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ARTICLE INFO ABSTRACT

Keywords: Bodily signals influence high-order cognitive and emotional processes, including social decision making. Here,

I“temcePﬁf)“ we examined whether individual differences in the capacity to read signals from inside (interoception) and

E"temtce‘mon outside the body (exteroception) predicted participants' (dis)honesty. Deceptive behavior was measured in a card
onesty

game where participants were tempted to lie to another person for financial gain in two conditions, i.e., under
high vs. low risk of being seen by the other player (reputation risk). Participants completed the Heartbeat
Counting Task (cardiac interoception) and a variation of the Body-Scaled Action Task (visual exteroception).
Overall, when participants believed their reputation was at risk (i.e., the other player knew they lied) they told
significantly less egoistic lies compared to when their choices were secret. This effect was significantly moderated
by cardiac interoception. While low interoceptive participants told less egoistic lies when their reputation was at
risk, high cardiac interoceptive participants did not change their behavior depending on the reputation risk
conditions. We also found that cardiac interoception and visual exteroception did not correlate. Together our
findings suggest that although integrated, interoception and exteroception constitute distinct facets of corporal
awareness, and that high cardiac interoception shapes moral behavior by making people less concerned about

Moral decision-making
Social reputation

their social reputation during spontaneous lies.

1. Introduction

As human beings interacting within a social environment, we are
typically aware of having a body, controlling its movements, and being
located in it (Craig, 2010; Herbert and Pollatos, 2012; Park and Blanke,
2019; Seth, 2013). This awareness, termed bodily self-consciousness
(BSQ), relies on the processing of bodily signals arising across different
sensory modalities. Other than the traditional senses of touch, vision,
taste, and smell, known as “exteroceptive” body signals, “interoceptive”
signals such as respiratory, cardiac, and gastric activity, constantly
inform us about the internal state of the body. According to Embodied
Cognition theories, the integration of the mental and neural representa-
tion of these signals, which are processed by dedicated (Farb et al., 2013;
Hurliman et al., 2005), but highly interconnected (Simmons et al., 2013)
brain networks, not only underlies our conscious and continuous sense
of “self” (e.g., Adler et al., 2014; Aspell et al., 2013; Monti et al., 2020;
Suzuki et al., 2013), but can influence how we think, feel, and even
behave (Critchley et al., 2002; Doll et al., 2016; Garfinkel and Critchley,

2016; Iodice et al., 2019; Ponsi et al., 2019; Wicker et al., 2003).
Research has consistently shown how individual differences in bodily
self-consciousness are tied to differences in cognitive ability, emotional
function, and decision making (Dunn et al., 2010; Fiistos et al., 2013;
Herbert et al., 2007, 2011; Piech et al., 2017; Sokol-Hessner et al., 2015)
and implicated in a large number of psychiatric disorders (see Khalsa
et al., 2018 for a review).

With roots in self-awareness theory (Duval and Wicklund, 1972),
evidence suggests that self-awareness (that is, the direction of attention
to the self as an object) can influence judgements about physical aspects
of the self (Pennebaker, 1982; Silvia and Gendolla, 2001) and even so-
cial behavior such as pro-sociality (Canigueral and Hamilton, 2019;
Froming et al., 1998; Lewis et al., 2021) and honesty (Bender et al.,
2018; Pryor et al., 1977). The heightened presence of - or attention to-
wards - interoceptive signals has been shown to shift social behavior
towards immoral and egoistic outcomes. Specifically, in the presence of
hunger, thirst, and sexual arousal, people have been shown to take more
risky and immoral decisions (Ditto et al., 2006; Loewenstein, 1996;
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Williams et al., 2016), including cheating (Williams et al., 2016).
Moreover, asking participant to pay attention to bodily signals like pain
or their heartbeat can lead to less empathetic and more egoistic
behavior. A popular economic game used to measure this type of moral
behavior is the ultimatum game (UG). In this game, a player (the pro-
poser) is given a sum of money and asked to propose a split between
themselves and another player (the responder), who can then accept or
reject the offer. If the responder accepts, the money is split as proposed
and, if they reject, nobody receives any money. Receiving painful stimuli
on oneself has been shown to cause diminished fair offers as proponent
and greater acceptance rates as receiver (Mancini et al., 2011). In a
version of the UG in which pain was used as a payoff (instead of mon-
etary compensations), the perception of pain itself was modulated by the
perceived fairness of the offers (Nicolardi et al., 2020). Similarly, asking
players in the UG to pay attention to the their own heartbeat (compared
to other people's heartbeat or the sound of footsteps) also led proponents
to make more unfair offers and recipients to report a greater sense of
injustice to unfair offers (Lenggenhager et al., 2013). However,
enhanced attention towards internal bodily signals is not always asso-
ciated with an increased self-centered perspective, as shown by evidence
that a higher capacity to detect heartbeats is linked to increased social
connection (for a review see Arnold et al., 2019) and even more altru-
istic behavior in the ultimatum game (Piech et al., 2017).

