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Abstract

In a double-blind experiment, participants were exposed to facial images of anger, disgust, fear,
and neutral expressions under 2 body odor conditions: fear and neutral sweat. They had to indi-
cate the valence of the gradually emerging facial image. Two alternative hypotheses were tested,
namely a “general negative evaluative state” hypothesis and a “discrete emotion” hypothesis.
These hypotheses suggest 2 distinctive data patterns for muscle activation and classification speed
of facial expressions. The pattern of results that would support a “discrete emotions perspective”
would be expected to reveal significantly increased activity in the medial frontalis (eyebrow raiser)
and corrugator supercilii (frown) muscles associated with fear, and significantly decreased reac-
tion times (RTs) to “only” fear faces in the fear odor condition. Conversely, a pattern of results char-
acterized by only a significantly increased corrugator supercilii activity together with decreased
RTs for fear, disgust, and anger faces in the fear odor condition would support an interpretation
in line with a general negative evaluative state perspective. The data support the discrete emotion
account for facial affect perception primed with fear odor.This study provides a first demonstration
of perception of discrete negative facial expressions using olfactory priming.
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Introduction underestimated. As Pause (2012) pointed out, human body odors
We use multiple senses to navigate the social world. Among these, (Che@osignals) constitute a specia.l class of §timuli, as they can be
our sense of smell has an important social communicative function effectlve m d'ar'kne'ss and ac'ross diverse bafflefS, and can be Poten—
(Semin and de Groot 2013), given that it can pick up a rich range tially transmitting information over longer distances as a function of
of information contained in human odors produced by our apo-
crine, and to some extent, eccrine sweat glands and areola (Doucet
et al. 2012). Human body odors (chemosignals) transmit informa-
tion about gender (Penn et al. 2007), age (Mitro et al. 2012), health

status (Olsson et al. 2014), and transient emotional states (e.g., de

their volatility, with low-volatile molecules remaining at the position
of their release over longer periods of time and retaining information
about events in the past (Gaby and Zayas 2017).

Recent research has highlighted the significance of human che-
mosignals in conveying emotions to recipients (e.g., de Groot et al.

Groot et al. 2012), among others. Despite the remarkable sensitiv- 2012). It is well known that emotional facial expressions play a

ity of human olfaction and the wealth of information transmitted
by human chemosignals, the field of human chemosignals remains

crucial role in human communication. Although auditory-visual
integration of emotional stimuli has been studied widely, emotional
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chemosensory modulation of the perception of facial emotions is not
even acknowledged, as the most recent review of emotion perception
shows (Schirmer and Adolphs 2017). Effective interpersonal com-
munication requires, among other things, the identification of oth-
ers’ facial expressions. However, perception of facial expressions is
based on not only visual cues but also contextual information from
different channels (Stein and Stanford 2008). One such important
subliminal source of contextual information is common odors (not
human body odors) that may influence the way we perceive emo-
tions in faces (Leppanen and Hietanen 2003; Seubert et al. 2010;
Zernecke et al. 2011; Leleu et al. 2015a, 2015b). In a study with
human body odors, participants were primed with a happy face and
were asked to evaluate neutral faces in the context of anxiety versus
non-anxiety chemosignals (Pause et al. 2004). The results showed
that the influence of priming with happy faces declined in the context
of anxiety chemosignals in the case of females. Another study dem-
onstrated that exposure to underarm odor from fearful individuals
led ambiguous faces to being evaluated as fearful rather than happy
(Zhou and Chen 2009). Thus, fear odor influenced receivers to per-
ceive ambiguous faces as fearful. However, the nature of individuals’
affective processing when influenced by body odors produced under
emotional conditions has not been investigated.

This research aims to shed light on which of 2 current models
best accounts for emotional processing, namely: 1) a discrete emo-
tion approach or 2) a dimensional emotion approach (e.g., Barrett
1998). The outcome of this research will also shed light on the chem-
ical properties of the body odor. If the former approach is supported,
then it would mean that fear chemosignals have a distinctive fin-
gerprint. If, however, the second model is supported, then it would
mean that fear chemosignals induce a general state and do not have
chemical properties distinctive to fear.

