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ARTICLE INFO ABSTRACT

Keywords: In body odor research, the interaction of female donors and receivers is scarcely investigated. With the aim to
Chemosensation investigate effects of female body odor in a competitive context, we tested 51 women divided into two groups
Intrasexual competition (i.e., a competitive and a non-competitive group, based on verbal instructions). Between groups, we explored
Olfamof‘ whether female body odor exposure (vs. masker odor) modulates emotion categorization (via RT variance and
g:]:rllomgnal distribution) and physiological reactions (via instantaneous heart rate) in a task with dynamic male and female
Heart rate faces as either angry or happy. Women in the competitive group reported to feel more competitive and per-

formed more accurately. They gathered more emotional information to categorize dynamic faces and when
additionally exposed to female body odor, they showed a resistance to cardiac deceleration. Lapses of attention
(via RT distribution) occurred irrespective of body odor exposure. Our results support the idea that female body
odors, presented in a competitive context, contrast cardiac deceleration and, by tendency, modulate emotion
categorization. Data are discussed in the context of chemosignaling and social interactions among women.

1. Introduction

Animal research has shown that olfactory information mediates
behavior related to competition and conflict. Female individuals across
species avoid direct conflict (i.e., physical aggression), except when
protection of their offspring is at stake. During lactation only, female
mice engage in territorial aggression to intruding conspecifics [69] - a
behavior strictly mediated by chemosignals [6]. Whether the contextual
experience of competition is mediated by body odors in humans is to
date unclear, especially when women are in focus of the research.
Women are better at picking up subtle cues in non-verbal commu-
nication (e.g., facial expressions, [26]) and this is also true for che-
mosensory communication [66]. With chemosensory cues being subtle
by nature and with women being better at picking up subtle cues, the
question arises whether women show modulated face recognition in the

context of competition and chemosignals, both not palpable or visible
to the naked eye.

In contrast to male-male interactions, female-female dyads are
dense of nonverbal cues [22,58]. Many studies have explored this
communicational aspect: Women recognize ambiguous facial expres-
sions more accurately than men (i.e., 50% of a facial emotion, [26];
among other aspects [8]), women prefer appeasing strategies to main-
tain a superficial interpersonal harmony during conflicts (e.g., tend-
and-befriend, [68]), they tend to subtly derogate same-sex competitors
and their social status during sexual selection ([7,12,20,57,70,711), and
they scrutinize same-sex individuals more thoroughly (own-sex bias,
e.g., in girls [60]), also in relation to slight hormonal changes (e.g.,
women judged faces of ovulating women as more attractive than those
of non-ovulating women, [61]). Their superiority in decoding emotions
[75] and subtle social signals has been explained by an overarching
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evolutionary postulate: The primary caretaker hypothesis [4] assumes
an innate ability in females to rapidly read emotions of kin in order to
facilitate satisfactory care of offspring.

Since women's sensitivity to subtle cues in non-verbal communica-
tion is enhanced, it appears plausible to assume that women capitalize
on the body odor information of other women. A limited number of
studies has suggested that body odors are subtle cues that can have
relevance in competition. The modulation of social interactions and/or
competitive scenarios through body odors is mostly explored in inter-
sexual body odor communication research. A competitor can be per-
ceived as a threat and body odors are commonly used to signal such
olfactory threat.

In the studies reported next, exposure to body odors - from various
forms of threat - were used to observe behavioral and central/auto-
nomic nervous effects on judgment of socio-emotional material: Body
odors of unknown individuals activated amygdala and insula, areas
involved in the so-called fear network [36]. They also activated com-
parable autonomic responses to aversively conditioned odors (i.e., skin
conductance, [13]). More directly, body odors of aggressive men led to
prolonged reactions to anxiety-related material [47] and activated the
thalamus (indicating a cross-check with other sensory modalities) and
the cingulum (known as a part of the neural alarm system; [48]). Body
odors of competitive athletes induced higher skin conductance (i.e.,
arousal) in socially anxious participants [1]. Recently, we revealed ef-
fects on face categorization: body odors of fearful individuals affected
dynamic facial expression categorization (i.e., morphing from neutral to
either angry or happy [63]).

The above mentioned intersexual research on threatening/compe-
titive body odor was a fruitful method of showing that such subtle cues
can be used in a competitive context, but it is mostly characterized by
male body odor exposure for both sexes. These results may not directly
be translated to women smelling other women's body odors.

From an intrasexual perspective, a limited number of studies con-
sidered women's body odors in competitive contexts based on the
aforesaid female fine tuning to subtle communication and their pre-
ference to signal competition implicitly. Woodward, Thompson &
Gangestad [76] showed that women exposed to female body odors
implement more assertive responses to other women. This was only
investigated in a hypothetical competition scenario via questionnaires.
Second, women fixate same-sex competitors longer than available male
targets, when exposed to body odor compounds (i.e., androgen-steroid
derivative androstadienone; [54]). The two studies suggest that body
odors are indeed associated with indirect competitive strategies and
altered face processing in competing women. The limited amount of
research on female-female chemosensory interaction is exacerbated by
many sex-specific methodological aspects. Changes related to hormonal
contraception (e.g., see [16,24,30]), pregnancy, lactation, menopause
onset or menstrual cycle phases [30,64] introduce a wealth of con-
founding factors influencing donation quality. In contrast, women are
appealing as receivers as they are reported to be particularly sensitive
to common odors (e.g., [10,17]) and body odor features (e.g., [56,59]),
including emotions (e.g., [15]).

