlikely that men would behave aggressively
toward someone they believe to be a woman.

The results from the two aforementioned experiments that found
similar effects for chemosignals of high fertility and EST under a similar
environment support the hypothesis that EST may serve as a possible
biological mediator for the effects of women's chemosignals of fertility
on men's behavior. EST has previously been identified as a putative
human chemosignal (Verhaeghe et al., 2013) as it has been linked to
sexual arousal (Bensafi et al., 2004) and gender communication (Zhou
et al., 2014). Further support for the compound's role in sexual com-
munication is apparent by its selective influence on men's electrical
potential at cells that were considered a part of the vomeronasal
system, while not producing such electrical changes in women or in
other olfactory epithelium cells (Monti-Bloch & Grosser, 1991). It
should be noted that EST may be only one compound among others
present in women's body odor at high fertility. Therefore it is possible
that exposure to EST only partially explains the effects of women's body
odor on men's behavior. Furthermore, similar to several previous stu-
dies involving putative human chemosignals (Verhaeghe et al., 2013),
in this study we used a pharmacological concentration of EST in order
to ensure the detection of any possible effect. Future studies examining
effects of biological concentrations on behavior are warranted. It is

important to note that EST has not yet been found in women's axillary
sweat (Wyatt, 2015), and that several studies using EST and other pu-
tative chemosignals of the same family produced conflicting effects
(Ferdenzi et al., 2016; Hare et al., 2017; Pause, 2004). Therefore the
results should be interpreted with caution.

Another limitation of the current study is that no measures of psy-
chological and/or biological factors were included, thus precluding us
from relating our findings to such factors. The current study provides
the first evidence of the influence of chemosignals of fertility on co-
operative behavior, and to the possible involvement of the chemosignal
EST. Further studies exploring the biological and psychological me-
chanisms of the behavioral changes found in men's cooperative beha-
vior are needed. Furthermore, in the current study we were not able to
see whether chemosignals of low fertility affect men's behavior, as we
only examined these chemosignals compared with chemosignals of high
fertility. In order to explore that and to determine the unique con-
tribution of EST in fertility signaling, we suggest future studies to use a
three-group comparison design, incorporating exposure to both che-
mosignals of fertility and EST. In such study, comparing a control so-
lution to chemosignals of low-fertility (non-ovulation) may reveal
whether low-fertility chemosignals also affect men’s behavior, and
comparison of low-fertility chemosignals to low-fertility chemosignals
with EST may reveal whether EST has a role in modifying men's be-
havior, similarly to that found here for chemosignals of high fertility.

It is important to note that in both experiments we found an in-
teraction between the presented chemosignal, response type and pre-
sentation order of chemosignals. This finding may reflect a practice
effect. As previously suggested by Banner, Frumin and Shamay-Tsoory
(2018), this pattern may result from higher familiarity with the task in
the second session, and from a possibly more efficient decision-making
process. This is in line with several previous studies which used the SOP
or similar tasks (Banner et al., 2018; Cherek, 1981; Ne’eman et al.,
2016), all of which found differences in participants’ reactions across
the experimental sessions, regardless of treatment. Further examination
of the pattern of results and effect sizes in the present study’s two ex-
periments, reveals that aggressive behavior was particularly subjected
to a practice effect as it decreased systematically in the second session.
This was accompanied by an increase in individualistic and cooperative
responses in the second session. Such a decrease in aggressive behavior
may result from participants understanding the monetary expectancies
of each response. As both individualistic and cooperative responses
hold a positive monetary value, aggressive reactions are not beneficial.
Namely, it is possible that in the second session, participants had
learned that in order to maximize their earnings they should avoid
using aggressiveness and consequently the frequency of such reactions
decreased. The monetary expectancy of individualistic and cooperative
responses are positive and equal, therefore differences in the frequency
of these reactions cannot be attributed to a learning effect. Increased
frequency of these responses in the second session may result from
higher levels of motivation and by an attempt to maximize earnings in
this later session (Banner et al., 2018). Most importantly, the fact that
despite these potential practice effects, we found a significant interac-
tion effect between the presented chemosignal and the participants'
response in both sessions, supports the role of chemosignals in reg-
ulating behavior.

5. Conclusions

In conclusion, our findings show that women's chemosignals of
fertility affect men's tendency to adopt a cooperative strategy toward
others. The increased mating motivation occurring after exposure to
signals of high fertility encourages men to cooperate with others in
order to highlight qualities considered attractive. Our study is the first
to test the influence of estratetraenol, a human putative chemosignal, in
a natural social environment. We demonstrated that similar to exposure
to women’s chemosignals of fertility, exposure to EST causes a
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significant increase in cooperative behavior frequency, implying a po-
tential role of EST in mediating the behavioral influences of body odor.
This role should be examined in further studies by analyzing auxiliary
sweat chemical composition. These findings extend the knowledge re-
garding the involvement of chemosignals in human social behavior and
represent initial steps in establishing the biological mechanism under-
lying human chemosignals.
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