The first model suggests that individuals experience emotions
such as fear as a distinct state with discrete boundaries. Closely
related with the evolutionary view, each discrete emotion is regarded
as the result of a unique individual-environment interaction that
evolved with its own adaptive significance to deal with related life
problems such as competition (anger), danger (fear), or cooper-
ation (happiness) (Ekman 1992; Izard 1992; Darwin 1872/1998).
The evidence for discrete emotion approach comes from emotional
communication research, suggesting facial expressions are univer-
sally expressed and recognized (Ekman 1992, 1994). Each emo-
tion is also thought to have distinct physiological patterns created
on the basis of environmental demands. Evidence for physiological
differences between discrete emotions derives from specific brain
substrates associated with discrete emotions (e.g., Phan et al. 2002;
Murphy et al. 2003) as well as autonomic discriminability of some
discrete emotions (Levenson et al. 1990; Levenson 1992; Christie
and Friedman 2004).

The second, dimensional, approach focuses on subjective feel-
ing states and a small number of underlying dimensions that may
account for the differences between emotional states. The prominent
model is a 2D model that proposes activation and valence as the
dimensions (e.g., Russell 1980; Larsen and Diener 1992). Although
the activation dimension ranges from sleep to excitement referring to
a subjective sense of energy (e.g., Russell and Barrett 1999; Barrett
2006a, 2006b), the valence dimension refers to general feelings of
valence (undifferentiated evaluative process) ranging between 2
poles, namely negative to positive or unpleasant to pleasant (Barrett
2006a). In this approach, functionally, negative and positive emo-
tions are assumed to transmit information about whether an engaged
behavior is going well or poorly (e.g., Carver 2001).

We aim to contrast these 2 models, namely the one predict-
ing a “discrete” emotional state and the other predicting a general
valence-based “evaluation” process in a novel emotional face pro-
cessing paradigm by inducing a simulacrum of an emotional state
with olfactory stimuli.

The present study

This study used olfactory priming to differentiate whether emotional
face perception is driven by discrete emotional states (fear) or general
evaluation (negative) using a novel facial recognition task. By relying
on chemosignals as a prime rather than any linguistically composed
instruction or manipulation (e.g., categorization; Barrett 2006b), we
avoided the potential interference of language-driven processes. The
experiment constitutes a unique paradigm that bypasses a signifi-
cant handicap that may be introduced by procedures that involve
language.

The experiment was designed to test between the 2 alternative
hypotheses by using sweat samples collected from donors subjected
to fear and neutral induction conditions. In the recipient phase of
the experiment, participants were exposed to facial images of anger,
disgust, fear, and a neutral face while they were exposed to fear or
neutral sweat collected from the donors. Each facial stimulus was
presented such that it changed gradually from a blurred image to a
clear one and participants’ task was to indicate if the facial image
was a neutral one or a negative one, as soon as they could identify
it. One of the 2 predictions was if fear odor induces a “general nega-
tive evaluative state,” then all negative facial images (anger, disgust,
and fear) should be processed equally fast in the fear odor condi-
tion. Moreover, the negative facial images were hypothesized to be
processed faster in the fear odor condition, compared to the neutral
body odor condition. The alternative prediction was if the fear odor
induces a “discrete fear state,” then only the facial images of fear
should be processed faster in the fear odor condition.

Furthermore, according to the discrete fear state approach, one
would expect that the fear odor would induce a distinctive activation
pattern of facial muscles (i.e., medial frontalis) that is specific for
the emotion of fear (see Susskind et al. 2008; de Groot et al. 2012).
Facial expressions are known to facilitate emotion recognition and
to promote a discrete and adaptive physical form of sensory gating
(Farb et al. 2013). Specifically, lifting the eyebrow (i.e., medial fron-
talis activity) activated in fear states causes an increase in visual field
size and serves the adaptive scanning of the environment for threat
(Susskind et al. 2008). Conversely, according to the general negative
evaluative state approach, fear odor would activate a general nega-
tive affect represented by only a frown (i.e., corrugator supercilii
activity) (e.g., Hess and Fischer 2013). These considerations led to
the second objective of the reported study. Do participants display
the distinctive facial expression of fear when exposed to fear odor
as the discrete fear state approach (medial frontalis, and the usually
coactivated corrugator supercilii) would predict (in multiple stud-
ies, fear odor not only induced a medial frontalis response but also
coactivated the corrugator supercilii muscle [de Groot et al. 2014a,
2014b, 2015b])?