In contrast with the existing evidence for a role of interoception in
social behavior, to our knowledge, no study so far has investigated how
the awareness of ones' own exteroceptive bodily signals can influence
processes such as moral decision-making. However, studies have found
that moral and prosocial behaviors are predicted by public self-con-
sciousness (Aleassa et al., 2011, Jeong, 2020) that is the tendency to
focus on aspects of the self that are visible to others which, according to
Scheier and Carver's (1983) Self-Regulation Theory, is a form of self-
focused attention that is distinct from private self-consciousness (i.e.,
the tendency to pay attention to the self introspectively). In experi-
mental studies of self-consciousness, devices such as mirrors or pictures
of oneself are believed to induce private self-consciousness, whereas
cameras or an audience to induce public self-consciousness (Carver,
2002; Davies, 2005). Ainley et al. (2013) showed that private self-focus
(induced by asking participants to focus on a picture of oneself)
increased performance in a task of cardiac interoception (the heartbeat
counting task; Schandry, 1981), whereas Durlik et al. (2014) found that,
while public self-focus (induced when partiparticipants were filmed by a
camera) had no effect on performance in the same task, it increased
performance in a measure of somatic/tactile detection, which relies on
exteroceptive cues. Interestingly, also morality seems to have a private
and a public dimension depending on the motivation to act, and can be
distinguished into internalized (i.e. linked to the intrinsic personal
importance given to moral conduct) and symbolized (i.e. linked to the
importance given to appearing moral to others) morality (Aquino and
Reed, 2002). Consistently, it has been shown that the risk of being seen
by others decreases interpersonal deception (Azevedo et al., 2018;
Panasiti et al., 2011, 2014, 2016) and requires the regulation of one's
own sympathetic activity (Panasiti et al., 2016).

Thus, given the threat to society posed by unethical and dishonest
behavior, and the importance of body awareness in influencing social
decision-making, the main purpose of this study was to provide behav-
ioral evidence for the theoretical association between separate di-
mensions of moral behavior (internalized and symbolized morality) and
different dimensions of bodily self-consciousness (private and public self-
consciousness). We investigated if and how individual differences in
awareness of the inside (interoception) and outside (exteroception) body
predicted participants' moral behavior, measured as the tendency to lie
in different social contexts i.e., when their actions were transparent to
other players or not. Moral behavior was measured using the Tempta-
tion to Lie Card Game (TLCG; Azevedo et al., 2018; Panasiti et al., 2011,
2014, 2016; Parisi et al., 2021; Schepisi et al., 2020), in which partici-
pants can spontaneously lie to receive a monetary compensation.
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Participants played the game in conditions in which their choices were
secret or transparent to the other player, thus putting the participants'
moral reputation at risk by subjecting their actions to the scrutiny of
others.

Different ways to examine individual differences in body awareness
exist in the literature: for example, tasks of visual body awareness
(Guardia et al., 2010; Valenzuela-Moguillansky et al., 2017) and somatic
detection (Durlik et al., 2014) are used to measure awareness of classical
exteroceptive senses, and many tasks have been devised to measure
awareness of the visceral body, the most widely used of which are
related to the detection of cardiac signals (Azevedo et al., 2016;
Schandry, 1981; Whitehead et al., 1977). Finally, questionnaire mea-
sures are also widely used to assess the self-reported tendency to pay
attention to different types of body signals. Self-report is typically
referred to as “sensibility” and has been shown to be unrelated to per-
formance in the previously mentioned behavioral tasks - termed “ac-
curacy” (Garfinkel et al., 2015). Here, to measure cardiac interoceptive
accuracy and visual exteroceptive accuracy respectively (henceforth
referred to as “cardiac interoception” and “visual exteroception”, for
simplicity), we used a traditional heartbeat counting task (HCT;
Schandry, 1981), in which participants were asked to be as accurate as
possible in mentally counting their perceived heartbeats, and a modified
version of the Body-Scaled Action Task (BSAT; Guardia et al., 2010), in
which participants provided visual judgements about whether or not
their body could pass through a series of projected doors of varying
dimensions. We selected a task of visual body awareness, as the visual
body is the most accessible to others and thus conceptually the closest to
public self-consciousness. In addition to the objective measures, we
asked participants to complete self-report questionnaires.

We expected to replicate the finding that reputational risk influences
participants' deceptive behavior in the TLCG, causing them to tell less
egoistic lies when reputation is at risk, compared to when it is not
(Azevedo et al., 2018; Panasiti et al., 2011, 2014, 2016). Also, we hy-
pothesized that this main effect would be moderated by participants'
levels of cardiac interoception and visual exteroception. As we expected
visual exteroception to be more connected to the symbolized dimension
of morality (the importance given to appearing moral to others), we
predicted that people with higher visual exteroception would modify
their moral behavior more when reputation was at risk, telling signifi-
cantly less egoistic (and potentially more altruistic) lies compared to
when their actions were secret. Differently, we hypothesized that par-
ticipants who showed better cardiac interoception, which is widely
associated with emotional regulation, introspection, and stability,
would present greater internalized morality (the intrinsic importance
given to morality) rather than symbolized morality (importance of
appearing moral to others) and thus present more stable moral behavior
(less susceptible to social influence). Specifically, we predicted that
participants with higher cardiac interoception, would tell a similar
number of egoistic and altruistic lies regardless of whether their repu-
tation was at risk or not.

