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ARTICLE INFO ABSTRACT

Keywords: Odors help us to interpret the environment, including the nature of social interactions. But, whether and how
Action intention they influence the ability to discriminate the intentional states embedded in actions is unclear. In two experi-
Cooperation ments, we asked two independent groups of participants to discriminate motor intentions from videos showing
Competition £ . h ith h ith . ce .

Odor perception one agent performing a reach-to-grasp movement with another agent with a cooperative or a competitive intent,
Body odor and the same movement performed alone at either natural- or fast-speed, as controls. Task-irrelevant odor primes

preceded each video presentation. Experiment 1 (N = 19) included masked cooperative and competitive body
odors (human sweat collected while the donors were engaged in cooperative and competitive activities), whereas
Experiment 2 (N = 20) included a common odor (cedarwood oil) and no odor (clean air) as primes. In an odor-
primed, two-alternative forced choice task, participants discriminated the intention underlying the observed
action. The results indicated that the odor exposure modulated the discrimination speed across different in-
tentions, but only when the action intentions were hard to discriminate (cooperative vs. individual natural-speed,
and competitive vs. individual fast-speed). Contrary to our hypothesis, a direct odor-action intention compati-
bility effect was not found. Instead, we propose a negative arousal compatibility-like effect to explain our results.
Discrimination of high arousing action intentions (i.e., competitive) took longer when primed by high arousing
odors (common odor and competitive body odor) than by low arousing odors (cooperative body odor and no
odor). Discrimination of low arousing action intentions (i.e., cooperative) took longer when primed by low
arousing odors than by high arousing odors. All in all, competitive (but not cooperative) body odors bias the
discrimination of action intentions towards cooperation.

1. Introduction

Theories of embodied cognition and simulation suggest that reading
the intention of others occurs through a direct and automatic matching
process between observed and performed actions (Aglioti et al., 2008).
The process occurs through the re-activation of the bodily states that
were originally active during past, self-related sensorimotor experiences
(Grafton, 2009). Evidence is accumulating that olfaction plays a role in
this re-activation process (Aglioti & Pazzaglia, 2011; Partan & Marler,
2005). In particular, smelling human sweat activates in the receiver the
simulation of the emotional experience of the donor (e.g., fear, disgust,
and happiness; de Groot et al., 2012, 2015; Mujica-Parodi et al., 2009),

and the ability to track the intensity of their stress response (de Groot
et al., 2020). Additionally, smelling human sweat can prepare the
receiver for complementary emotional responses (Mutic et al., 2016)
which help establish social bonds (Parma et al., 2013b) as well as
enhance competitiveness (Adolph et al., 2010; Mutic et al., 2019).
Whether sweat-based information can influence the ability to decode
the intention coupled with a certain action is to date unclear. Previous
evidence suggests that odor-motor interactions occur during not only
action execution (Castiello et al., 2006; Parma et al., 2012, 2013a) and
inhibition (Albayay et al., 2019, 2022), but also during action obser-
vation (Tubaldi et al., 2011). Indeed, olfactory representations are
efficiently included in motor plans, and the action observation system

* Corresponding author at: Donders Institute for Brain, Cognition and Behaviour, Radboud University Medical Centre, Kapittelweg 29, 6525 EN Nijmegen, the

Netherlands.

E-mail addresses: javier.albayay@gmail.com (J. Albayay), luisa.sartori@unipd.it (L. Sartori), umberto.castiello@unipd.it (U. Castiello), vparma@monell.org

(V. Parma).

https://doi.org/10.1016/j.actpsy.2024.104392

Received 6 February 2024; Received in revised form 18 May 2024; Accepted 9 July 2024

Available online 13 July 2024

0001-6918/© 2024 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:javier.albayay@gmail.com
mailto:luisa.sartori@unipd.it
mailto:umberto.castiello@unipd.it
mailto:vparma@monell.org
www.sciencedirect.com/science/journal/00016918
https://www.elsevier.com/locate/actpsy
https://doi.org/10.1016/j.actpsy.2024.104392
https://doi.org/10.1016/j.actpsy.2024.104392
https://doi.org/10.1016/j.actpsy.2024.104392
http://creativecommons.org/licenses/by-nc-nd/4.0/

J. Albayay et al.

(AOS; Keysers & Perrett, 2004) is engaged when one smells objects and
observes goal-directed actions (Tubaldi et al., 2011). It is also known
that olfactory stimuli congruent with to-be-grasped food items increase
the corticospinal excitability of the muscles of the hand, thus strength-
ening the idea that olfactory stimuli influence the activation of the AOS
(Rossi et al., 2008). Altogether, these findings suggest that odor stimuli
impact both the observation and execution of motor patterns.

Furthermore, exposure to familiar human sweat can selectively
modulate the processing of observed actions. For instance, smelling the
sweat of a family member (e.g., their mother) allows children with
autism spectrum disorder to execute actions that reflect the processing
of the visual cues embedded in the actions of a model-person (Parma
et al., 2013a, 2014). Yet, the same effect is not manifest in children with
typical development, who do not need help to disambiguate the visual
information associated with an action. All in all, at least in some specific
cases, the socio-emotional content of human sweat can influence the
unfolding of one’s own actions and the understanding of the intentions
behind the actions of others.

To test whether motor intentions can be decoded based on the socio-
emotional content conveyed by human sweat, we capitalized on the
evidence that humans are able to discriminate between social and non-
social motor intentions via action observation (Sartori et al., 2011).
Based on the evidence of predictive coding (Wolpert et al., 2003), Sartori
et al. (2011) devised a task in which participants were shown
temporally-occluded video clips of agents performing the same action
with different intentions (i.e., the initial frames of individual, competi-
tive and cooperative actions were shown, but not the actual interaction).
The participants judged the model’s motor intention by choosing be-
tween two options at a time in a series of two-alternative forced choice
tasks. Based on the kinematic cues of the model’s arm, participants were
able to judge whether the presented video showed an intent to coop-
erate, compete, or perform an individual (fast or slow) action. Impor-
tantly, the authors report longer response latencies and lower accuracy
when the participants had to judge action intentions in the presence of
higher ambiguity, particularly when choosing between cooperative and
natural speed actions (Sartori et al., 2011).

With this aim in mind, we sought to investigate whether and how
body odor (BO) stimuli modulate the ability to discriminate different
action intentions. BO stimuli were obtained from human sweat collected
while the donors (i.e., individuals who produced the BO stimuli) were
engaged in cooperative and competitive activities and then masked with
cedarwood oil (successfully used to mask human sweat; Cecchetto et al.,
2017b, 2020).