To summarize, the 2 hypotheses, “discrete emotion” versus gen-
eral negative evaluative state approach, suggest 2 distinctive data
patterns for muscle activation and classification speed of facial
expressions. The pattern of results that would support a discrete
emotions perspective would be expected to reveal significantly
increased activity in the medial frontalis and corrugator supercilii
muscles associated with significantly decreased reaction times (RTs)
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to fear faces exclusively in the fear odor condition. Conversely, a
pattern of results characterized by a significantly increased corru-
gator supercilii activity only together with no difference in RTs for
fear, disgust, and anger faces in the fear odor condition and a faster
classification of the negative faces in the fear condition compared to
the neutral condition would support an interpretation in line with a
general negative evaluative state perspective. Any results in-between
these 2 patterns would be inconclusive.

The resulting experiment was a within-participants 2 Odor Type
(fear and neutral) x 4 Emotional Face Image (fear, anger, disgust, and
neutral) design and was preregistered (https://osf.io/b932h/).

Materials and methods

Ethics statement

The study was approved by the Institutional Review Board of
Utrecht University, Utrecht, the Netherlands. All participants pro-
vided written informed consent before participation and were free to
stop at any point in time during the experiment.

Participants

Twenty-four right-handed Caucasian females (M, = 22.21,
SD,,. = 2.57, range = 19-28 years old) participated in the experi-
ment as odor receivers. Sample size (N = 24) was predetermined by
a power analysis (G*Power 3.1; Faul et al. 2007) for ANOVA, given
f=0.25, power = 0.8, o. = 0.05. Effect size (f = 0.25) was transformed
from 1?(0.06) that is obtained from similar research on the fear-
related olfactory modulation of visual perception (Zhou and Chen
2009; de Groot et al. 2015b; cf. a recent meta-analysis corroborating
the chosen effect size, de Groot and Smeets 2017). As in previous
research (e.g., Zhou and Chen 2009; de Groot et al. 2015b), only
females were recruited because they are more sensitive to emotional
signals (Brody and Hall 2000) and have a better sense of smell than
men (Brand and Millot 2001). After filling out a detailed screening
questionnaire, individuals were included if they were right-handed,
heterosexual, nonsmoker, nonpregnant, and healthy, with no history
of psychological or neurological disorder. They could not be included
if they had a respiratory disease or any other condition (such as ill-
ness, cold, or allergy) that could affect olfactory functioning.

To establish normal olfactory function (normosmia), participants
had to identify 3 odors: cinnamon, fish odor, and banana (Lotsch
et al. 2016). All participants were able to name at least 1 of the 3
items. Cinnamon, the best assessor of normosmia (Lotsch et al. 2016),
was identified correctly by 18 participants, whereas the remaining 6
provided similar names (e.g., herb, plant). Ten participants were on
hormone contraceptives. The remainder were on average 12.09 days
(standard deviation [SD] = 8.40) from day 1 of their menstrual cycle.
Hormone contraceptives that might have a potential effect on the

odor perception of women (Kollndorfer et al. 2016) did not influ-
ence participants’ ratings on intensity (#(22) = 0.15, P = 0.882) or
pleasantness (#(22) = 0.39, P = 0.700) of sweat pads collected in
the fear condition as well as intensity (#(22) = -0.353, P = 0.728)
or pleasantness (#(11.832) = 1.627, P = 0.130) of sweat pads col-
lected under neutral condition. Participants were paid €8 for their
participation.

Materials and procedure

Selection of emotional facial pictures

Grayscale versions of 6 female and 6 male actors’ facial images from
the Radboud Faces Database (Langner et al. 2010) were selected as
visual stimuli for fear, disgust, anger, and the neutral emotion condi-
tion. To avoid a confound of emotional intensity of facial images (i.e.,
level of negativity depicted in negative facial images), in a pilot study,
each participant (N = 15) rated the negativity of the facial images on
a 7-point scale ranging from “not at all negative” to “extremely nega-
tive” (see Supplementary material). Emotional facial images were pre-
sented in a randomized order. Three female and 3 male facial images
with highest negativity ratings for fear, disgust, and anger were
selected, respectively (see Supplementary material available online).

Presentation of visual stimuli

The selected facial images were blurred with a Gaussian filter using
MATLAB, Release 14 (MathWorks). A continuum of 30 images was
generated for each actor’s emotional facial image using a blurring
technique with 2 SD increments from 0 SD to 58 SD. Each con-
tinuum of a facial image was viewed by participants as changing
from completely noisy to clear and presented over a period of
5000 ms (Figure 1). Visual stimulus presentation and data collec-
tion were controlled by a computer running PsychoPy (Peirce 2007).
Emotional facial images were centered on the screen. Colored key-
board buttons were placed in front of the participants to collect their
behavioral responses. Response keys were “g” and “h” on the com-
puter keyboard that were colored with green and blue stickers.