The goal of this experiment was to determine whether women in
reproductive age would categorize dynamic facial expressions differ-
ently based on a competitive vs. non-competitive mindset and exposure
to female body odors. A dynamic emotion categorization task under
exposure to body odors of women (masked with a neutral odor) or
masker odor alone (based on [63]) was implemented. We performed
analyses of response accuracy, response time (RT) and RT dispersion (to
assess lapses of attention) associated with odor exposure and a com-
petitive mindset. To determine the attention-related autonomic nervous
activity linked to competition and body odor exposure, we measured
instantaneous heart rate (IHR). IHR is an autonomic nervous system
measure that is known to reveal variations in cognitive effort, such as
the allocation of attention following the presentation of affective sti-
muli [51,52]. Stimuli capturing attention contribute to cardiac
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deceleration whereas cardiac acceleration (or resistance to decelera-
tion) is linked to defense responses. Despite the exploratory nature of
this research, we used the following hypotheses to guide our analyses:

As a manipulation check, we hypothesized a stronger competitive
mindset (measured via competitiveness self-rating and response accu-
racy in the dynamic emotion categorization task) in the competitive vs.
non-competitive group.

Then, we expected the exposure to female body odors vs. masker to
modulate the speed of emotion categorization in the competitive (but
not in the non-competitive) group. Specifically, longer categorization
RT - which reflect a greater level of disambiguation in the categoriza-
tion of the facial expression - were predicted for the competitive group
when exposed to the body odor (in line with facial categorization ob-
served under exposure to threatening body odor, [63]).

Additionally, we hypothesized that the competitive groups, ideally
under female body odor exposure, would commit more lapses of at-
tention in categorizing emotional faces (via RT distribution). This
would be in line with the idea that the presence of a body odor alone
can constitute a threatening cue [13,54] and that threatening body
odors (i.e., from stressed donors) affect task performance in ways
compatible with reduced attentional resources [65].

Lastly, to reveal increased responsiveness to nonverbal cues of po-
tential competitors, we expect a lack of or resistance to cardiac decel-
eration in competitive women under exposure to female body odor.

2. Materials and methods
2.1. Body odor donation and chemosensory samples

Body odor from three healthy heterosexual females (age:
M = 28.33 years, SD = 2.31 years) was collected after a washout phase
of seven days, as previously successfully applied previously
([36,38,441). During this washout phase, and the consecutive donation
phase, no scented personal care products (e.g., perfumes, deodorants,
detergents) were used, no armpit shaving, and no consumption of
odorous and spicy food (e.g., onion, garlic, curry, asparagus) was al-
lowed. Donors experienced regular menstrual cycles for the past six
months and tested ovulation daily via urine samples. None of the do-
nors ovulated during the donation period (as measured via Wondfo,
luteinizing hormone ovulation test stripes, 25 mIU/ml sensitivity). By
this means, a higher hormonal stability of the odor samples from non-
ovulatory menstrual cycle phases was ensured (compared to sampling
during ovulatory menstrual cycle phases). The donors' competitiveness
towards other women was scored via a questionnaire (adapted version
of the Female Competition Questionnaire; [9]) and all three donors
scored in the mid-range of female competitive behavior (M = 36,
SD = 8.54). Donors did not display clinically relevant alexithymia
(TAS-20: M = 46, SD = 4.36; Toronto Alexithymia Scale; [3]), anxiety
(STICSA Trait: M = 32, SD = 7.23; State and Trait Inventory for Cog-
nitive and Somatic Anxiety; [72]) or aggression traits (STAXI Trait:
M = 20.67, SD = 3.51 State Trait Anger Expression Inventory; [67]).
During eight consecutive days and nights (donation phase), the donors
wore shirts with cotton pads (Ultra-Thin Nursing Pads, Gerber Inc., ON,
Canada) sewn into the armpit area. Every day, a new t-shirt with in-
sewn cotton pads was provided, stored in re-sealable plastic bags. The
shirts served to hold the pads in place and protected the pads from
exogenous odor contamination. The t-shirts as well as the bed linens
and towels used during the collection were washed with odorless de-
tergent right before the sampling session [55]. Before going to bed each
night, donors showered using the odorless products to remove exo-
genous odor residues and slept in bed alone so that no external fra-
grances interfered with the body odor collected on the pads. The re-
sulting axillary body odor pads were collected daily. To avoid odor
contamination, all pads were handled with odorless surgical gloves and
assessed regarding odor intensity and exogenous odorants by three
normosmic olfactory assessors trained to detect contamination of body
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odor samples. Pads were included only if the body odor was detectably
strong and did not contain any perceivable exogenous odors (such as
perfume, smoke or spices, n =1 pad was possibly contaminated by
perfume and therefore excluded). All pads were stored in coded re-
sealable plastic bags. Once deemed usable, body odor pads were im-
mediately cut in four quadrants and kept frozen (—80 °C) until appli-
cation to prevent additional bacterial decomposition [31].

2.2. Receivers

A total of 65 healthy, heterosexual women provided written in-
formed consent prior to the experiment. All aspects of the study were
approved by the Institutional Review Board of the University of
Pennsylvania and complied with the Declaration of Helsinki. Using an
estimated effect size of f = 0.2, error probability of a = 0.05 and power
(1- B) of 0.95 for the mixed effects F-tests, the a priori power analysis
(G*Power, Version 3.1; [19]) indicated a total sample size of n = 56.