2. Experiment 1

In this experiment, participants performed the two-alternative forced
choice task developed by Sartori et al. (2011; i.e., discrimination of
action intentions) and adapted for this study, after being presented with
either a masked cooperative or competitive BO. Considering that being
exposed to a masked BO implicitly indicates the presence of a person
(Lundstrom et al., 2008), the BO stimuli would be considered as a social
proxy. Cooperative BOs could be interpreted as the sign of the presence
of a cooperative person, and thus evoke intrinsic reinforcements
(Schuster & Perelberg, 2004). In line with these findings, we anticipated
a compatibility effect in that the cooperative BOs will facilitate the
discrimination of action intentions in the two-alternative forced choice
task (i.e., faster response times and higher accuracy) when the condi-
tions include a cooperative action intention as one of the alternatives
(see Procedure below for details on the experimental task). Conversely,
the competitive BOs could be interpreted as a sign of the presence of a
competitive person. If so, we may expect it to evoke signs of an intrinsic,
arousing threat. Indeed, we anticipated the competitive BOs to be more
arousing than the cooperative BOs, as previous studies have revealed
that competitiveness (vs. cooperation) elicits greater cardiovascular
activity (Harrison et al., 2001; Kivikangas et al., 2014) and self-reported
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arousal (Schmierbach, 2010). In this case, we expected the competitive
BO to interfere with the discrimination of action intentions when
judging conditions involving a social action (cooperation and competi-
tion) as an alternative.

2.1. Method

2.1.1. Participants

Nineteen healthy participants (ten women; mean age: 25.7 + 4.1
years old; age range: 20-36 years old) were recruited in this experiment.
An a priori power analysis (G*Power version 3.1; Faul et al., 2009)
suggested a sample size of sixteen participants for a medium effect size
(f2 = 0.25) at power = 0.8 and « = 0.05 (F test family, ANOVA: repeated
measures, within factors). Additionally, twenty individuals (ten women;
mean age: 22.9 + 2.3 years old; age range: 19-28 years old) were
recruited to donate their sweat (henceforth referred to as donors). All
participants and donors were non-smokers, right-handed (score > 60 on
the Edinburgh Handedness Inventory; Oldfield, 1971), normosmic
(score > 10 on the Sniffin’ Sticks identification test; Burghart®, Wedel,
Germany; Hummel et al., 2007; Oleszkiewicz et al., 2019), and self-
reported normal or correct-to-normal vision. To ensure accurate olfac-
tory perception, participants were screened for medication intake, his-
tory of neurological disorders (including head trauma), as well as
endocrinological, respiratory, psychiatric, and autoimmune diseases,
and exposure to toxins. To minimize the risks of extreme anxious,
depressive, and competitiveness traits and states affecting performance,
we only included participants and donors with average scores on the
State-Trait Inventory for Cognitive and Somatic Anxiety (below the cut-
off score of 43, considered optimal to detect probable cases of clinical
anxiety; Gros et al., 2007), and the Beck Depression Inventory (below
the cut-off score of 17; Beck et al., 1996). Furthermore, we ensured that
participants and donors exhibited mean scores on the Cooperative/
Competitive Strategy Scale (Simmons et al., 1988), indicating a mod-
erate level of competitiveness and cooperativeness. Only female par-
ticipants and donors not undergoing hormonal contraception or
undergoing hormonal contraception for less than six months, and
reporting to be in the early follicular phase of their cycle (day 2-7 after
menses onset; Chung et al., 2016), were recruited for this study. This was
done to control for changes in olfactory perception during the menstrual
cycle; calculations were based on the starting date of their menstrual
cycle and the length of it based on the past six months (Mutic et al.,
2019). Participants were asked to refrain from using scented personal
care products on the day of testing, as well as two days prior to it, and
not to eat or drink anything (except water) for one hour prior to the
beginning of the experimental sessions to minimize any distortion of
olfactory perception. All participants and donors provided written
informed consent before participating. Donors received 15 euros, while
participants received 10 euros after completing the experiment. All
procedures in this study were approved by the local Institutional Review
Board (International School for Advanced Studies, Trieste, Italy) and
were in compliance with the Declaration of Helsinki (World Medical
Association, 2013). The descriptive statistics of the sample are reported
in Table S1 in the Supplementary material.

2.1.2. Apparatus and stimuli

2.1.2.1. Visual stimuli. During the two-alternative forced choice task
(see Section 2.1.3 below for details on the experimental task) we
employed the video clips used in Sartori et al. (2011). The video clips
were in .avi format and had disabled audio. They were recorded at 25
frames/s with a resolution of 720 x 576 pixels, bit rate of 1200, aspect
ratio of 16:9, duration of 3 s, and subtended region of 22.62° x 33.40°.
The clips featured a right-handed model performing four types of action
sequences with wooden blocks in isolated and dual contexts (single-
agent vs. two agents). The action sequences were as follows:
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i) Single-agent, natural-speed: the agent reaches and grasps the
wooden block positioned in front of his/her right hand and moves
it to the middle of the working surface at a natural speed.

ii) Single-agent, fast-speed: the action sequence is similar to the pre-
vious one, except that the agent performs the action as fast as
possible.

iii) Two agents in cooperation: two agents sit opposite to each other
and cooperate to build a tower in the middle of the working
surface. One agent positions the wooden block at the bottom, and
the other at the top of the tower.

iv) Two agents in competition: the action sequence is similar to the
previous one, but the agents compete to place their wooden block
at the bottom of the tower as fast as possible.

To ensure that only the initial part of the action sequence (i.e., the
reach to grasp of the wooden block) was used by the participants to infer
the kind of intention driving the action, the video clips were temporally
occluded. They started with an agent resting their right hand on a
starting button and ended at the time they grasped the wooden block.
The interacting agent was not shown in the video clip (see Fig. 1). For a
more detailed description of the video stimuli (e.g., recording and
analysis of kinematics), please refer to Sartori et al. (2011).

2.1.2.2. Body odor stimuli. For the collection of human sweat, donors
were instructed to follow a strict protocol to avoid sweat contamination
(Mitro et al., 2012; Parma et al., 2017). For two days prior to each
donation session, donors were asked to refrain from eating odorous food
(e.g., garlic, onion, asparagus), drink alcohol, smoke, perform excessive
sport or schedule stressful experiences (e.g., academic exams, doctor
appointments). Furthermore, donors were asked to solely use the scent-
free personal-care products and detergents provided by the experi-
menter during the two days prior to each collection and during collec-
tion day. All donation sessions were performed between 8 a.m. and 12 p.
m.; only a male experimenter took part in the donation sessions in order
to minimize possible experimenter effects (Lundstrom & Olsson, 2005).
The order of the donation sessions was counterbalanced across donors
and separated by at least 24 + 8 h.