Preparation of olfactory stimuli

Sweat pads from individuals induced to be in a fearful and neutral
state served as olfactory stimuli. The sweat pads came from 6 (from a
total sample of 12) donors for whom the fear induction procedure was
most effective, evidenced by the highest fear ratings and the greatest
sweat production (for details, see Supplementary material). The same
procedure was followed for the selection of neutral sweat pads.

Each “original” sweat pad (100 cm?) was cut into 8 pieces
(12.5 cm?), and each receiver was presented with a polypropylene
jar containing 4 pad pieces from 4 individuals to decrease individual
variability in sweat production. The 4 pad parts were from the left
(2 parts) and right (2 parts) armpits.

Figure 1. Facial images were constructed as a continuum of 30 images that gradually became clearer over time. The stimuli were displayed for a duration of

5000 ms following a fixation point for 5000 ms.
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Experimental procedure

The experiment was conducted in a stand-alone manner by a female
experimenter to avoid changes in female participants’ mood in the
presence of a male experimenter (Jacob et al. 2001). Each partici-
pant received a new vial, 100 mL (60 x 71 mm) polypropylene
jar (Greiner Bio-One), containing the olfactory stimuli that were
defrosted 30 min before odor exposure. Each vial was marked by a
code conceived by a researcher who was not involved in the experi-
ment. The experiment was a double-blind study, where participants
and experimenters did not know which vial contained which odor.

On arrival at the laboratory, participants were informed about
the general experimental procedure, namely that she would be per-
forming tasks on a computer and some physiological measurements
of facial activity would be recorded. Electrode placement for the
facial electromyographic (EMG) measurements took place in a prep-
aration room. The experimenter cleaned the skin on the left side of
participant’s face (i.e., involved most strongly in spontaneous affect-
ive reactions in right-handed individuals, see Dimberg and Petterson
2000) with alcohol and abrasive lotion (LemonPrep; Mavidon) and
applied the electrodes over medial frontalis and corrugator supercilii
muscles, known to be associated with the experience of fear, to meas-
ure EMG activity (e.g., Ekman and Friesen 1978; van Boxtel 2010;
Kret et al. 2013; Du et al. 2014). The electrode placement followed
the guidelines provided by Fridlund and Cacioppo (1986).

Each participant was led to a quiet individual cubicle and was
asked to take a seat on an adjustable chair. Before starting, she
was asked to place her head on a chin rest. The dual purpose of
the chin rest was to stabilize participants’ heads and to ensure that
their noses were at a constant distance (2 cm) from the odor, which
was achieved by placing the odor-containing vial into an adjustable
clamp that was attached to the right arm of the chin rest. The pro-
cedure included 2 identical sessions, each consisting of a practice
and a test trial except for the order of the vials containing the fear
or neutral odor, which was counterbalanced. The experimenter first
placed the appropriate vial, without opening the lid, in the chin rest.
The first session started with the practice trials during which the
lid of the vial was still closed. Each test trial started with a fixation
cross appearing in the middle of the screen for 5000 ms. After the
practice trials, participants wore a noseclip to prevent preliminary
sniffs. The lid of the vial was opened and the noseclip was removed
with the start of the test trials. That exact time point was also used
as a marker in the online registration of EMG data marking the start
of test trials. In each session, the emotion recognition task consisted
of 12 practice trials and 72 test trials. During the test trials, 36 facial
images expressing negative emotions (12 for each emotion category)
and 36 neutral faces were presented. The chance recognition for
each facial image (negative vs. neutral) was 50%, so that response
habituation was minimized. The participants had 2 colored buttons
on the keyboard in front of them. They were instructed to press the
assigned buttons on the keyboard to indicate if the facial image was
negative or neutral as soon as they could clearly identify the image
and to do so as accurately and quickly as possible. The order of the
button labels (negative or neutral), the starting order of the respond-
ing hand (left or right), and the order of the odor manipulation (fear
or neutral) were counterbalanced between participants.

After the first session was completed, the second vial was pre-
sented after a washout period of at least 5 min. The experimenter
changed the vial and the above procedure was followed for the next
odor exposure session. After the experiment, participants first com-
pleted a 10-item handedness scale examining which hand they use
for a range of activities in everyday life (Van Strien 1992) to control

possible effect of handedness on the EMG data. All the participants
were right-handed (M = 17.54, SD = 3.06). They were also asked to
evaluate hedonic value (pleasantness) and the intensity of the sweat
samples they were exposed to during the experiment on 7-point
Likert scales, the ends of which were anchored with “not at all” and
“very much” as odor assessment.