All receivers reported neither psychiatric, physical, neurological
diseases, nor current medication intake. Via the 16-item identification
subtest of the Sniffin’ Sticks test [27,29], normal olfactory function was
ascertained (M = 13.63; SD = 1.15; range = 11-15). All receivers
scored above the cut-off score of 11 out of 16 (non-competitive group:
M =13.28; SD =1.08; and non-competitive group: M = 13.96;
SD = 1.09), revealing similar olfactory identification skills. Adapting
strict inclusion criteria, 14 out of 65 receivers were excluded due to
clinically relevant scores in the screening questionnaires for alex-
ithymia (TAS-20, score =61, n=3) and anxiety (STICSA-T,
score = 43, n = 8) and n = 3 receivers were excluded because they
scored above the respective cut-offs for both questionnaires. The ra-
tionale behind these decisions was to avoid biases by receivers with the
facilitated detection of offensive or potentially threatening cues [28,56]
as well as receivers with impaired ability in recognizing facial expres-
sions due to their inability to experience emotions [14,53]. Also, re-
ceivers were excluded due to hyposmia (n = 2), as measured via the
identification subtest of the Sniffin’ Sticks [29], and due to technical
problems (n = 3). The final sample consisted of 51 female receivers,
randomly divided in two groups - based on the verbal instructions they
received (non-competitive group: n = 26, age M = 26.18 years,
SD = 4.67 years; range = 18-36 years vs. competitive group: n = 25,
age M = 26.42years, SD = 4.41 years; range = 20-34 years). Via in-
dependent t-test, a comparison of the female competitiveness scores
between the non-competitive group (M = 24.15, SD = 8.79) and the
competitive group (M = 23.88, SD = 10.83) revealed no trait differ-
ences (p = .921). None of the receivers took hormonal contraception
during the past six months and all experienced normal menstrual cycle
length. No group differences for emotional perception with alexithymia
screening (TAS-20), trait anxiety screening (STICSA), or trait anger
screening (STAXI) were observed (via t-tests, all p; > .05).

No variations of subjective negative emotions (via pre-post STAXI
and STICSA state questionnaires) between competitive groups inter-
fered with the participants' emotion categorization performance (sup-
plementary material A). None of the receivers had participated as a
body odor donor within the present study. Prior to testing, receivers
refrained from using scented personal care products for 24 h and did
not eat or drink one hour before the beginning of the experiment.

An illustration of the experimental procedure can be found in Fig. 1.
For a short summary, the receivers first completed ratings and ques-
tionnaires (i.e., competitiveness rating at baseline, face ratings, odor
ratings and questionnaires to assess trait competition, anger, alex-
ithymia, and anxiety). Then, following the verbal delivery of instruc-
tions to feel competitive or non-competitive, respectively, receivers
from the competitive and non-competitive groups rated their perceived
competitiveness post instructions. Subsequently, they were hooked up
to the olfactometer and the electrocardiography device and started the
dynamic emotion categorization task during odor exposure (masked
FBO and masker odor). At the end of the experimental procedure,
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receivers completed a competitiveness rating, anxiety / anger state
questionnaires, and odor discrimination and identification.

2.3. Body odor stimuli

The masked female body odors (masked FBO or mFBO) were cre-
ated by combining one quadrant (one fourth of a pad) from each donor
and a clean quadrant into supra-donor stimuli (3 odorous quadrants + 1
odorless; [37,41,44]). The quadrant from each donor was collected at
different time points during the collection period, allowing each re-
ceiver to be presented with a unique sample, and therefore reducing
potential effects associated with individual odor donors. To prevent
body odor from interacting with added fragrances (e.g., as addressed in
[2] and [32]) and to avoid conscious detection of the female body odor
[55], a neutral olfactory mask (100 pl of oakmoss; Oakmoss Inco 10%,
isopropyl myristate, Givaudan Fragrances Corporation) was applied
onto the clean quadrant pad. All applications of oakmoss odor were
done using single channel manual pipettes with disposable tips set to
100 pl. Control stimuli were created by combining four empty, clean
pad quadrants with the same amount of oakmoss odor (100 pl) on one
pad quadrant.

Odor ratings for masked FBO, masker and an odorless control
(empty pad with clean air) on a 100-pt visual analogue scale (VAS)
were obtained for the odor qualities intensity, pleasantness, familiarity,
threat, and disgust (see supplementary material A). Taken together, no
significant differences were found for any of the competition groups
(via ANOVASs): the masker and the masked FBO were not perceptually
different on any of the self-reported odor features (all ps > .068). Both
odors were perceptually different from the odorless control/clean air
(all ps < .05).

During the dynamic emotional categorization trials, receivers were
repeatedly exposed to either the oakmoss odor (henceforth masker) or
to the masked FBO (female body odor pads of three different donors
with oakmoss odor) in a within-subject design (18 odor stimulations in
total) administered via a computer-controlled olfactometer [39]. They
were instructed to inhale through their nose once a green crosshair
appeared in the center of the computer screen. Teflon tubings directed
the flow of odorous or clean air (CA) through a manifold attached to the
receiver's chest into her nostrils. Per trial, only one odor was applied bi-
rhinally with a flow of 1.51/min per nostril. The odors were presented
for the duration of the presentation of the facial expressions until the
receiver responded via button press. As the length of the odor pre-
sentation was longer than a natural breath cycle, we preferred to limit
nasal discomfort by excluding the measurement of sniff responses. The
receivers were instructed to breathe naturally and an experimenter
visually controlled that this was the case. Ultimately, heart rate data did
not reflect abnormal respiratory behavior (through respiratory sinus
arrhythmia). Between odor stimulations, a washout phase of 17 s of
clean air was applied to prevent olfactory adaptation.

Receivers performed a 9-trial, three-alternative forced choice dis-
crimination task in which the masked FBO had to be discriminated from
two masker odors. No receiver was able to significantly discriminate the
masked FBO above chance level (6 out of 9 correct responses). We
conclude that our results do not depend on perceptual differences
across odor conditions. Please refer to supplementary material A for
detailed analyses. Before debriefing, participants performed the 16-item
identification subtest of the Sniffin’ Sticks test [27,29] to assess their
odor identification skills.