At the beginning of each donation session, donors were asked to
wash their armpits and torso with the scent-free personal-care product,
and they wore a t-shirt in which the absorbent pads were sewn into the
armpits. The cooperative and competitive conditions were similarly
constructed and based on three tasks. First, donors rated how coopera-
tive and competitive they felt at the moment in VAS ranging from 0 (not
at all) to 100 (very much). Subsequently, they read a story whose central
theme was either cooperation or competition, as judged by a pilot study
on six participants. This induction method, in line with other types of
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state-induction manipulations (e.g., DeSteno et al., 2004), has proven
successful in generating accurate mental images related to cooperation
and competition and evoke the designated states in the donors. Second,
the donors were presented with several short videos showing coopera-
tive (e.g., human chains helping people) and competitive situations (e.
g., boxing matches) for 18 min. This technique has been successfully
used to elicit emotional sweat in humans, such as those of disgust, fear
and happiness (e.g., de Groot et al., 2015). Third, donors were asked to
rate their experience of cooperation and competition on a VAS and then
to perform the same task that the participants of the experiment seen in
the videos, namely, to build a tower cooperatively or competitively with
a confederate (30 trials each). A final VAS to measure cooperation and
competition was then administered.

At the end of each donation session, the samples were handled with
disposable, odorless surgical gloves and the usability of the donated
sample was assessed by a pool of minimum one and maximum three
experimenters (if the case was questionable). The experimenters eval-
uated whether traces of exogenous odorants were retrieved (which
would grant the exclusion of the sample from the donor pool) and the
clear presence of human sweat (e.g., Mitro et al., 2012). Once deemed
usable, each t-shirt was collected, the pads removed and frozen at
—80 °C. To favor data comparison, clean pads on which the masker odor
was applied were also frozen to serve in the comparisons that do not
include BOs. Freezing sweat does not affect subjective ratings of pleas-
antness, intensity, attractiveness, and masculinity of the samples
(Lenochova et al., 2009). The BO stimuli were subsequently created by
cutting each pad into four, equally sized quadrants. To remove potential
individual odor-donor effects on the participants of the experiments
(Mitro et al., 2012), supra-donors were created. A supra-donor BO
consists of four quadrants, each obtained from four same-sex and same
approximate age donors (Martins et al., 2005).

Overall, each donation session took about 60 min. Based on the
donors’ subjective experience, the cooperative condition induced the
donors to feel significantly more cooperative (75.4 + 22.0) than
competitive (36.9 + 26.6), y*(1) = 345.69, p < 0.001, AICg;, > 100, R%,
= 0.380, R? = 0.650 (see Section 2.1.4 below for details on the statistical
analyses). Further, the donors reported to feel more competitive (70.1
+ 24.8) than cooperative (30.5 + 31.0) following the induction of
competition, y%(1) = 286.25, p < 0.001, AICg; > 100, R = 0.308, R? =
0.630. Thus, we concluded that the induction procedure was successful.

During the main experiment, the Participants (receivers) were
exposed to BO cues placed on absorbent pad quadrants (MAM, Neck-
arsulm, Germany) and positioned within straight-sided glass 4 oz. jars
(Uline, Pleasant Prairie, WI, USA). Four pad quadrants were arranged
along the walls of the jar, as well as on the bottom of the jar, to maximize
exposure of the odorous surface. We presented the participants with

a) Cooperative

b) Competitive

3000

Time (ms)

Fig. 1. Frames extracted from the video stimuli presented during the experimental task showing a cooperative action (panel a) and a competitive action (panel b).
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cooperative and competitive BOs (i.e., human sweat collected in coop-
erative and competitive situations, respectively) that were masked with
cedarwood oil (200 pL, Sigma-Aldrich, Italy; Cecchetto et al., 2017b);
please see below for a detailed explanation of the collection procedures.
This was done to reduce the possibility of conscious detection of the BOs
(Cecchetto et al., 2019; Lundstrom & Olsson, 2010; Parma et al., 2017).
Olfactory stimulation was provided by a computer-controlled olfac-
tometer (Sniff-0, CyNexo, Udine, Italy, https://www.cynexo.com). A
constant flowing air stream (0.5 L/min) was maintained throughout the
experiment, while the odor stimuli were presented at a flow of 3 L/min
(Albayay et al., 2019, 2022). The odor stimuli and clean air were
delivered through two cannulas covered with custom-made nosepieces
that were placed in the participants’ nostrils.

2.1.3. Procedures

2.1.3.1. Two-alternative forced choice task. The main experimental task
was the same as in Sartori et al. (2011), except for two aspects: the
addition of the olfactory stimulation and a longer time window between
primes and targets (see below). The participants seated in front of a 19"
computer monitor (background luminance of 250 cd/m?), with the head
positioned on a chinrest to ensure that the eye-screen distance was of 50
cm. Participants placed the right and left index fingers upon two
keyboard keys (i.e., Z and M, respectively). Participants familiarized
themselves with the video clips by watching one clip for each condition
(natural-speed, fast-speed, cooperative, and competitive) before starting
the experiment.

Each trial for the main experimental task (see Fig. 2) began with the
presentation of a white fixation cross against a black background which
set the start of the flow of clean air; participants were instructed to
breathe normally upon seeing the cross. After 1000 ms, the odor stim-
ulus was delivered for 3000 ms; this duration ensured that the partici-
pant could smell the odor stimuli while breathing naturally. Then, a
green fixation cross was displayed at the center of the screen serving as a
preparation cue for the video stimulus; the duration of the cue ranged
from 500 to 1500 ms in order to avoid early responses. Subsequently, the
target video clip showing the reach-to-grasp phase of the movement in
one of the four conditions was presented. By means of a two-alternative
forced choice task, participants had to discriminate (by pressing one of
the two keyboard keys: Z or M) as fast and accurately as possible

Clean air

Clean air

Fixation

1000 ms

Fixation
3000 ms

Preparation cue
500-1500 ms

Video
3000 ms

ITI
1000 ms

Forced-choice

Fig. 2. Graphical description of the two-alternative forced choice task
(discrimination of action intentions).
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whether the video clip represented: (i) a natural-speed vs. a fast-speed
action (Nat-Fast), (ii) a cooperative vs. a competitive action
(Coop-Comp), (iii) a competitive vs. a fast-speed action (Comp-Fast),
(iv) a cooperative vs. a natural-speed action (Coop-Nat).