Then, on 4 trials they performed a 2-alternative forced choice
reminder task (de Groot et al. 2014a) to evaluate their ability to
discriminate between sweat collected from donors in the fearful
and neutral conditions. During the task, a reminder odor stimulus
was presented first and then participants indicated which of 2 odor
stimuli (presented 2nd or 3rd) corresponded to the reminder odor on
4 trials. Finally, participants wrote down what they smelled during
the experiment and the purpose of the experiment in an open-ended
manner as awareness check. Five participants identified the olfactory
stimulus as sweat; yet none of the participants guessed correctly the
purpose of the study. The pleasantness ratings of fear sweat pads
did not differ between participants who identified sweat and who
did not (#22) = 0.279, P = 0.783). There was also no difference
between identifiers and nonidentifiers in the case of neutral sweat
pads (#(22) = 1.057, P = 0.302).

Statistical analysis

Before actual data analysis, EMG and RT data were checked for
outliers that were identified as values exceeding 2.5 median abso-
lute deviation (MAD) units (Leys et al. 2013). When outliers were
revealed (e.g., 2.8% of the RT data), then these values were altered
to be 1 unit above the next extreme score on that variable according
to Field (2009). EMG data were removed in the case of 5 partici-
pants. This was because for specific individuals and specific muscles
there were too many missing data (>75%, per participant) on the
medial frontalis (participants 2 and 9) and the corrugator supercilii
(participants 9, 12, and 19).

RT data analysis was based on correct responses only. Responses
were scored as correct if a participant pressed the negative button
for the angry, fear, and disgust face or the neutral button for neu-
tral faces. Percentage of correct responses for each emotional facial
expression and odor condition is given in Table 1. EMG data ana-
lysis relied on the baseline-corrected facial muscle activity. The base-
line was selected as 0-600 ms after the removal of the noseclip as a
typical first sniff starts after approximately 400 ms (Sela and Sobel
2010). Baseline-corrected medial frontalis and corrugator supercilii
activity was calculated as baseline (0-600 ms) subtracted from mean
activity of the corresponding muscle. EMG activity was measured in
200-ms intervals, but to ease the interpretation of the expected odor
x time interaction, five 200-ms intervals were averaged (4 times) to
create 1-s post-baseline average EMG activity.

Results

Facial emotion categorization task
Means and SDs of RTs for each emotional facial expression and
odor condition are given in Table 2. A 2 x 4 odor condition (fear and

Table 1. Percentage of correct responses per condition

Fearful Angry Disgusted Neutral

faces faces faces faces
Fear odor 93.40 89.93 98.61 95.37
Neutral odor 93.06 89.58 98.96 96.18
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Table 2. Mean RTs (ms) and SDs for the fearful, angry, disgusted, and neutral facial expressions in fear and neutral odor conditions
Fearful faces Angry faces Disgusted faces Neutral faces
Mean SD Mean SD Mean SD Mean SD
Fear odor 4.16 0.30 4.53 0.24 4.13 0.25 4.51 0.22
Neutral odor 4.20 0.26 4.52 0.18 4.11 0.22 4.48 0.21

neutral) x emotional face image (anger, fear, disgust, and neutral)
repeated measures ANOVA was conducted to compare effects of
odor condition and emotional face image on RT data. Although the
main effect of odor condition was not significant (F(1, 23) = 0.03,
P = 0.860, n? = 0.00), a main effect of emotional face image
(F(3, 69) = 182.88, P < 0.001, npz = 0.89) on RT was found. The
results revealed that angry faces (M = 4.53, SD = 0.19) were
responded to significantly slower than fearful (M = 4.18, SD = 0.26;
P < 0.001) and disgusted faces (M = 4.13, SD = 0.22; P < 0.001).
Fearful and disgusted faces were responded significantly differ-
ently from each other (P < 0.05) as well as neutral faces (M = 4.50,
SD =0.20; P < 0.001; P < 0.001).