2. Methods and materials
2.1. Participants

A power analysis (power = 0.9; a = 0.05) for general linear models
with 11 regressors (pwr package for R) based on the average effect size (i.
e., a partial eta square of 0.25) of previous studies investigating the ef-
fects of reputation on deception in the Temptation to Lie Card Game,
TLCG (Azevedo et al., 2018; Panasiti et al., 2014, 2016; Schepisi et al.,
2020) was conducted to estimate the sample size. The number of re-
gressors was calculated in order to test the interactions of cardiac
interception and visual exteroception on participants' tendency to tell
egoistic or altruistic lies in different reputation conditions. According to
the power analysis, a sample of 65 participants would be sufficient to
detect similar effects on the plasticity of deceptive behavior. However,
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given the typical post-experimental exclusion criteria associated with
the paradigm (see Measuring moral behavior: The Temptation to Lie
Card Game paragraph), we recruited around 30% more participants.
Eighty-four healthy volunteers (41 males, age [mean (M) = 24.77,
standard deviation (SD) = 4.44]) reached via the laboratory volunteer
database, took part in the study. They did not report any diagnosed
neurological, psychiatric, or cardiac disorders, or that they took related
medication. All of them were required to be naive to the purpose of the
study and additionally to the TLCG paradigm. Participants were asked to
abstain from consuming substances that could alter activity of the
autonomic nervous system (e.g., nicotine, caffeine, or alcohol) for at
least 2 h prior to the experimental session. A total of 13 participants
were not considered in the statistical analyses because they manifested
suspicion regarding the TLCG procedure (see Supplementary Materials
for details concerning the manipulation check procedure). The final
sample consisted of 71 participants (33 males, age [M = 24.69, SD =
4.57]). The study was approved by the Ethics Committee of the
Department of Psychology, Sapienza University of Rome and was in
accordance with the 1964 declaration of Helsinki.

2.2. Measures

2.2.1. Measuring moral behavior: the Temptation to Lie Card Game
(TLCG)

The Temptation to Lie Card Game (TLCG; Azevedo et al., 2018;
Panasiti et al., 2011, 2014, 2016; Schepisi et al., 2020) is a zero-sum
economic game between two players: the participant and the oppo-
nent. The opponent starts the game by selecting one out of two covered
cards: the ace of hearts is associated with a monetary reward, whereas
the ace of spades is associated with no reward. The remaining card goes
to the participant. However, the opponent does not immediately know
which card s/he picked. Indeed, the card selected by the opponent is first
shown to the participant, who must communicate the outcome to him/
her. In doing so, the participant knows that s/he can tell the truth,
accepting the outcome of the game, or lie and change it. Specifically, if
the opponent picked the ace of hearts and won (unfavorable outcome),
the participant can lie to reverse the outcome to their own advantage
(egoistic lie). If the opponent picked the ace of spades (favorable outcome),
the participant can lie to reverse the outcome to the opponent's advan-
tage (altruistic lie). See Fig. 1 for a schematic representation of the TLCG.
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During the instructions stage, participants were told they would take
part in a study examining the role of body awareness in social decision-
making, and that they would play a card game on the computer against a
participant whose card choices had been previously recorded. This
opponent did not really exist, and participants played against an algo-
rithm that won half of the time and lost the other half. Instructions,
stimuli presentation, and response collection were handled using E-
Prime 2 software (Psychology Software Tools, Pittsburgh, PA). We
informed the participants that the game consisted of four blocks of 16
trials each: two of these blocks would be played in a high reputation risk
condition, in which there was a very high probability that the opponent
would find out whether they had lied or told the truth in those trials, and
a pair of open eyes would be shown at the top of the game screen; the
other two blocks would be played in the low reputation risk condition, in
which the probability that the other player would discover their de-
cisions would be very low, and a pair of closed eyes would be shown at
the top of the screen. Participants were told that each trial would start
with two uncovered cards displayed on the screen, and that the card
picked by the opponent would be presented larger. The position of the
larger card on the screen (left or right) was counterbalanced. Using one
of two keys on the keyboard, participants were asked to select which
card to show the opponent: they could show the card the opponent really
picked or lie and show them the other one. The order of the blocks was
counterbalanced for all participants. A familiarization session was
included to make sure participants correctly understood the in-
structions, and four trials per block were added as an attentional control
measure. In these trials, the cards appearing on screen were the same
(two hearts or two spades) and participants were instructed to withhold
from pressing any key until the next trial appeared. To test whether
participants believed they were playing against a real opponent, par-
ticipants completed a manipulation check questionnaire measuring their
involvement in the game and their perception of the opponents' game
strategies (see Supplementary materials).