The mapping rule between action intentions and keyboard keys was
counterbalanced across participants (e.g., in the Coop—Comp condition
half of the participants had to press the Z key if they judged the observed
action as cooperative and the M key if they judged it as competitive). In
case of a missed response (i.e., > 6000 ms response deadline), feedback
was provided in the center of the screen (missed response). Clean air was
delivered during the presentation of the video and during a fixed inter-
trial interval (ITI) of 1000 ms. A total of 240 trials were presented in four
blocks of 60 trials each; the odor stimuli were presented equiprobably.
Each block contained one of the possible conditions (Nat-Fast,
Coop—-Comp, Comp-Fast, Coop-Nat). The order of the blocks was
counterbalanced across participants.

2.1.3.2. Rating procedure. Before and after completing the main
experimental task, participants rated each odor stimulus regarding its
perceived intensity, familiarity and pleasantness in visual analog scales
(VAS) ranging from 0 (not at all) to 100 (very much). The experiment took
place in a room apt for human chemosensory testing, provided with air
replacement by a ventilation system. The experiment was carried out
using the E-Prime 2.0 software (Psychology Software Tools, Inc, 2012)
and lasted about 60 min.

2.1.4. Statistical analyses

We used RStudio (version 1.4.1103; RStudio Team, 2016) for all our
analyses. We considered the following dependent variables: odor ratings
(intensity, familiarity and pleasantness), response time (RT, i.e., time
elapsed from the moment at which the agent on the video started the
movement until the participant pressed one of the two keyboard keys),
and accuracy at discriminating action intentions. We also compute the d’
parameter from the Signal Detection Theory (Macmillan & Creelman,
2004), which represents a participant’s sensitivity to a given stimulus
independent of their bias to respond yes or no at the forced-choice
discrimination task. Greater values indicate a greater ability to
discriminate signal from noise while a value of 0 indicates chance per-
formance. The d’ parameter was computed as the difference of the
normalized z values of the rates of hits (H, correctly detected stimuli)
and false alarms (FA, stimuli reported when not present): d’ = z(H) - 2
(FA). Given that Sartori et al. (2011) found that the participants tend to
classify natural-speed and competitive action as cooperative ones, we
computed the c (criterion) parameter from the Signal Detection Theory
to account for the possible presence of such bias after being exposed to
the different odor conditions. The ¢ parameter represents a general
tendency to respond yes or no, with a value of 0 indicating no bias to-
wards either choice. The ¢ parameter was computed as: ¢ = —[z(H) + z
(F)]1/2. In order to avoid indeterminate values [i.e., perfect H (1) or FA
(0)] for the computation of both d’ and c, we added 0.5 to both the
number of H and FA and 1 to the number of trials (Hautus, 1995;
Snodgrass & Corwin, 1988). To determine if the participants’ perfor-
mance was above or below the chance level, the d’ parameter was
contrasted against O (i.e., chance level performance) by means of one-
sample t-tests for each condition. Furthermore, to account for the pres-
ence of the bias towards classifying cooperative action intentions (Sar-
tori et al., 2011), we planned to contrast the ¢ parameter against O (i.e.,
neutral bias) by means of one-sample t-tests for the Coop—Comp and
Coop-Nat conditions.

We computed linear mixed-effects models (LME) for the perceived
intensity, familiarity and pleasantness of the odor stimuli, as well as for
RT and d’, and generalized linear mixed-effects models (GLME) with
binomial link function for accuracy. For details on the advantages of
mixed-effects modeling as compared to more traditional approaches (e.
g., analysis of variance), we refer the interested reader to Baayen et al.
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Table 1
Descriptive statistics and multiple comparisons for the response time and accuracy at discriminating action intentions per odor condition in Experiment 1.
Measure Odor Intention Mean + SD / % Comparison p value
Coop-Comp < 0.001%**
Nat-Fast 2678 + 666 ms Comp-Fast
Coop-Nat
Masked competitive BO Comp-Fast < 0.001***
Coop-Comp 2904 + 569 ms Coop-Nat 0.005*
Comp-Fast 3353 + 454 ms Coop-Nat < 0.001***
Response time Coop-Nat 3033 £ 591 ms - -
Coop-Comp < 0.001%**
Nat-—Fast 2717 + 583 ms Comp-Fast < 0.001***
Coop-Nat < 0.001***
Masked cooperative BO Comp-Fast < 0.001***
Coop-Comp 2951 + 492 ms Coop-Nat < 0.001%%*
Comp-Fast 3245 + 413 ms Coop-Nat 0.999
Coop-Nat 3258 + 657 ms - -
Coop-Comp < 0.001%**
Nat-Fast 91.9 % Comp-Fast
Coop-Nat
Masked competitive BO Comp-Fast < 0.001***
Coop-Comp 74.5 % Coop-Nat < 0.001%%*
Comp-Fast 54.7 % Coop-Nat 0.097
Coop-Nat 46.6 % - -
Accuracy
Coop-Comp
Nat-Fast 94.0 % Comp-Fast
Coop-Nat
Masked cooperative BO Coop-Comp 78.9% Comp-Fast
Coop-Nat
Comp-Fast 62.8 % Coop-Nat
Coop-Nat 38.9 % - -

Bold values denote statistical significance (p < 0.05*, p < 0.01**, p < 0.001***),

(2008). Trials in which participants did not respond (0.7 %), as well as
trials exceeding 2.5 standard deviations the average RT (2.4 %) were
considered outliers and excluded from the analyses. The LME models for
the perceived intensity, familiarity and pleasantness included the factors
odor (masked cooperative BO vs. masked competitive BO) and session
(pre vs. post; odor ratings before starting the experimental task and after
its completion, respectively) as fixed effects. LME models for RT and d’
and GLME models for accuracy included the factors odor and intention
(Nat-Fast vs. Coop—Comp vs. Comp-Fast vs. Coop-Nat) as fixed effects.
All models included sex (female vs. male) as a covariate and participants
as a random effect in order to account for the stochastic variability in the
data and reflect a more general estimate of the fixed effects (Singmann &
Kellen, 2017).

By following a model comparison approach (McElreath, 2016), we
compared nested models by means of likelihood ratio tests to determine
the best fitting model using the Akaike information criterion (AIC).
Lower AIC indicates the best fitting model. We estimated the exponen-
tial of the difference between the AIC of the models to establish the
relative likelihood of a given model [AICg;, = exp.(AAIC/2), e.g.,
Albayay et al., 2019, 2022]. All models were fitted with maximum
likelihood estimation. We performed multiple comparisons for signifi-
cant main effects with more than two levels and first order interactions.
We selected the Tukey method for the adjustment of p values to reduce
the probability of type 1 error with a = 0.05. Further, we computed
marginal and conditional R? to account for the proportion of variance
explained by the fixed effects only (R2) and by both the fixed and
random effects (R2), respectively. We reported the mean and standard
deviation of the experimental conditions for LME models, and the ac-
curacy in percentage per condition for GLME models.