Notably, the main effects were qualified by a significant inter-
action between odor condition and emotional face images (F(3, 69)
=3.54,P =0.019,7,” = 0.13). We tested 2 specific interaction hypoth-
eses using planned contrasts: According to the first hypothesis, only
“fearful faces” would be responded faster in the fear odor condition
(vs. neutral odor) compared to angry and disgusted faces. For this
specific hypothesis, first, the RT differences were calculated for each
of the negative facial image conditions (angry, disgusted, or fearful)
by subtracting RT scores under neutral odor condition from fear
odor condition, respectively. Then fear difference scores were com-
pared with angry and disgusted faces’ difference scores. Planned con-
trasts revealed that participants were faster in classifying fear facial
images in the fear odor versus neutral odor condition compared
to angry and disgusted facial images (F(1, 23) = 7.73, P = 0.011;
Figure 2). In fact, specific contrast analyses showed that fear faces
were processed significantly faster than disgust faces (F(1,23) = 8.14,
P =0.009); anger faces (F(1,23) = 4.43, P = 0.046); and neutral faces
(F(1,23) = 6.98, P = 0.015). There were no differences in the process-
ing time required by disgust, anger, and neutral faces. Hence, the first
hypothesis was supported.

The second hypothesis proposes that “all the negative facial
images” will be responded faster in fear odor condition (vs. neutral
odor) compared to neutral facial images. RT difference scores for
neutral facial images for both fear and neutral odor conditions were
calculated in addition to the difference scores for each of the 3 nega-
tive facial images that were calculated previously. Then, difference
scores of negative facial images were compared with neutral faces’
difference scores. Planned contrasts showed that participants did not
differ in classifying negative facial images in the fear odor versus
neutral odor condition compared to neutral images (F(1,23) = 0.03,
P =0.860). Thus, the second hypothesis was not supported.

Facial EMG

Right before the start of the emotion categorization task, we examined
facial EMG activity to test whether receivers displayed an embodied
simulacrum of the fearful experience of the sender. In line with pre-
vious research showing emotion correspondence shortly after a first
(exploratory) sniff (de Groot et al. 2012, 2014a, 2014b, 2015b), we
expected a fearful expression (medial frontalis and corrugator super-
cilii activity) to emerge within a few seconds after first exposure.
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Figure 2. RT difference scores (i.e., RT fear odor condition minus RT neu-
tral odor condition) while participants’ classified negative and neutral facial
images. Negative values mean faster responding to facial images when
primed with fear odor. Error bars: £1 SE

Concerning medial frontalis activity (eyebrow lifting muscle), a
2 x 4 repeated measures ANOVA with odor (2 levels: fear and neu-
tral) and time (4 levels: 0-1, 1-2, 2-3, and 3-4 s) as within-subjects
levels yielded a significant main effect of odor (F(1, 21) = 12.28,
P = 0.002, Hedges’ g = 0.53, 95% CI [0.17-0.88]) and time (F(3,
63) =4.02, P = 0.011). These main effects were qualified by a signifi-
cant interaction between odor and time (F(3, 63) = 5.72, P = 0.002;
Figure 3A). Planned contrasts revealed no significant differences
between fear odor (M = 0.22 pV, SD = 0.17 pV) and neutral odor
(M =0.23 pV, SD = 0.27 uV) in the first second post-baseline (F < 1,
P = 0.827); yet, fear odor evoked greater medial frontalis activ-
ity than neutral odor on second two, F(1, 21) = 14.14, P = 0.001,
g =0.64,95% CI [0.25-1.02] (fear: M = 0.48, SD = 0.42; neutral:
M = 0.23, SD = 0.32); second three, F(1, 21) = 12.38, P = 0.002,
¢ =0.63,95% CI [0.23-1.04] (fear: M = 0.47, SD = 0.42; neutral:
M =0.22,SD = 0.31); and second four post-baseline, F(1,21) = 6.91,
P=0.016,g = 0.51,95% CI [0.09-0.93] (fear: M = 0.34, SD = 0.36;
neutral: M = 0.16, SD = 0.32).