2.2.2. Cardiac interoception: the heartbeat counting task (HCT)

As a measure of cardiac interoception, participants completed the
heartbeat counting task (HCT; Schandry, 1981). In four randomized in-
tervals lasting 25, 35, 45, and 100 s, participants were asked to mentally
count their felt heartbeats without relying on external cues (e.g., taking
their pulse). The time intervals were delimited by two auditory tones

MEASURING BODY AWARENESS
CARDIAC

\
O ——4—~ @

START @ ) @ stop
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VISUAL
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Fig. 1. Experimental tasks for measuring deceptive behavior and interoceptive and exteroceptive corporeal awareness.
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delivered through a set of headphones. Participants were explicitly
asked not to estimate the number of heartbeats they believed occurred
between the two tones, but to only count heartbeats they truly
perceived. At the end of each trial, participants reported the number of
felt heartbeats using the keyboard. During the task, participants' real
heartbeats were recorded using a two-electrode portable custom-made
logger for electrocardiogram (ECG) signals (MyHeart). At the end of
the four blocks, participants were also asked to judge their perceived
confidence in the task performance, using a visuo-analogue scale (VAS)
ranging from 0 = “not confident at all” to 100 = “extremely confident”.
Instructions, trial order, and response collection were handled by E-
Prime 2 software (Psychology Software Tools, Pittsburgh, PA). A sche-
matic figure of the heartbeat counting task is shown in Fig. 1.

2.2.3. Visual exteroception: the body-scaled action task (BSAT)

As a behavioral measure of visual exteroception, participants
completed a modified version of the body-scaled action task (BSAT;
Guardia et al., 2010). In the original task, participants judge whether
their body can fit through fifty-one apertures varying from 30 to 80 cm
in width. A “passability rate” is calculated by dividing the perceived
critical aperture for which participants gave a 50% positive response
rate by their actual shoulder width. To better account for differences in
participants' size - and have an equal number of smaller and larger doors
- we based the size of the doors on participants' real dimensions and
calculated the accuracy of responses instead of a passability rate.
Furthermore, to minimize effects due to possible misperceptions in body
schema, such as those present in people with eating disorders (Keizer
et al., 2013; Metral et al., 2014; Provenzano et al., 2019), we also
included doors varying in height. This evaluation should be less affected
by possible cognitive distortions. Finally, to measure individual differ-
ences in spatial awareness which might affect our measure of visual
exteroception, we also asked participants to give judgements about
whether a non-body object, i.e., a table placed in front of them, could
pass through a number of projected doors. In this condition, the di-
mensions of the doors were adapted to those of the table (height = 78
cm; width = 65 cm).

Before beginning the task, participants' height and shoulder width
were measured by the experimenter and inserted into E-Prime software,
through which a series of personalized visual stimuli (i.e., open doors)
were projected on the white wall. Participants stood at a 5-meter dis-
tance from the wall on which the doors were projected. During the task,
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2.2.4. Self-report measures of interoceptive and exteroceptive sensibility

Participants completed the Noticing sub-scale of the Multidimen-
sional Assessment of Interoceptive Awareness (MAIA-2; Mehling et al.,
2018) (a = 0.44) which includes four items measuring awareness of
uncomfortable, comfortable, and neutral body sensations (e.g., “I notice
changes in my breathing, such as whether it slows down or speeds up”)
and the Exteroceptive Body Awareness questionnaire (EBA; Vabba et al.,
in prep) (a 0.77), a 17-item questionnaire measuring subjective
awareness of the body based on the processing of visual, tactile, and
olfactory information (e.g., “I understand immediately if I will be able to
pass under a low ceiling, without bending over”).

2.3. Procedure

An illustration of the general procedure is shown in Fig. 1. The
experiment took place in a single session lasting about 1 h. Upon arrival,
participants were informed they were participating in a study examining
the role of body awareness in social decision-making and read and
signed the informed consent. They first took part in the TLCG and then
completed, in counterbalanced order, the two tasks measuring cardiac
interoception and visual exteroception, i.e., the heartbeat counting task
(Schandry, 1981) and the body-scaled action task (Guardia et al., 2010)
respectively. The TLCG always preceded the body awareness measure-
ments in order to avoid any type of possible self-focused attentional
carryover effects on the social decision-game.

After the three tasks, participants were given a link to fill in, via the
Survey Monkey platform (www.surveymonkey.com), the self-report
measures of body awareness (the Noticing subscale of the MAIA-2 and
the EBA questionnaire). A full debrief on the TLCG procedure and on the
purpose of the study was provided at the end of the data collection.