2.4. Visual stimuli

In the dynamic emotion categorization task, facial expressions of
anger and happiness in three male and three female individuals from
the Karolinska Directed Emotional Faces inventory [35] were shown. In
total, 72 single categorization sequences were presented. In each single
categorization morphing sequence, a neutral facial expression (i.e., 0%
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Fig. 1. Illustration of the experimental procedure, dynamic emotion categorization task and blocks of trials with four sequences each. Upper panel: Procedure of
ratings, questionnaires, instructions and experimental tasks for receivers. Separation of groups after competition verbal instruction in competitive and non-com-
petitive groups during experimental task with odor exposure and instantaneous heart rate measurement (IHR) measurement. Middle panel: Illustration of dynamic
emotion categorization task including 18 blocks a four emotion categorization sequences parallel with 9 exposures to mFBO (masked female body odor) and 9
exposures to masker odor separated by exposures of clean air (CA). Lower panel: Illustration of one experimental block including four emotion categorization
sequences (angry or happy, picture IDs: FOIHAF, MO2ANF, MO2HAF and FO1HAF). Facial recognitions were separated by fixation crosses (1000 ms). Illustration of
odor exposure and during categorization and olfactory washout of 17 s of clean air (CA) between blocks presented with a black screen.

angry or happy) gradually changed into a happy (i.e., 100% happy) or
angry (i.e., 100% angry) facial expression. Thus, the generated inter-
mediate images were changing in 1%-steps from the neutral facial ex-
pression to the full emotional intensity with a total of 100 faces per
emotion. The maximum duration of each single morphing sequences
was 15s. The 72 categorization sequences were organized in 18 blocks
a four sequences. Only four categorization sequences were put in one
block to avoid sensory adaptation or the need for a long experimental
session. Within a block, one white fixation cross of 1000 ms was shown
on a black screen. Then, the first of four facial morphing sequences
appeared. When receivers gave their response (“angry” or “happy”) as
fast and as accurate as possible via keyboard press (left and right index
fingers on keys “z” or “m”), the facial expressions on the screen dis-
appeared and the second of four morphing sequences appeared on
screen. After the fourth morphing face of the block, the odor stimula-
tion ended and 17 s elapsed on a countdown counter screen. In each
block, one olfactory stimulation (masked FBO or masker) was presented
constantly while all four emotion categorization sequences were per-
formed. All 18 blocks of four categorizations were separated by a black
screen shown for a waiting period of 17 s (clean air).

In each block, faces gradually morphed into happy faces from a
minimum of one to a maximum of three presentations. They were
complemented with the necessary number of angry faces to reach four
presentations per trial (i.e., one happy face and three angry faces pre-
sented in randomized order). Such blocks could have included one to
three male or female faces. All combinations of men and women were
included to prevent response prediction and to include the whole
spectrum of options. For details, please refer to the original morphing
procedure [62]. Blocks were presented in a randomized order.

2.5. Experimental procedure and data analysis

Receivers were seated in a well-ventilated room with a low amount
of external stimulation. An illustration of the experimental procedure
can be found in Fig. 1. Initially, they performed a subjective competi-
tiveness rating (baseline) on a 100-pt VAS ranging from not competitive
at all to extremely competitive. They then rated male and female faces for
visual features (i.e., attractiveness, competitiveness, trustworthiness,
threat and dominance) on a 100-pt VAS to rule out facial judgment
differences later related to competition (supplementary material A).
Receivers further performed perceptual odor ratings (i.e., intensity,
pleasantness, familiarity, threat, and disgust) of the masked FBO, the
masker and clean air (supplementary material A). The receivers filled
out a questionnaire regarding their competitiveness with other women
(based on [9]).

Before the experimental trials, receivers completed state ques-
tionnaires on anxiety (state version of STICSA) and anger (state version
of STAXI, see supplementary material A).

In a between-subject design, receivers were assigned to a high or a
low competitiveness group. Two trained experimenters administered
the low and high competitiveness instructions. The instructions for the
non-competitive group informed the receivers that they needed to
identify the facial emotion emerging on the screen as fast and as ac-
curately as possible. The instructions for the competitive group in-
formed the receivers that they needed to respond faster and more ac-
curately than a group of highly competitive individuals who also
performed this same task. If they succeeded in being faster and more
accurate than the (fictional) group of highly competitive individuals,
they would be offered an additional monetary incentive (ultimately,
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Fig. 2. Competitiveness rating (M and SE) of the non-competitive (light grey)
and the competitive (dark grey) groups at baseline, after the competition in-
structions (post instructions) and at the end of the experimental task. *** marks
Bonferroni-corrected significance at p < .001.

they received the same amount of money given to the non-competitive
participants). Receivers then performed a second subjective competi-
tiveness rating (post-instructions) before starting the experimental task.
All receivers were informed that they were going to smell a low in-
tensity natural odor during the experiment. After a practice trial, the
receivers performed the dynamic emotion categorization task by in-
dicating the recognized emotion (happy or angry) via button press. The
response keys were reversed for half of the receivers in order to prevent
lateralization effects. In total, the dynamic emotion categorization task
took approximately 20 min. After finishing the task, receivers per-
formed a final subjective competitiveness rating (end of task) and filled
out the state questionnaires (anger and anxiety). Upon task completion,
receivers were administered a nine-trial, three alternative forced-choice
test to assess odor discrimination capacity and performed the olfactory
identification test. All receivers were debriefed and were paid 20 dol-
lars after accomplishment of the study. The total duration of the testing
was approximately 75 min.

Additional information concerning the heart rate measurement,
methods and dependent variables, and data analysis (e.g., outlier la-
belling) can be found in the supplementary material B. Besides
ANOVAs, linear mixed model (LMM) analyses were used where data
structure allowed it. To account for distribution skewness, the RT
analysis was performed on log-transformed RT data, as per classical
guidelines [74]. The analysis of accurate logged RTs was conducted via
a restricted maximum likelihood LMM with the fixed effects competi-
tion group, odor condition, image category (sex and emotion of the
image), and task key inversion. In dynamic emotion categorization
tasks, results associated with longer RT represent a greater amount of
information gathered to produce a response [63]. To account for the
non-independence based on multiple responses by the same subject, we
included “subject” as a random effect. Additionally, to test subtler at-
tentional hypotheses on RTs, we evaluated the ex-Gaussian distribution
parameters Mu y, Sigma o, and Tau t[5]. RT distribution analyses of
central tendency and dispersion via the parameters Mu and Sigma can
be found in the supplementary material C. Here, we focus on the
parameter Tau describing mean and standard deviation within the ex-
ponential part of the function. Tau is indicating whether the pattern of
response includes periodic excessive increases in categorization RTs.
Tau is argued to be an indicator of poor attention [25].