2.2. Results

For brevity, we report the highest order significant effects and the
effects relevant to the argument at stake. For completeness, the main
effects of odor, intention and sex and all the effects related to the ratings
(intensity, familiarity and pleasantness) of the odor stimuli are reported

in the Supplementary material. In short, the odor stimuli were equivalent
in intensity, familiarity and pleasantness. The main effect of sex was not
significant for any of the dependent variables (see Table S2 in the Sup-
plementary material).

2.2.1. Masked competitive body odors slows down action discrimination of
Comp - Fast condition and speeds up action discrimination of Coop-Nat
condition

The interaction odor x intention on the response time was signifi-
cant, ¥%(3) = 27.966, p < 0.001, AICg, > 100, R% = 0.140, RZ = 0.311;
the descriptive statistics per condition are presented in Table 1. As
shown in Fig. 3, the masked competitive BOs exhibit a dual effect. When
paired with the Comp-Fast condition, it decelerates the discrimination of
the action intention (p = 0.025). Conversely, it accelerates the
discrimination in the Coop-Nat condition (p = 0.001). There were no
significant differences observed in the other comparisons (refer to
Table 1). Furthermore, no significant difference was found in the impact
of cooperative BOs on the discrimination of action intention (Fig. 3).

2.2.2. Smelling masked competitive (vs. cooperative) body odors does not
modulate the discrimination accuracy between action intentions

Overall accuracy, collapsed across conditions, was 67.9 %. The
interaction odor x intention on accuracy was significant, X2(3) =
18.269, p < 0.001, AICg;, > 100, RZ, = 0.211, R? = 0.236; the descriptive
statistics per condition are presented in Table 1. Discrimination accu-
racy did not differ when masked competitive BOs were presented (vs.
masked cooperative BOs) for any of the experimental conditions:
Nat-Fast (p = 0.848), Coop-Comp (p = 0.652), Comp-Fast (p = 0.107),
Coop-Nat (p = 0.124). As expected, accuracy was lower in the Coop-Nat
condition as compared to the other conditions when exposed to both
BOs. In short, when directly contrasted, the accuracy at discriminating
the intentions of others is not affected by the level of cooperativeness/
competitiveness elicited via BOs.
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Fig. 3. Split violin plots for the response time at discriminating action in-
tentions per odor condition in Experiment 1. The horizontal thick line within
the boxes represents the mean. The lower and upper horizontal lines indicate
the 25th and 75th percentiles of the distribution, respectively (interquartile
range). The whiskers indicate the minimum and maximum values located 1.5
times the interquartile range. The shaded area surrounding each box depicts a
rotated kernel density plot. Bold values denote statistical significance (p <
0.05%, p < 0.01**, p < 0.001***).

2.2.3. Participants discriminate cooperative vs. natural-speed action
intentions more poorly than expected by chance

The main effect of intention on the d’ parameter was significant,
¥%(3) = 142.81, p < 0.001, AIGg; > 100, R% = 0.597, R? = 0.644,
whereas the main effect of odor, Xz(l) = 0.228, p = 0.412, AICg, =
0.638, R% < 0.001, R? < 0.001 [masked competitive BO (1.1 + 1.5),
masked cooperative BO (1.2 + 1.8)], and the interaction odor x inten-
tion, x%(3) = 3.139, p = 0.301, AICg; = 0.139, R2, = 0.605, R? = 0.653,
were not. The value of the sensitivity index was lower for the Coop-Nat
condition (—0.4 + 0.7) than for the Nat-Fast (2.9 + 0.5), the
Coop—Comp (1.8 £ 1.7), and the Comp-Fast (0.5 + 0.8) conditions (all
ps < 0.001). The d’ index was also lower for the Comp-Fast condition as
compared to both the Nat-Fast and the Coop-Comp conditions (ps <
0.001). d’ was lower for the Coop—Comp than for the Nat-Fast condition
as well (p < 0.001). One-sample t-tests revealed that the d’ parameter
was significantly >0 for the Nat-Fast, t(37) = 34.178, p < 0.001, the
Coop-Comp, t(37) = 6.367, p < 0.001, and the Comp-Fast conditions, t
(87) = 3.595, p = 0.002, but significantly lower than 0 for the Coop-Nat
condition, t(37) = —3.737, p < 0.001. To sum up, discriminating
Coop-Nat action intentions was more challenging as compared to all
other conditions, regardless of the odor prime.

2.2.4. Smelling competitive (but not cooperative) body odors biases the
discrimination towards cooperation

Concerning the presence of a bias towards reporting cooperation,
one-sample t-tests for the Coop-Comp condition showed that the c
parameter was significantly lower than 0 when competitive BOs were
presented, t(18) = —3.340, p = 0.004, but not for cooperative BOs, t(18)
= —0.901, p = 0.379, suggesting a bias towards judging competitive
actions as cooperative ones, when competitive BOs are smelled. As for
the Coop-Nat condition, the ¢ parameter was lower than O when
competitive BOs were presented, t(18) = —4.473, p < 0.001, but not for
cooperative BOs, t(18) = 0.015, p = 0.988, indicating a bias towards
judging natural-speed actions as cooperative ones when competitive
BOs are smelled. In short, unexpectedly, we found that smelling
competitive (but not cooperative) BOs biases the classification of action
intentions towards judging natural-speed and competitive action
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intentions as cooperative ones.
2.3. Discussion

Our results showed that masked cooperative and competitive BOs
preceding the presentation of the video can modulate the ability to
discriminate action intentions. The effect of the olfactory manipulation
was revealed only in certain conditions, namely, at judging between a
cooperative action vs. an individual action at natural-speed, and be-
tween a competitive action vs. an individual action at fast-speed. These
conditions were reported as the hardest to discriminate by Sartori et al.
(2011). These results are in accordance with the Bayesian perspective
that prior information would have a greater influence on decision
making when sensory evidence is more ambiguous (Koul et al., 2019;
Summerfield & De Lange, 2014). Thus, it is expected that the effect of
the olfactory manipulation is stronger for the conditions that are harder
to discriminate (i.e., higher ambiguity in the visual domain). However,
contrary to our hypotheses, we did not reveal an identity compatibility
effect, for instance a facilitation effect when a cooperative BO preceded
a cooperative action.

Instead, results reveal that the masked BOs accelerates action
discrimination in the Coop- Nat condition and slows the action
discrimination down in the Comp-Fast condition, while not affecting the
accuracy at which each action intention is discriminated. When
considering the criterion or bias, masked BOs bias action discrimination
towards cooperative actions in the Comp- Coop and in the Coop-Nat
conditions.