2.4. Data preprocessing

2.4.1. Cardiac interoception

A Matlab (The MathWorks, Inc.) custom script was used to identify
and count the number of R-wave peaks on the ECG trace, which was also
visually inspected for artefacts. Cardiac interoception was then calculated
as the ratio of perceived to real heartbeats averaged across all trials,
using the following formula:

Cardiac interoception = Y% Z(l — [|recorded heartbeats — counted heartbeats||/recorded heartbeats ).

participants observed each door with no time constraints and judged
whether their body (or the table) could pass through or not without
turning sideways or bending, by replying “yes” of “no” by means of a
keyboard placed in front of them. Four conditions were presented, based
on: 1) the dimension (width or height) that was manipulated and 2)
whether participants gave judgements about their body or the table
(“body width”, “body height”, “table width”, and “table height”). Each
of the four conditions was presented in separate blocks which consisted
of 21 trials and 4 practice trials. Specifically, within each block doors
varied in steps of 1 cm up to 10 cm larger (/taller) or thinner (/shorter)
than participants' (or the table's) actual width (/height) while the other
dimension (width or height respectively) remained fixed at 20 cm more
than the participants' (or the table's) dimensions. The order of trials and
blocks was randomized. At the end of the task, participants judged their
perceived level of confidence for each block, using a visuo-analogue
scale (VAS) ranging from 0 = “Not confident at all” to 100
“Extremely confident”. A schematic figure of the body-scaled action task
is in Fig. 1.
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Thus, scores closer to 1 indicated higher performance in the HCT.
The internal consistency score across all trials of the HCT was high (a =
0.94).

2.4.2. Visual exteroception

Visual exteroception was calculated using signal detection theory
(SDT; Stanislaw and Todorov, 1999). For each block of the BSAT, par-
ticipants' responses were categorized as hits (participants accurately
judged that they could pass through the door), misses (participants
judged that they could not pass through the door when they could), false
alarms (participants judged that they could pass through the door when
they could not), and correct rejections (participants accurately judged
that they could not pass through the door). Hit rate and false alarm rate
were used to calculate, using the psycho package for R Studio, the
d’ which was considered as the final measure of visual exteroception. To
investigate if participants' visual exteroception was associated with a
general spatial awareness measure, we correlated the d’ for the bodily
trials with the d’ for table trials.
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2.5. Main analysis

To test the relationship between behavioral and self-report body
awareness measures, we performed Pearson's correlations and, when
non-significant results were obtained, Bayesian correlations to test the
null hypotheses (using the open-source software JASP Version 0.14.1;
2020). To test the potential moderating effect of cardiac interoception
and visual exteroception on participant's tendency to tell egoistic or
altruistic lies in different reputation conditions, we performed multi-
level log-linear regression analysis (generalized linear mixed effects
model, GLMM) using the R package Ime4 v 1.1-23 (Bates et al., 2015).
Generalized multilevel mixed models are the most appropriate statistical
method to use in case of a binary dependent variable and a mix of within
and between-subject predictors (Jaeger, 2008). Our model included the
tendency to lie as the dependent dichotomous variable (Truth = 0; Lie =
1), Reputation (High Risk = 0; Low Risk = 1) and Outcome (Favorable =
0; Unfavorable 1) as within-subject predictors and cardiac inter-
oception and visual exteroception scores as between-subject moderating
variables:

Tendency to lie ~ (1 + Reputation*Outcome|Participant) + Outcome
*Reputation*(cardiac interoception + visual exteroception)

Each trial of each participant was considered as a separate obser-
vation, for a total of 64 observations per participant. To deal with the
non-independence of the dataset, we selected as random effects the
random intercept on participant, the random slopes of the within-subject
factors, and their interaction. To determine the statistical significance of
our fixed effects predictors, we conducted a Type III Wald Anova using
the car package for R. Post-hoc comparisons were performed with the R
emmeans package and Bonferroni correction was used for multiple
comparisons. Post-hoc analyses were conducted using the simple slopes
function of the R reghelper package. Graphs were created using the R
packages ggplot2, emmip, and ggeffects. To evaluate model fit we report
the marginal and conditional R

3. Results
3.1. Interoceptive and exteroceptive bodily awareness

Cardiac interoception (M = 0.46, SD = 0.22) and visual exter-
oception (M = 1.72, SD = 0.58) did not correlate (r = 0.07, p = .549, BF
= 0.177) suggesting that they constitute distinct facets of corporal
awareness. There was however a moderate (Dancey and Reidy, 2011)
significant correlation between subjective measures of interoceptive and
exteroceptive sensibility (r = 0.32, p = .007, * = 0.10) as measured by
scores in the Noticing subscale of the MAIA-2 (M = 3.02, SD = 0.74) and
the EBA questionnaire (M = 60.43, SD = 6.95). This suggests that the
self-reported tendency to notice bodily signals across different sensory
modalities (interoceptive and exteroceptive) might share similar pro-
cesses. Within each modality (interoceptive and exteroceptive), cardiac
interoception did not correlate with the Noticing sub-scale of the MAIA-
2 (r = 0.13, p = .309, BF = 0.254) and visual exteroception did not
correlate with the EBA questionnaire (r = 0.07, p = .551, BF = 0.176).
Finally, the correlation between visual exteroception and the d’ prime

Table 1
Percentage of lies vs. truths in all experimental conditions calculated on the total
amount of trials in each condition.