Another 2 x 4 repeated measures ANOVA on mean corrugator
supercilii activity (frowning muscle) revealed a significant main effect
of time, F(3, 60) = 4.88, P = 0.004, but not of odor, F(1, 20) = 2.02,
P=0.170,g=0.26,95% CI [-0.11 to 0.63]. Again, the main effects
were qualified by a significant interaction between odor and time,
F(3, 60) = 4.67, P = 0.008 (Huynh-Feldt correction of degrees of
freedom) (Figure 3B). Planned contrasts revealed a significant differ-
ence in corrugator supercilii activity in the fear versus neutral con-
dition on second two, F(1,20) = 6.20, P = 0.022, g = 0.57, 95% CI
[0.07-1.06] (fear: M = 1.12 uV, SD = 1.05 pV; neutral: M = 0.58 pV,
SD = 0.74 pV), whereas no such differences were encountered on
second one, F < 1, P = 0.602 (fear: M = 0.48, SD = 0.58; neutral:
M =0.57,SD = 0.79); second three, F(1, 20) = 3.60, P = 0.072 (fear:
M = 1.15, SD = 0.95; neutral: M = 0.81, SD = 0.83); and second
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Figure 3. Baseline subtracted facial EMG activity indicative of fear as a function of body odor condition (fear and neutral) and time (04 s). Error bars = +1 SE.
(A) Mean increase in medial frontalis activity (eyebrow lifting muscle). (B) Mean increase in corrugator supercilii activity (frowning muscle)

four, F< 1, P = 0.959 (fear: M = 0.82, SD = 0.87; neutral: M = 0.81,
SD = 1.05).

Hence, these results are consistent with a line of research (de
Groot et al. 2012, 2014a, 2014b, 2015a, 2015b) documenting a
gradual increase in medial frontalis muscle activity following expos-
ure to fear odor. The pattern of results on the corrugator muscle was
less clear, as during fear odor exposure a frown appeared only briefly
(second two).

Odor assessment and discrimination

In addition, a repeated measures ANOVA was conducted to inves-
tigate whether fear and neutral odors were perceived differently in
intensity and pleasantness. Results showed that fear odor (M = 2.96,
SD = 1.57) was perceived as significantly more intense compared
to neutral odor (M = 2.38, SD = 1.44), F(1, 23) = 4.97, P = 0.036,
whereas the neutral odor (M = 3.63, SD = 1.02) and fear odor
(M =3.29,SD = 0.95) did not differ in pleasantness, F(1,23) = 3.54,
P =0.073.

To examine if the differences in the intensity ratings of fear and
neutral odor affected the results, we performed an analysis with
intensity and pleasantness as covariates. We calculated the intensity
and pleasantness difference scores (participants’ ratings of fear odor
minus neutral odor) and performed repeated measures ANCOVAs
on the RT data and facial muscle effects.

When both pleasantness and intensity were added as covariates
to the RT analysis, the odor x time interaction remained significant
(F(3,63) = 3.18, P = 0.030). When only intensity was entered, the odor
x time interaction remained significant not only in the case of inten-
sity (F(3,66) = 3.47, P = 0.021) but also in the case of pleasantness
(F(3,66) = 3.09, P = 0.033). The discrete emotion contrasts for RT
reported earlier also remained significant when both covariates were
entered. Thus, when both pleasantness and intensity were entered
(F(1,21) = 5.06, P = 0.035), as well as when intensity alone was entered
(F(1,22) = 6.02, P = 0.023), or pleasantness alone (F(1,22) = 5.79,
P =0.025), the discreet RT contrasts for emotions remained.

The same analyses were conducted for facial muscle effects as
can be seen in Table 3. As can be seen from the values presented in
Table 1, the pattern of the results remained the same after the poten-
tial effects of pleasantness and intensity were entered individually
or jointly.

Finally, we found that participants could not discriminate fear
and neutral sweat pads as revealed by a binomial test (proportion
under the null hypothesis = 0.125, P = 0.816).

General discussion

We examined whether human body odors produced under fear and
neutral conditions induce a general negative evaluative state or a
discrete fear state in a novel facial expression of emotion recogni-
tion paradigm. In an experiment, in which participants were exposed
to facial images of anger, disgust, fear, and neutrality that change
gradually from completely noisy images to fully clear images, the
participants task was to stop the gradually emerging image once they
thought that they could identify whether the facial image was nega-
tive or not. The facial images were presented under 2 odor condi-
tions, namely fear or neutral. It was hypothesized that if the fear
odor induces a general negative evaluative state then all negative
facial images would be identified faster compared to the neutral odor
condition. Alternatively, only fear facial images would be responded
to earlier if the fear odor induces a discrete fear state.

Our results support “categorical” effects in the perception of nega-
tive facial images under fear odor. First, EMG measurement taken dur-
ing initial odor exposure showed that the fear odor activated the facial
muscle specific to fear, medial frontalis, compared to neutral odor.
Second, participants recognized fearful faces faster in the fear odor
condition compared to the neutral odor condition. Notably, there was
no such difference for the other negative facial images. These findings
are consistent with the discrete emotional approach. The results sug-
gest that a valence-based dimensional approach does not do justice
to the way facial images are processed when fear chemosignals are
present. Our data suggest that priming with a “fear” chemosignal in
an emotional face identification task facilitates processing the facial
expression consistent with the chemosignal rather than “any” nega-
tive expression. The significance of the experimental paradigm is that
it relies on chemosignals, thus inducing a process that bypasses con-
scious access and does not involve any “explicit” categorization. Thus,
this experimental procedure blocks semantic factors that usually enter
a transduction of experiential processes into linguistic representations.