Altogether, our results suggest that the effect of masked BOs at
discriminating action intentions might be related to the compatibility
between the odor primes and the visual targets in terms of arousal,
rather than action intention. It might be argued that the condition in
which participants had to discriminate between competitive vs. fast-
speed intentions is more arousing than the condition in which they
had to discriminate cooperative vs. individual natural-speed action in-
tentions. This idea is supported by previous research showing that
competition (vs. cooperation) elicits higher arousal, both self-reported
(Schmierbach, 2010) and indexed by higher heart rate (Kivikangas
et al,, 2014), and so does fast-speed (vs. slow-speed) stimuli. For
instance, Sundar and Kalyanaraman (2004) found that fast-animation
speeds trigger greater physiological arousal. Further, Robitaille and
McGuffin (2019) showed that the maximum speed reached by arm
movements in virtual reality provides a reliable signal of increased
arousal. We argue that the cooperative BO is less arousing in line with
previous studies linking cooperative activity to lower self-reported
arousal (Schmierbach, 2010). Following this reasoning, in line with
the hypothesis of high arousing interference (Nishisato, 1966; Sohn
et al., 2015), slower discrimination is triggered when a high arousing
odor stimulus (e.g., competitive BOs) is smelled prior the presentation of
high arousing visual information (e.g., competitive and fast-speed video
clips).

Any given BO contains different types of information about the
sender, such as familiarity (kin vs. stranger; Parma et al., 2017), gender,
health status, and the socio-emotional state in which the odor was
donated (de Groot et al., 2012, 2015; Mujica-Parodi et al., 2009; Mutic
et al., 2016). However, it appears that some sort of hierarchy between
these different kinds of information exists. From a behavioral immune
system perspective, it is plausible that information relative to harm
avoidance is prioritized. This form of communication seems to be sus-
tained by the peculiarity of the olfactory system in that it is the only
sensory system without the need for a thalamic relay, as its receptors
directly project to the olfactory bulb and to the primary olfactory
cortical areas (Carmichael et al., 1994). This allows for the fast and
subliminal detection of harmful stimuli. In a social context, smelling the
competitive BO of a stranger might prime a reaction of harm avoidance,
with an increase in stress and anxiety. We deem this being the case when
participants are classifying action intentions that are more compatible
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(i.e., competitive and fast-speed) under the exposure of masked
competitive (vs. cooperative) BOs. Under the assumption that masked
cooperative BOs would evoke an intrinsic reinforcement associated with
cooperative activities (Schuster & Perelberg, 2004), we argue that the
participants would feel less aroused following the presentation of
cooperative BOs as compared to competitive BOs. Following the arousal
compatibility-like effect outlined above, we found that response times
were significantly slower following the presentation of cooperative BOs
as compared to competitive BOs in the Coop-Nat condition (i.e., the less
arousing condition). This seems to reinforce the idea that participants
felt more relaxed after being exposed to a cooperative BO, following the
notion that decision-making is impaired with low levels of arousal
(Jackson et al., 2014).

To further explore the arousal compatibility-like effects proposed in
Experiment 1 and detach them from the presentation of socially-relevant
information, namely the BOs, we carried out a second experiment where
odor stimuli of different intensity (i.e., a common odor vs. clean air)
were presented while participants performed the same task as in
Experiment 1. In Experiment 2, we examined the exposure to a hedon-
ically neutral common odor, specifically an odor stemming from a
common odor source, such as cedarwood oil in this specific case (used to
mask the BOs in Experiment 1), to determine if it modulates the ability
to discriminate an agent’s action intention compared to when no odor (i.
e., clean air) is smelled. Unlike Experiment 1, where the BO stimuli were
isointense, we anticipated the common odor to be perceived as more
intense (a proxy for arousal; Bensafi et al., 2002; Cecchetto et al., 2017a)
compared to the no odor stimulus. We expected to find the arousal
compatibility-like effect described in Experiment 1. Furthermore, in
accordance with Sartori et al. (2011) and the results of Experiment 1, we
hypothesized that these effects would be observed in the conditions in
which the discrimination of action intention entailed more ambiguity (i.
e., when discriminating competitive vs. fast-speed action, and cooper-
ative vs. natural-speed action intentions).
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3. Experiment 2
3.1. Method

3.1.1. Participants

Twenty healthy participants (ten women, mean age: 24.4 + 2.9 years
old, age range: 20-31 years old) were recruited in this experiment. In-
clusion criteria were the same as in Experiments 1. All participants
signed a written informed consent and were rewarded as reported in
Experiment 1. The descriptive statistics of the sample are presented in
Table S1 in the Supplementary material.

3.1.2. Apparatus and stimuli

Visual stimuli were the same as in Experiment 1. As for the odor
stimuli, we included two odor conditions with neutral valence, namely a
common odor (100 pL of cedarwood oil, Sigma-Aldrich, Italy) and no
odor (i.e., clean air over 2 mL propylene glycol, Sigma-Aldrich, Bur-
lington, MA, United States).

3.1.3. Procedure

Participants performed the same task described in Experiment 1
except for the fact that the odor stimuli corresponded to the common
odor (cedarwood oil) and a no odor. All other procedures were the same
as in Experiment 1.

3.1.4. Statistical analyses

Data analyses were in line with those reported in Experiment 1,
except that the levels of the fixed factor odor were common odor vs. no
odor (clean air). Trials in which participants did not respond corre-
sponded to 0.8 % of the total amount of trials. RTs exceeding 2.5 stan-
dard deviations corresponded to 2.2 % of the remaining trials, which
were considered as outliers and excluded from analyses.

3.2. Results

For brevity, the main effects of odor, intention and sex, as well as the

Table 2
Descriptive statistics and multiple comparisons for the response time and accuracy at discriminating action intentions per odor condition in Experiment 2.
Measure Odor Intention Mean + SD / % Comparison p value
Coop-Comp 0.287
Nat-Fast 2811 £ 745 ms Comp-Fast < 0.001***
Coop-Nat 0.024*
Common odor Comp-Fast < 0.001***
Coop-Comp 2927 + 644 ms Coop-Nat 0.933
Comp-Fast 3398 + 644 ms Coop-Nat < 0.001%**
Response time Coop-Nat 2947 + 844 ms - -
Coop-Comp 0.986
Nat-—Fast 2915 + 658 ms Comp-Fast < 0.001%**
Coop-Nat < 0.001
No odor Comp-Fast < 0.001%**
Coop-Comp 2973 + 600 ms Coop-Nat < 0.001%%*
Comp-Fast 3213 £ 711 ms Coop-Nat 0.947
Coop-Nat 3156 + 819 ms - -
Coop-Comp 0.277
Nat-—Fast 80.1 % Comp-Fast < 0.001%**
Coop-Nat < 0.001 ***
Common odor Comp-Fast < 0.001%**
Coop-Comp 74.5 % Coop-Nat < 0.001%%*
Comp-Fast 57.5% Coop-Nat < 0.001***
Accuracy Coop-Nat 45.7 % - -
Coop-Comp < 0.001%**
Nat-Fast 84.5 % Comp-Fast < 0.001 ***
Coop-Nat < 0.001***
No odor Comp-Fast = 0.001**
Coop-Comp 72:5 % Coop-Nat < 0.001%%*
Comp-Fast 61.8 % Coop-Nat *
Coop-Nat 38.8 % -