% of lies vs. truths

Total lies (64 trials) 19.44%
Egoistic lies (32 trials) 29.34%
Altruistic lies (32 trials) 9.50%
Egoistic lies in High reputation risk (16 trials) 26.40%
Egoistic lies in Low reputation risk (16 trials) 32.31%
Altruistic lies in High reputation risk (16 trials) 9.69%
Altruistic lies in Low reputation risk (16 trials) 9.31%
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for the control measure of spatial awareness (M = 0.56, SD = 0.19), was
not significant, although Bayes factor was inconclusive (r = 0.23, p =
.054, BF = 0.925) so it is unclear whether or not visual exteroception
relies on processes other than just participants' general spatial aware-
ness. We also measured overall confidence in responses in the heartbeat
counting task (M = 0.49, SD = 0.26) and in the body-scaled action task
(M = 0.69, SD = 0.15).

3.2. Bodily awareness and deceptive behavior

Percentages of lies vs. truths in all experimental conditions are re-
ported in Table 1.

Our main analysis tested the potential moderating effect of cardiac
interoception and visual exteroception on participant's tendency to tell
egoistic or altruistic lies in different reputation conditions. The results of
the Type III ANOVA of the model can be found in Table 2. Overall, the
model had a marginal R? = 0.125 and a conditional R? = 0.628.

The model showed a significant main effect of Outcome on tendency
to lie, indicating that participants told more egoistic than altruistic lies
(b =1.44, SE = 0.38, y2 = 14.48, p < .001), i.e., they lied more to gain
personal monetary reward than to give the monetary award to the other
player. Also, the Outcome x Reputation interaction was significant (b =
0.87, SE = 0.41, y2 = 4.35, p = .037) highlighting the role of social
reputation in the participant's decision to lie for egoistic vs. altruistic
purposes. Post-hoc tests revealed that this effect was explained by the
fact that participants told less egoistic lies when reputation was at high
risk compared to when it was at low risk (b = —0.57, SE = 0.19, z-ratio =
—2.92, p = .021). Differently, the number of altruistic lies remained
unvaried across reputation conditions (b = 0.45, SE = 0.38, z-ratio =
1.19, p = 1.000) (see Fig. 2).

There was no significant interaction between Outcome x Cardiac
interoception (b = 0.36, SE = 0.63, y2 = 0.32, p = .57). Interestingly, we
found that cardiac interoception moderated the effects of reputation on
the different types of deception, as evidenced by a significant Outcome
x Reputation x Cardiac interoception interaction (estimate = —1.21, SE
=0.50, y2 = 5.88, p = .015). To qualify this interaction, we used simple
slopes analysis which revealed that when cardiac interoception was low,
participants told less egoistic lies (b = 0.82, SE = 0.25, t-value = 3.27, p
< .001, upper CI = 1.30, lower CI = 0.33) in the high vs. low reputation
risk condition (Fig. 3). This was not the case for high cardiac inter-
oception participants, who told the same number of egoistic lies
regardless of whether their reputation was or not at risk (b = 0.31, SE =
0.24, t-value = 1.28, p = .198, upper CI = 0.78, lower CI = —0.16)
(Fig. 3). The number of altruistic lies remained unvaried in both high
and low risk reputation conditions, regardless of the cardiac inter-
oception score (all p-values > .05). With respect to the moderating role

Table 2

Effects of Outcome (favorable vs. unfavorable trial), Reputation (high risk vs.
low risk), cardiac interoception and visual exteroception on participants' ten-
dency to lie.

X p
Intercept 98.67
Outcome 14.48
Reputation 0.93
Cardiac interoception 0.63
Visual exteroception 0.001
Outcome * Reputation 4.35
Outcome * Cardiac interoception 0.32
Outcome * Visual exteroception 0.39
Reputation * Cardiac interoception 2.52 112
Reputation * Visual exteroception 0.49 .486
Outcome * Reputation * Cardiac interoception 5.88 .015%*
Outcome * Reputation * Visual exteroception 1.12 .289

" Significance at p < .001.
™ p<.0L
" p<.05.
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Fig. 2. Effects of Reputation and Reality on the probability of telling egoistic
and altruistic lies (estimated marginal means). In general, participants tell less
egoistic lies when their choices were very likely to be seen by the other player
(high reputation risk, dotted red line) compared to when their choices were
very likely to remain secret (low reputation risk in blue). * indicates signifi-
cance at the p < .05 level. (For interpretation of the references to color in this
figure legend, the reader is referred to the web version of this article.)

of cardiac interoception on deceptive behavior in all our experimental
conditions, the simple slopes analysis revealed no other significant ef-
fects i.e., all relevant p-values were above the Bonferroni-corrected
threshold for significance (p-values > .003).