3. Results

3.1. Competitive women felt more competitive and made fewer mistakes in
categorizing facial expressions

To check whether competition was successfully induced in the
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competitive group, a subjective measure (i.e., competitiveness self-
rating) and an objective measure (i.e., response accuracy during the
categorization task) were analyzed. In the first hypothesis, we expected
a higher subjective competitiveness self-rating and a higher response
accuracy in the competitive vs. non-competitive group. An ANOVA
investigating the dependent variable subjective competitiveness rating
on a 100-pt VAS with the between-subject factor competition group and
the within-subject factor competitiveness rating at baseline, post in-
structions, and end of task (with violated sphericity assumptions
Mauchly's test: x2(2) = 9.050, p =.011; therefore ¢ = 0.853) was
performed. A significant main effect of competitiveness rating [Fgg
(1,83) = 14.918,p < .001, p;? = 0.233], no main effect of group [Fgg
(1,49) = 0.083, p = .775, pr]z = 0.002], and a significant interaction
[Fge (1,83) = 4.122, p = .025, py? = 0.078] was found. Then, further
inspection of pairwise comparisons confirmed that the competition
groups, as expected, did not differ in competitiveness at baseline [non-
competitive group M = 34.65, SE =5.16 vs. competitive group
M = 27.16, SE =5.26; p = .314]. Individuals of the non-competitive
group did not display rating differences neither baseline vs. post-in-
structions rating [M = 42.52, SE = 5.61] nor baseline vs. end-of-task
rating [M = 38.62, SE = 5.32] nor post-instruction vs. end-of-task
rating (all p; > .086). Compared to baseline, individuals of the com-
petitive group rated their competitive mindset as significantly greater
after the instructions [M = 49.64; SE = 5.73] and at the end of the
experiment [M = 44.96; SE = 5.43, all p; < .001; Fig. 2].

Second, the participant's objective compliance with the competition
instructions was analyzed by comparing the inaccurate responses per
group in the experimental task (i.e., dynamic emotion categorization).
The total count of inaccurate responses was higher in the non-compe-
titive group (6.73%, std. residual = 6.8) compared to the competitive
group (1.82%, std. residual = —7.0; X*> = 104.58; df = 1; p < .001),
indicating that the non-competitive group was less accurate, while the
competitive group, specifically instructed to increase performance, was
more accurate.

In summary, individuals of the competitive group expressed a
stronger subjective competition motivation. By responding more accu-
rately, they were more compliant with the induced competitive fra-
mework in contrast to individuals of the non-competitive control group.
With regards to both subjective and objective measures, the manip-
ulation was successful.

3.2. Competitive women invested more time in categorizing faces, also by
tendency for competitive women exposed to female body odor

With regards to the second hypothesis, the specific effects on RT
variance in the dynamic emotional categorization task (male and fe-
male, angry and happy faces) were analyzed. In the competitive group,
exposure to female body odor was expected to be associated with RT
differences in contrast to masker odor. The log-transformed RT analysis

Table 1

Log-transformed RTs, means (and SE), in the dynamic emotion categorization
task (values controlled for covariate task key inversion) with all image cate-
gories (faces: male angry, male happy, female angry and female happy) by
groups (non-competitive vs. competitive) and odor conditions (masked FBO vs.
masker). Graphic depiction of Table 1 can be found in supplementary material
C. Significant comparisons are flagged via asterisks in Fig. 4.

Image category Masker Masked FBO

Non-competitive Competitive =~ Non-competitive Competitive

Male angry 7.640 (0.088)
Male happy 7.429 (0.083)
Female angry 7.657 (0.087)
Female happy 7.464 (0.085)

7.735 (0.081) 7.754 (0.089)
7.354 (0.076) 7.366 (0.083)
7.701 (0.077) 7.681 (0.087)
7.571 (0.077) 7.440 (0.086)

7.907 (0.080)
7.445 (0.076)
7.823 (0.076)
7.632 (0.077)
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of accurate responses was conducted via an LMM and yielded main
effects of induced competition (non-competitive vs. competitive group,
[F(1,3319) = 55.212, p < .001]), odor exposure (masker vs. masked
FBO, [F(1, 3319)=6.625, p=.010]), and emotion [F
(1,3319) = 5.968, p = .015; Table 1], but neither for sex of the image
[F(1,3319) = 1.713, p = .191] nor statistically significant for the in-
teraction of sex and emotion of the image [F(1,3319) = 3.144,
p = .076]. Further effects and interactions outside the focus of the
specific research questions are reported in the supplementary material
C (all other interactions: p; > 0.360).

First, evaluations of overall RT revealed that the competitive group
took longer and gathered more information [M = 7.663, SE = 0.029,
95% CI (7605; 7.720)] in the dynamic task than the non-competitive
group [M = 7.496, SE = 0.032, 95% CI (7.434; 7.559], p < .001), and
thus needed more time and intensity of facial information for correct
emotion categorization (Fig. 3A). Only descriptively, gathering of facial
information to masked FBO was longer [M = 7.608, SE = 0.031, 95%
CI (7.548; 7.668)] than RTs to masker odor [M = 7.551, SE = 0.031,
95% CI (7.491; 7.611), p = .183; Fig. 3Bl.