The discrete emotion approach to emotional expressions sug-
gests that categorical perception has evolved to enable rapid cat-
egorization of emotional states in others that can motivate behavior
(e.g., Etcoff and Magee 1992). Our results show that there is discrete
emotion activation, as fear odor speeded up categorization of only
fearful faces under fear odor condition, but not angry or disgusted
faces. Although several studies have reported evidence of discrete
emotion perception of facial expressions (e.g., Calder et al. 1996; de
Gelder et al. 1997; Campanella et al. 2002), to the best of our know-
ledge no study has as yet relied on olfactory priming.
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Table 3. Covariance analyses for the facial muscle effects

Covariate(s) Effect type Frontalis statistics Corrugator statistics
Intensity and pleasantness Odor F(1,19) = 9.61, P = 0.006 F(1,18)

Odor x time F(3,57) = 5.10, P = 0.003 F(3, 54“F) 3 50, P =0.026
Intensity Odor F(1,20) = 7.24, P = 0.014 F(1,19) < 1

Odor x time F(3,60) = 3.86, P =0.014 F(3,57"%) =4.33, P =0.012
Pleasantness Odor F(1,20) = 15.23, P < 0.001 F(1,19) = 1.80, P = 0.196

Odor x time F(3,60) = 7.43, P < 0.001 F(3,57") = 3.43, P = 0.026

For comparison, the P values of covariate-less analyses were for the main effect of “odor”: P = 0.002 (frontalis) and P = 0.170 (corrugator); and for the inter-

action “odor x time”: P = 0.002 (frontalis) and P = 0.008 (corrugator). Superscript HF means Huynh—Feldt correction of degrees of freedom was applied. Evidently,

adding these covariates did not change the interpretation of the EMG findings.

Methodologically, this study presents a unique combination of
using olfactory priming and a novel facial recognition task. The
novel facial recognition task has the advantage of using the same
facial image over a continuum rather than relying on the more com-
mon image morphing method (see Young et al. (1997) for a detailed
description) that usually blends original images with a neutral
facial image in a 50:50 proportion (e.g., 50% fear and 50% neu-
tral). This novel method, in which full facial images were presented
with “identically” reduced clarity across faces, eliminates a potential
problem that morphing tasks have, namely the uneven revelation
of faces across the 5-s period. The second novelty of the experi-
mental paradigm is the combination of olfactory priming with the
facial recognition task and the absence of any “specific” emotion
referent linguistic category in the task instructions. The remarkable
feature of this study is that the findings suggest the presence of some-
thing like an “emotional fingerprint,” namely something that can be
regarded as “essentialist,” insofar as the odor that is responsible for
the activation of facial muscles and is also related to the correspond-
ing speeded classification of the facial expression. It would seem to
be that emotion chemosignals contain distinctive biochemical con-
figurations that induce specific facial expressions and behavioral
responses that are consistent with the emotional state involved in
the production of the volatile in question.

Context paragraph

This research flows from two converging research fields that we have
been pursuing. The first one is on the “communicative function of
human chemosignals” on which we (G.R.S., M.S., ].H.B.d.G.) have
been working for more than 7 years. The second one is on the interspe-
cies transmission of emotions via chemosignals on which we (G.R.S.,
D’A.B.) have been working for the last 2 years. In our recently published
paper (D’Aniello et al. 2018) with D’Aniello, we have demonstrated
that human chemosignals of happiness and fear transfer these emo-
tional states to Canis lupus familiaris (pet dogs) suggesting an interspe-
cies transferable biochemical fingerprint of human chemosignals. These
converging lines of research invited the current research. Examining the
processing of stimuli by priming a specific emotional state with chem-
osignals lends itself readily as an optimal research strategy to examine if
a general negative evaluative state or a discrete emotion drives emotion
processing. Thus, this study constitutes a continuation and deepening of
our “general” inquiry indicating that chemosignals contain and convey
information that supersedes individual species.
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Supplementary material can be found at http://www.chemse.oxford-
journals.org/
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