There was no significant main effect of Visual exteroception on the
tendency to lie (b = —0.01, SE = 0.55, y2 = 0.001, p = .979) and no
significant interaction between Outcome x Visual exteroception (b =
0.42, SE = 0.67, y2 = 0.39, p = .532) nor between Outcome x Repu-
tation x Visual exteroception (b = —0.59, SE = 0.56, y2 = 1.12, p =
.289), suggesting that visual exteroception did not moderate the effect of
reputation on the participants' tendency to lie for egoistic and altruistic
purposes.

A similar model tested whether the effects of Reputation and
Outcome on the tendency to lie were moderated by self-reported body
awareness (i.e., scores in the Noticing sub-scale of the MAIA-2 and the
EBA questionnaire). However, neither of the personality traits measured
through self-report questionnaires moderated the effect or Reputation
on the tendency to tell egoistic or altruistic lies, as evidenced by non-
significant triple interactions in the model (see Table 3).
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4. Discussion

In this study we examined whether individual differences in partic-
ipants' level of cardiac interoception and visual exteroception differen-
tially predicted the effects of social reputation on deceptive behavior
measured by using an ecological experimental setting, i.e., the Temp-
tation to Lie Card Game, TLCG (Azevedo et al., 2018; Panasiti et al.,
2011, 2014, 20165 Schepisi et al., 2020). In this card game participants
were tempted to lie to another person for financial gain and could do it
in two different conditions: one in which their actions were very likely to
be transparent to the other player and one in which their actions
remained very likely hidden. In line with previous findings (Azevedo
etal., 2018; Panasiti et al., 2011, 2014, 2016) we found that participants
generally changed their behavior based on whether their reputation was
at high or low risk, telling significantly less egoistic lies when they
believed their actions were seen by the other player (high reputation
risk).

With respect to cardiac interoception and visual exteroception, we
found that the performance in the two tasks (i.e., the heartbeat counting
task and the modified version of the body-scaled action task, respec-
tively) did not correlate. Differently, we found that the Noticing sub-
scale of the MAIA-2 questionnaire and the EBA questionnaire showed

Table 3

Effects of Outcome (favorable vs. unfavorable trial), Reputation (high risk vs.
low risk) and self-reported body awareness (EBA and Noticing of the MAIA-2
questionnaires) on tendency to lie.

X p
Intercept 98.13 <.001***
Outcome 8.00 .005%*
Reputation 2.34 126
Noticing (MAIA-2) 0.70 .403
EBA 0.02 .874
Outcome * Reputation 7.29 .007+*
Outcome * Noticing (MAIA-2) 2.96 .086
Outcome * EBA 1.51 .219*
Reputation * Noticing (MAIA-2) 0.30 .585
Reputation * EBA 0.13 .720
Outcome * Reputation * Noticing (MAIA-2) 0.15 .698
Outcome * Reputation * EBA 0.04 .844

Model fit: Conditional R = 0.65, marginal R 0.13.
™" Significance at p < .001.
™ p<.0l.
* p<.05.

Fig. 3. Cardiac interoception moderates the effect of
reputation (high vs. low risk) on the probability of
telling egoistic lies (estimated marginal means).
While participants who scored low in cardiac inter-
oception reduced egoistic lies when their actions
were likely transparent to the other player (high
reputation risk, dotted red line) compared to when
their actions were likely secret (low reputation risk,
blue line), participants who scored high in cardiac
interoception did not. *indicates significance at p <
.05. The grey areas around the regression lines indi-
cate the 95% Confidence Intervals (CIs). (For inter-
pretation of the references to color in this figure
legend, the reader is referred to the web version of
this article.)
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a moderate correlation (Dancey and Reidy, 2011). Thus, behavioral
measures of cardiac interoception and visual exteroception did not
correlate while the self-reported measures of interoception and exter-
oception did. This suggests that while the general tendency to pay
attention to interoceptive and exteroceptive body signals may be
related, domain specific measures of accuracy (e.g., cardiac inter-
oception and visual exteroception) are distinct components of body
awareness and might have distinct effects on higher order cognitive
processes, such as moral behavior.