Based on our initial hypotheses, we checked the planned contrast on
the joint effect of group and odor exposure (Fig. 3C). During masked
FBO exposure, RTs of the competitive group [M = 7.719, SE = 0.041,
95% CI (7.639; 7.800)] were longer than for the non-competitive group
[M = 7.497, SE = 0.045, 95% CI (7.409; 7.585), p < .001]. During
exposure to masker odor, RTs of the competitive group [M = 7.606,
SE = 0.042; 95% CI (7.525; 7.688)] and RTs of the non-competitive
group were not statistically different [M = 7.495, SE = 0.045, 95% CI
(7.407; 7.583), p = .069]. Without odor, sex or group effects, categor-
ization RTs to all angry faces (M = 7.720, SE = 0.031; 95% CI [7.659;
7.7801) were longer than categorization RTs to all happy faces
(M = 7.439, SE = 0.030; 95% CI [7.380; 7.499]).

Altogether, results show that competitive women process dynamic facial

p < .05 expressions more thoroughly (i.e. longer) than non-competitive women.
A non-competitive competitive Fig. 4. Log-transformed RTs (M and SE) in the dy-
masked FBO masker namic emotion categorization task. Upper panel (A)
* depicts all image categories (faces: male angry, male
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There is a similar tendency towards competitive women with female body
odor exposure to process dynamic facial expressions more thoroughly than
non-competitive women with female body odor exposure. Angry faces re-
quired longer categorization time than happy faces, irrespective of the sex of
the image. In response to the above mentioned results, an explorative
evaluation with specific focus on happy and angry emotions in female faces
and then male happy and angry faces is reported in the supplementary
material C. Graphs depicting RT with regards to group, odor, emotion, and
sex of the face can be found in Fig. 4.

3.3. Irrespective of group and odor exposure, female happy faces were
associated with the strongest lapses of attention

With regards to the third hypothesis, specific effects on RT disper-
sion were analyzed. More lapses of attention (i.e., greater tau evident in
the exponential tail of the ex-Gaussian distribution) were predicted
under female body odor exposure. Further distribution analyses (i.e.,
mu and sigma) can be found in supplementary material C.

With respect to RT dispersion via Tau (negative skewness in the
slopes), a main effect of image category [F(3,387) = 8.905,p < .001]
appeared (all other factors, including odor exposure and competition
group, ps > .161). Female happy faces [M = 724.013, SE = 41.907,
95% CI (641.625; 806.406)], were associated with the largest tau
compared to male angry faces [M = 711.359, SE = 41.705, 95% CI
(629.363; 793.355), p < .001], to female angry faces [M = 696.608,
SE = 41.502, 95% CI (615.011; 778.205), p < .001], and to male
happy faces [M = 461.776, SE = 41.907, 95% CI (379.389; 544.169),
p < .001] respectively. While the largest difference appeared between
female and male happy faces (p < .001), no differences were seen
between female and male angry faces (p > .999).

Without the influence of odor exposure or competition group, the
greatest lapses of attention were seen in female happy faces. Lapses of
attention did not occur in relation to female body odor exposure.

3.4. When exposed to female body odor, competitive women showed
stronger IHR activity

The last hypothesis foresaw resistance to cardiac deceleration in the
competitive vs. non-competitive group, particularly when exposed to

the masked body odor of other women.

Table 2
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Positive values depict higher IHR activity and negative values de-
scribe IHR decelerations (more details of the LMM analysis to be found
in supplementary material B). Results are presented in Table 2. Main
effects of sampling time at ms 0 to 6000 [F(3,3577) = 11.591,
p < .001] and odor exposure (masker vs. masked FBO) [F
(1,3577) = 8.766, p = .003] and an interaction of odor exposure x
competition group [F(1,3577) = 4.207, p = .040] appeared (all other
ps > .398). For the odor exposure at odor onset, no changes in IHR
after the first bin were seen (ms 0 to 1999) [M = —0.140, SE = 0.179,
95% CI (—0.492; 0.211) p > . 999]. Throughout the second and third
sampling bins, significant IHR reductions were found (for ms 2000 to
3999 [M = —0.716, SE = 0.179, 95% CI (—1.068; 0.365) p = .029;
and for ms 4000 to 6000 [M = —1.335, SE = 0.179, 95% CI (—1.686;
—0.984) p < .001]).

For the competitive group, IHR to masked FBO was significantly
higher compared to masker [MA = 0.897, SEA =0.258, p = .001, 95%
CI (0.391; 1.404)]. For the non-competitive group, no IHR differences
in association to masked FBO and masker were yielded [MA = 0.163,
SE = 0.248, p = .512, 95% CI (—0.324; 0.649)]. Looking at the sepa-
rate bins for the competitive group, significantly higher IHR in asso-
ciation with masked FBO for all bins [MAyg9o = 1.220, SE = 0.517,
p =.018; 95% CI (0.207; 2.233) vs. MAypoo = 1.1720, SE = 0.517,
p =.023, 95% CI (0.159; 2.184) vs. MAggoo = 1.1198, SE = 0.517,
p = .020, 95% CI (0.185; 2.211)] were yielded (Fig. 5). For the non-
competitive group across separate bins, no significant differences in
relation to both odor exposures were evident (all p; > .748).

Across both competition groups, IHR in association with the masker
odor depicted comparable IHR curves. Only in the competitive group,
masked FBO was associated with a nominal increase in IHR in the first
bin and a resistance to cardiac deceleration in the subsequent bins,
suggesting a possible greater amount of activation and focused atten-
tion in the highly competitive state and exposure to female body odor
compatible with defensive behavior.

4. Discussion
4.1. General discussion

The goal of this experiment was to determine whether women
would categorize dynamic facial expressions differently based on a

Baseline-controlled IHR (in ms, M and SE) with odor conditions (masked FBO and Masker) and competition groups averaged across bins of 2000 ms each. Significant

comparisons are flagged via asterisks in Fig. 5.