Bold values denote statistical significance (p < 0.05*, p < 0.01**, p < 0.001***),
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Fig. 4. Split violin plots for the response time at discriminating action in-
tentions per odor condition in Experiment 1. The horizontal thick line within
the boxes represents the mean. The lower and upper horizontal lines indicate
the 25th and 75th percentiles of the distribution, respectively (interquartile
range). The whiskers indicate the minimum and maximum values located 1.5
times the interquartile range. The shaded area surrounding each box depicts a
rotated kernel density plot. Bold values denote statistical significance (p <
0.05%, p < 0.01**, p < 0.001***).

ratings of familiarity and pleasantness are presented in the Supplemen-
tary material. There was no significant main effect of sex on any of the
dependent variables (see Table S2 in the Supplementary material).

3.2.1. The common odor is more intense than no odor

As expected, the common odor (68.0 & 21.5) was perceived as more
intense than no odor (49.3 + 28.3); the main effect of odor on the
perceived intensity was significant, y*(1) = 12.429, p < 0.001, AICg; >
100, R2, = 0.129, R? = 0.285, whereas neither the main effect of session,
¥2(1) = 0.276, p = 0.599, AICg; = 0.422, R%, = 0.002, R = 0.114 (pre =
59.9 + 25.9, post = 57.5 + 27.7), nor the interaction odor x session,
x%(1) = 1.083, p = 0.298, AlGg, = 0.632, R% = 0.141, R? = 0.301,
reached significance. Furthermore, the two odor stimuli were equivalent
in terms of pleasantness and familiarity (see Supplementary material).

3.2.2. Smelling a common odor modulates the discrimination speed of
action intentions

The interaction odor x intention on the response time was signifi-
cant, 3(3) = 33.271, p < 0.001, AICg;, > 100, R% = 0.059, R? = 0.372;
the descriptive statistics per condition are presented in Table 2. As
evident from Fig. 4, the common odor, the high arousal odor in this pair,
exhibits a dual effect. When paired with the Comp-Fast condition, it
decelerates the discrimination of the action intention (p = 0.004).
Conversely, it accelerates the discrimination in the Coop-Nat condition
(p = 0.005). There were no significant differences observed in the other
comparisons (refer to Table 2). Furthermore, slower responses were
elicited when discriminating Comp-Fast and Coop-Nat intentions as
compared to the other conditions, especially in the former, when
exposed to both the common odor and no odor. To sum up, smelling the
common odor modulated the speed at which participants discriminate
between Comp-Fast and Coop-Nat action intentions.

3.2.3. Smelling a common odor does not modulate the discrimination
accuracy of action intentions

Overall accuracy, collapsed across conditions, was 64.4 %. The
interaction odor x intention on the accuracy at discriminating action
intentions was significant, XZ(S) = 13.321, p = 0.004, AICg;, = 38.886,
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R2 = 0.106, R? = 0.149; the descriptive statistics per condition are
presented in Table 2. The accuracy level did not differ when the common
odor was presented as compared to when no odor was delivered for any
of the action intentions (Nat-Fast, p = 0.463; Coop—-Comp, p = 0.994;
Comp-Fast, p = 0.787, Coop-Nat, p = 0.200). Lower accuracy values
were found for the Coop-Nat condition as compared to the other con-
ditions when exposed to both the common odor and no odor. In brief, the
presentation of the common odor did not modulate the discrimination
accuracy of action intentions.

3.2.4. Participants discriminate cooperative vs. natural-speed action
intentions more poorly than expected by chance

The main effect of intention on d’ was significant, %(3) = 61.619, p
< 0.001, AICg;, > 100, R% = 0.308, R = 0.367, whereas the main effect
of odor, ¥%(1) = 0.005, p = 0.944, AICg;, = 0.369, R < 0.001, RZ =
0.016 (masker odor = 0.9 + 1.8, no odor = 0.9 + 1.7), and the inter-
action odor x intention, %(3) = 1.614, p = 0.656, AICz; = 0.112, R%, =
0.314, Rg = 0.375, were not. The sensitivity index was lower for the
Coop-Nat condition (—0.4 + 0.7) than for the Nat-Fast (2.1 + 1.9, p <
0.001), the Coop—Comp (1.5 + 2.0, p < 0.001), and the Comp-Fast (0.5
+ 0.8, p = 0.014) conditions. d’ was also lower for the Comp-Fast
condition as compared to both the Nat-Fast (p < 0.001) and the
Coop-Comp (p = 0.015) conditions. Instead, the Nat-Fast and the
Coop-Comp conditions did not differ (p = 0.175). Furthermore, one-
sample t-tests revealed that d’ values were significantly >0 for the
Nat-Fast, t(39) = 7.000, p < 0.001, the Coop—Comp, t(39) = 4.740,p <
0.001, and the Comp-Fast conditions, t(39) = 3.966, p < 0.001, but
significantly lower than O for the Coop-Nat condition, t(39) = —3.988, p
< 0.001. This indicates that discrimination performance was below
chance level in this condition. In short, discrimination performance was
more challenging in the Coop-Nat and the Coop-Comp conditions
(particularly in the former), regardless of the odor prime.

3.2.5. Smelling a common odor (as opposed to no odor) biases the
discrimination intentions towards cooperation

When testing the presence of a bias towards reporting cooperative
action intentions, one-sample t-tests showed that for the Coop-Comp
condition, the ¢ parameter was lower than 0 when presented with the
common odor, t(19) = —3.125, p = 0.006, but not when no odor was
displayed, t(19) = 0.296, p = 0.770. This suggests a bias towards judging
competitive actions as cooperative actions when a common odor is
smelled. Moreover, ¢ was lower than 0 within the Coop-Nat condition
when the common odor was presented, t(19) = —5.618, p < 0.001, but
not when no odor was displayed, t(19) = 1.177, p = 0.243, suggesting a
bias towards judging natural-speed actions as cooperative actions when
a common odor is smelled. In short, smelling a common odor biases the
discrimination of action intentions towards classifying natural-speed
and competitive actions as cooperative actions.

4. General discussion

In two experiments we aimed to determine whether odor stimuli can
influence the discrimination of action intentions. Prior to the discrimi-
nation of the action intention of external agents based on the kinematics
of their movements, the participants were exposed to cooperative vs.
competitive BOs (Experiment 1), and a common odor vs. no odor
(Experiment 2). The results of Experiment 2 aligned with those of
Experiment 1, suggesting the presence of an arousal compatibility-like
mechanism.

4.1. Odor stimuli interfere with the discrimination of action intentions in
the presence of high ambiguity

Overall, both in Experiment 1 and 2, the discrimination speed was
slower when the participants had to discriminate competitive vs. fast-
speed and cooperative vs. natural-speed action intentions (particularly
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in the former condition) as compared to when they had to discriminate
natural- vs fast-speed and cooperative vs. competitive action intentions.
Additionally, both the accuracy level and the d’ sensitivity index showed
that discrimination was harder in the competitive vs. fast-speed and the
cooperative vs. natural-speed conditions, with performance below the
chance level in the latter across the two experiments. This pattern of
results is in line with the idea that response times increase with the
difficulty of the perceptual task (Schneider et al., 2011). Further, our
results mirror those of Sartori et al. (2011), who found that these con-
ditions are harder to discriminate, identifying cooperative vs. natural-
speed as the most challenging one. They argued that a bias towards
reporting cooperative action intentions responds to a natural human
inclination to perceive cooperation even when this is not present (Sartori
et al., 2011). Although in our experiments the participants were less
accurate at discriminating cooperative vs. natural-speed than competi-
tive vs. fast-speed action intentions, and responses were faster in the
former condition. This might be interpreted as a trade-off between
response speed and accuracy, as the performance in the cooperative vs.
natural-speed condition was below the chance level, meaning that the
participants systematically (and rapidly) misclassified as cooperative
the individual natural-speed action intentions.

When comparing discrimination performance between the odor
conditions, we found that smelling the masked BOs and the common
odor differentially affected the discrimination speed of different action
intentions, while the discrimination accuracy remained mostly unaf-
fected. Both the common odor and the BO stimuli affected the response
latencies, but only when more ambiguity was present at discriminating
action intentions. This indicates that the kinematic features provide the
information on which the olfactory stimuli rely to bias the categoriza-
tion speed. We anticipated this to occur based on previous evidence
showing that kinematic information is able to drive decision-making
(Koul et al., 2019), and the idea that previously presented information
has a greater influence on decision-making when the sensory evidence is
more ambiguous (Summerfield & De Lange, 2014).

4.2. Arousal compatibility between olfactory and visual information

The effect of our olfactory manipulation was evident in those con-
ditions where the arousal level of the action intentions was comparable.
An interference effect in the speed at discriminating emerged in the
more arousing conditions, namely, during the presentation of video clips
showing competitive or fast-speed actions following the delivery of high
arousing odor information such as a common odor (vs. no odor) and
competitive (vs. cooperative) BOs. In other words, response times in-
crease with high arousing interferences (Nishisato, 1966; Sohn et al.,
2015). Following Jackson et al. (2014), optimal performance occurs
with moderate (vs. low) levels of cognitive load and arousal. Low levels
might lead to a poor performance due to distraction and lack of stimu-
lation, resulting in decision-making errors. This seems to be the case for
the discrimination of Coop-Nat action intentions, as reflected a low
overall accuracy and a systematic misclassification, particularly when
no odor and the cooperative BO were smelled. Less engagement with the
task in this condition might have caused less inhibition of inappropriate
response and fast impulsive errors, in line with recent evidence showing
that odor stimuli can interfere with inhibitory control (Albayay et al.,
2019, 2022).

The present findings seem to reflect a negative compatibility effect
(NCE; Klapp & Hinkley, 2002; Ocampo & Finkbeiner, 2013; Schla-
ghecken et al., 2007). In masked priming, the NCE is reflected in slower
response latencies when primes and targets features are compatible, for
instance, when a masked arrow prime and a visible arrow target point in
the same direction (Klapp & Hinkley, 2002); this phenomenon has also
been revealed in a larger set of conditions (see Schlaghecken et al.,
2007). The prime triggers a given assigned response and simultaneously
inhibits the alternative response. If the target is presented immediately
after the prime, what emerges is a positive compatibility effect (i.e.,
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faster responses when primes and targets match). However, the NCE is
manifested when the time between the prime and the target is pro-
longed, which suppresses the association between them. This has been
referred as a low-level motor self-inhibition account and it is supposed to
reflect unconsciously triggered inhibitory control (Ocampo & Fink-
beiner, 2013). In brief, this mechanism stops early motor activation that
is no longer supported by the sensory evidence, and at the same time
disinhibits the alternative avenue, resulting in faster responses for
incompatible trials (Schlaghecken et al., 2007).

To the best of our knowledge, this is the first study reporting a
negative compatibility effect using olfactory primes as most of the pre-
vious literature has been conducted using visual material. However, it is
noteworthy that congruency effects have been documented in previous
studies, even with larger intervals between odor and visual stimuli. For
instance, Castiello et al. (2006) utilized intervals up to 2000 ms and
found significant congruency effects. In their study, participants were
tasked with smelling an odorant before grasping an object presented in
central vision. The results indicated that, when the odor evoked an ob-
ject larger or smaller than the target, it influenced the timing and
amplitude of maximum hand aperture. This suggests that cross-modal
links between olfaction and vision can exert a discernible impact on
goal-directed actions, even with extended intervals. This discrepancy in
findings highlights the intricate nature of cross-modal interactions and
underscores the need for further research to explore how different in-
tervals may lead to either congruency effects or NCE in forced-choice
tasks involving odor primes and visual targets.

5. Conclusions

In summary, we revealed that both common odors and body odors
can modulate the discrimination of the action intentions of external
agents. The effect of odor stimuli is revealed only when the discrimi-
nation involves more ambiguity. We propose a negative arousal
compatibility-like effect to explain our experimental results, where
compatible olfactory and visual evidence yields to interference effects
through two different mechanisms, reflected in slower response la-
tencies at discriminating action intentions. Our results also seem to align
with the predictions of the self-inhibition account that explains negative
compatibility effects. More research is needed to further disentangle this
phenomenon, for instance, by controlling parametrically the time be-
tween primes and targets to account for both positive and negative
compatibility effects. Furthermore, future research might include
objective and real-time arousal assessment, such as skin conductance
response or EEG activation to account for the compatibility of the par-
ticipants’ arousal level at the moment of smelling the odors and
observing the visual stimuli.
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