Baseline controlled IHR (ms) Non-competitive group

Competitive group
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Masked FBO Masker
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4000 —0.694 (0.351)
6000 —1.269 (0.351)
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competitive vs. non-competitive mindset, when exposed to body odors
of stranger female donors. To elucidate the mechanisms behind wo-
men's subtle transmission of competitive and chemosensory cues, we
have developed an experimental design to investigate female in-
trasexual competition and its modulations through the performance of a
dynamic emotional face categorization task under the exposure of body
odors of intrasexual competition. In line with our exploratory hy-
potheses, we reveal that:

First, a more competitive mindset (measured via competitiveness
self-rating and response accuracy to the dynamic emotion categoriza-
tion task) was observed in the competitive vs. the non-competitive
group. This manipulation check indicates that experimental induction
of competition in receivers was successful.

Second, competitive women displayed modulated emotion cate-
gorization RT. Descriptively, competitive women during exposure to
female body odor processed dynamic facial expressions more thor-
oughly (i.e. longer) than non-competitive women. Additionally, we
could associate all angry faces with longer categorization times.

Third, and in contrast to our assumptions, lapses of attention did not
occur more frequently in relation to female body odor exposure.
Instead, they were observed with female happy faces.

Fourth, women acting in a competitive framework combined with
female body odor exposure displayed resistance to cardiac deceleration
via [HR activity that can be translated into a greater amount of pressure
and focused attention typical of defensive behavior.

Although exploratory, this research provides novel information on
the subtle nature of female intrasexual communication through body
odor and competition. Our key results support the notion that si-
multaneous processing of body odors can modify emotional face cate-
gorization and IHR activity in a competitive scenario. In our study, the
key results hint towards body odor cues as a suitable method for in-
vestigating subtle modulations of female interpersonal communication
(i.e., a competitive scenario). Although, the RT results do not fully
support the assumption that female body odors modulate emotion ca-
tegorization in a competitive situation, we see a separate significant
effect of competition group (i.e., longer gathering of information) and a
descriptive tendency towards extended emotion categorization when
competitive women were exposed to female body odor. Nevertheless,
the assumption that female body odors modulate emotion categoriza-
tion in a competitive situation is supported by impaired cardiac de-
celeration in competitive women exposed to female body odor.
Although one may argue that fast detection is the superior outcome in
competition, we would like to point out that short RT are associated
with higher decision insecurity in our set-up with a dynamic task. In
contrast, longer RT equal more emotional expression and informational
grounds for correct decision making. Therefore, we argue that a longer
emotion processing is associated with more thorough attentional pro-
cessing of relevant stimuli.

Two unexpected results deserve further attention. First, we observed
longer processing latencies with angry faces vs. happy faces. This result
can be translated into a higher granted focus on the facial expression,
perhaps in virtue of its potential threatening nature. It is in line with
previous research on static faces that show that happy faces were as-
sociated with shorter processing latencies (e.g., [33], [49] for a meta-
analysis). Second, lapses of attention were associated with female
happy faces. Although not specifically targeted in our research, fre-
quent negatively skewed RT distributions might stand in association
with impaired attentional disengagement from female happy faces. This
result is in line with intrasexual competition research, finding that
women explore positive visual features in other women's faces more
thoroughly [22] and even prefer them in comparison to male faces
[54]. All in all, results from static emotional faces are very common and
not always comparable to results yielded from dynamic emotional faces
(for a comparison, see [11]).

To reinforce the idea that the present results are not dependent on
the between-subject nature of this experimental design (when it comes
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to the verbal induction of competition), the women included in the
competitive and in the non-competitive groups show similar demo-
graphics, emotional and, trait competition states. Furthermore, olfac-
tory ratings confirmed that the two applied odors showed similar in-
tensity, pleasantness, familiarity, threat, and disgust ratings across
groups.

4.2. Chemosensory and psychophysiological effects in relation to
competition in women

Based on the present results, we can suggest that - besides the in-
duction of a competitive framework, which capitalizes more on the
cognitive appraisal of potential competition - the body odor of other
women simulated competition via a sensory channel. This is not a new
idea: scientists are uncovering more and more often that the olfactory
system has evolved behavioral strategies to protect an odor receiver
from threat in various forms: Receivers tend to engage in disgust re-
action to avoid contagion when sniffing the body odor of unhealthy
individuals [50] or remain in a freeze reaction to assess an imminent
threat when sniffing the body odor of a dangerous and aggressive in-
dividual [47]. Providing more insight into the field of chemosensory
research and as a more specific account on intrasexual effects, the
present results indicate that competitive women exposed to the scent of
another female show an autonomic nervous system reaction. Stemming
from a chemosensory and emotional standpoint, this reaction could be
translated into an increase of bodily vigilance associated with a cog-
nitive freeze reaction in the emotion categorization and might be ex-
pressing the need to assess the degree of potential threat/competition in
the vicinity. This assumption appears plausible as, in a broader che-
mosignaling context, women are known to be more receptive to subtle
chemosensory signals in emotional contexts [56,59], perchance more
strongly interfering with the dominant visual information. Vice versa,
the female body odor is able to induce a chemosensory judgment effect
towards a facilitated perception of feminine features in social and
emotional tasks [46].

In our study, masking of the odors and using a dynamic facial ca-
tegorization paradigm allowed us to test the effect of female body odors
on competition in a more ecological context than previously tested.
With respect to the masking of female body odor, this study provided an
innovative method and stands out in comparison to other body odor
studies. Common olfactory control conditions, within the research of
female donors and receivers, have not been implemented by using an
olfactory masker but by using a contrast of different body odor condi-
tions, e.g., female body odor issuing from different menstrual cycle
phases ([21,30,43]). Although one may argue that incorporation of a
fragrance might lead to a potential confound, this would, however and
if anything, be included as a standard error common to both mea-
surements. It is not to omit that body odor masking represents a more
ecological approach, given real-life experiences where body odors are
most commonly minimized by the use of other fragrances. Most prac-
tically, we have not found any effects of our masker odor. This setup
does not claim to fully elucidate whether applications of other human
body odors are able to produce further distinguishable effects (e.g.,
intersexual effects of male body odor), but it sheds light on the majorly
under-investigated field of body odor contributions in purely female
social interactions.

Female participants were particularly suitable for this specific study
of psychophysiological processes of competition for several reasons:
First, they were sufficiently sensitive to contextual odor cues in a non-
hypothetical competitive context (supporting research ambitions pre-
sented by [76]). Second, they were seen to have stronger cardiovascular
responses to an induced competitive motivation (in accordance with
[73]1). Third, under our most critical condition, a competitive frame-
work coupled with female body odor, women displayed the strongest
somatic responses: Comparable cardiac reactions were associated with
the anticipatory stress of making a critical decision in the Iowa
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Gambling Task study [45]. The researchers found higher HR activity to
be linked to the negative emotional valence of a behavior. In the pre-
sent study, the nominally increased HR - strongest after imminent odor
onset and stable in magnitude over the course of time - might be in-
terpreted as a somatic marker of competition that validates our ex-
perimental manipulation. Importantly, competition-related responses
were also seen boldly modified by high trait anxiety, similar to results
reported in a physical performance competition [23], which points to
the question of whether sensitivity to cognitive and chemosensory in-
trasexual competition might be further characterized by a receiver's
anxiety level.

5. Limitations

Although the study was meticulously designed, some methodolo-
gical aspects represent an opportunity for improvement in future stu-
dies. While the hormonal contraception intake was kept controlled for
the receivers, future studies could specifically investigate possible ef-
fects in relation to the menstrual cycle phase of the receivers [18].
Human body odor communication, though, is not a prerogative of in-
tersex interactions. Indeed, akin to men, women might also detect the
odor cues to the menstrual cycle phase of another woman via body
odor: Even in a small group of female raters, a tendency for the pre-
ference to the body odor of ovulating women [30] was seen and sug-
gests that women can detect the reproductive status of other women via
body odors. In contrast, the body odor of ovulating women was asso-
ciated with higher testosterone levels in female raters, although without
rating effects [40]. The physical presence of experimenters during
testing can be considered as olfactory noise, although controlled across
conditions.

Second, due to the study's explorative nature, our donation sample
consisted of a rather small number of donors and our receivers were
chosen upon strict inclusion criteria. With all receivers being exposed to
the supra-donor stimuli, we minimized the effects of interpersonal
differences in the presentation of body odors. Specifically, small groups
of donors combined with long collection periods have the advantage of
keeping the chemosensory signals rather stable over time by reducing
inter-subject variability. We cannot fully exclude that unidentified
idiosyncrasies related to some of the female donors or that the com-
parison of our receivers' sample with typical (student) populations
might hinder generalizability of the presented data. Larger samples of
donors are nevertheless warranted to confirm the present results and to
further explore the influence of competitiveness communicated from
female senders, e.g., by additionally separating the donors in a high and
low competitiveness group. Third, the incorporation of the oakmoss
fragrance as a possible confound (see above) has been carefully con-
trolled by recruiting donors and receivers that were not expected to be
familiar with each other and by applying the oakmoss masker on the
clean pad (not on the body odor pad). In the data, odor rating results
confirm that indeed no intensity, pleasantness and familiarity issues
were retrieved.

Furthermore, some statistical limitations deserve heightened atten-
tion. Despite a reasonable length of the dynamic emotion categorization
task (approx. 20 min), similarly to other task durations [63], and the
fact that we randomized item presentation, we cannot fully exclude the
possibility that fatigue or improved performance through learning
might have affected RT. Statistically, modeled time-on-task effects
constitute an elegant way to rule out such concern but were not pro-
jected in the construction of our data acquisition at the time of ex-
perimental set up and we did not proceed to this analysis for fear of
incurring in power issues.

One strategy to analyze RT data has been to approach them as ex-
gaussian distributions. This method has the advantage of letting to
emerge, via the analysis of the parameter tau (the exponential tail of the
distribution) potential lapses of attention, as classically revealed when
analyzing the performance of individuals with ADHD. In ADHD
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patients, the tau parameter was seen qualitatively different compared to
healthy patients and was interpreted as an unreliable effort control
mechanism during information processing explicitly expressed with
attentional lapses [34]. Other models used to analyze RT distributions,
such as drift diffusion models, provide a more holistic approach to
cognitive information processing (e.g., including the motor responses,
tracking of the accumulation of the information and the choice made;
[42]). Considering that the present design was not optimized for the
amount of information needed by drift diffusion models to converge
(i.e., hundreds of trials per condition), we chose tau as the parameter of
choice to reflect odor-dependent attentional changes, even if embedded
in a less sophisticated model with regards to the statistical null results
and claims to absence of effects, the use of Bayesian statistics can help
further understand the strength of the findings highlighted, particularly
since it provides a more robust method to prevent false positives find-
ings. Especially with regards to RT-related hypotheses analyzed via
LMMs, those methods might support the detection of possibly spurious
results, which in the current analyses are significant but close to the
.050 significance cut-off. We would like to encourage further research
with expertise in Bayesian methods to fill this gap.

By exploring a fairly under-investigated field of female-female
competitive behavior in combination with one of our most archaic
senses, the present study sheds light on the emergence of subtle hints of
rivalry and competition in social situations. Women's body odors -
implicitly suggesting the presence of another female - might, when
presented in a competition-inducing context, be associated with
modulated effects of emotional face detection and autonomic nervous
processing. This being a study on intrasexual effects, it remains to
elucidate whether dynamic emotion categorization is modified differ-
ently by the olfactory presence of a male odor source, and as an ex-
cellent opportunity for research in the role of social body odors in an
intersexual competitive mating context.
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