Interestingly, in line with our main hypothesis, results show that
cardiac interoception significantly moderated the effect of social repu-
tation on deceptive behavior. In fact, while participants who scored low
in cardiac interoception showed the observed main effect of reputation
on lying (i.e., they told significantly less egoistic lies when their repu-
tation was at high compared to low risk), participants who presented
higher cardiac interoception did not reduce the number of egoistic lies
when reputation was at risk. In line with classical theories suggesting
that self-awareness can influence social behavior (e.g., Duval and
Wicklund, 1972), this result suggests that people who are especially
good heartbeat perceivers may be less susceptible to social reputational
effects when making moral decisions. The stability of moral behavior
based on whether actions are visible to others is particularly relevant in
an age where interactions are increasingly occurring across virtual and
anonymous channels. That individuals with high cardiac interoception
are less susceptible to reputational concerns is in line with research
suggesting that high performance in the heartbeat counting task is
linked to a higher ability to cope with social exclusion, as evidenced by
less distress in response to ostracism in a cyberball paradigm (Pollatos
et al., 2015). Conversely, a similar effect of a smaller impact of repu-
tation on lying in this experimental paradigm has been shown in people
high in personality traits such as moral disengagement and manipula-
tiveness (Panasiti et al., 2011), who are less concerned about their social
image and with appearing moral to others (symbolized morality) (Aquino
and Reed, 2002). Other personality traits such as for example intro-
spection (Erle et al., 2021; Lyyra and Parviainen, 2018; Tao et al., 2020),
might modulate the effect of cardiac interoception on morality. Thus,
future studies might consider estimating the moderating role of
Machiavellianism, introspection, or additional personality traits.

It is also possible that being more accurate in detecting internal
bodily signals made participants less sensible to reputational concerns
and more tuned to intrinsic and stable moral traits (internalized morality).
This is in line with empirical research suggesting that higher awareness
of visceral signals is associated with greater emotional stability,
awareness, and regulation (Dunn et al., 2010; Fiistos et al., 2013; Her-
bert et al., 2007, 2011) as well as the tendency to pay attention to the
self introspectively focusing on thoughts, beliefs, and emotions, rather
than aspects of the self which are visible to others (Ainley et al., 2013;
Davies, 2005; Durlik et al., 2014). Moreover, these findings are in line
with theoretical models suggesting that interoception contributes to the
stability of the self, unifying its layers (from the material to the more
social and spiritual one) and constraining the degree to which the self is
affected by external influences (see Monti et al., 2021 for a recent re-
view). The finding that higher cardiac interoception is associated with
greater stability in moral behavior complements previous findings that
individual differences in interoception may play a role in moral
behavior, for example linking greater capacity to detect heartbeats with
more altruistic behavior in the ultimatum game (Piech et al., 2017).

In contrast with our prediction, we found that participants' visual
bodily exteroception did not moderate the effect of reputation on the
tendency to lie. The non-significant effect of visual exteroception could
be explained by several factors related to the experimental paradigm
and to the chosen exteroceptive modality. Our study required partici-
pants to give visual judgements related to a potential interaction be-
tween their body and an external object (the projected doors). This
process may rely on immediate cues regarding participants' sense of
their body in space and pre-registered visual knowledge of body shape
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and size in relation to other objects, but they may also rely on the par-
ticipants' general capacity to give spatial judgements, even if our evi-
dence in relation to this point was inconclusive (see the Bayes factor of
the correlation between body and table e trials in the BSAT). Further-
more, although this task is based on “pure” visual inputs, certain body-
relevant aspects of the task are tightly linked to the broader concept of
body image. Moreover, even if our sample was constituted by healthy
participants, their performance may have been influenced by body
image concerns and distorted body representations (Guardia et al.,
20105 Keizer et al., 2013; Beckmann et al., 2021). A previous study by
Durlik et al. (2014) found that social self-focus (being watched during
task performance) significantly affected performance in a somatosen-
sory discrimination task (SSDT) in which participants had to detect the
presence of tactile stimulations applied to the body, linking the capacity
to detect exteroceptive signals to public self-consciousness. Future
research using similar manipulations of public self-consciousness and/or
exteroception may provide better insight into its role in moral decision-
making.

Finally, our results also show that scores in the interoceptive and
exteroceptive questionnaires did not moderate the effect of social
reputation on the tendency to lie, in line with the idea that explicit
measures might be more affected by cognitive bias than implicit ones
(Furnham, 1986; van de Mortel, 2008). However, it is important to
underline that although the Noticing sub-scale of the MAIA-2 ques-
tionnaire is typically sub-optimal, i.e., below the standard criterion of
0.7 e.g., a = 0.68 (Cali et al., 2015) and a = 0.64 (Mehling et al., 2018),
the reliability score for the scale in our study was particularly low (i.e., @
= 0.44). Future research could investigate whether other more inter-
nally consistent measures of interoceptive sensibility may be linked to
moral decision-making, such as the Body Perception Questionnaire
(BPQ; Porges, 1993).

A limitation to the generalizability of the study's findings is that the
heartbeat counting task has recently come under some criticism (Brener
and Ring, 2016; Zamariola et al., 2018), which raises questions about its
validity as a measure of interoceptive accuracy. The scope of this con-
troversy is too large to be addressed in this paper, however, there is a
wide variety of physiological evidence in support of the task's validity,
including its relation to activity in interoceptive brain networks such as
the anterior insular cortex and its correlation with the heartbeat evoked
potentials in numerous studies (see comment by Ainley et al., 2020).
Given the current controversy, we suggest the inclusion of additional
measures of interoception (such as heartbeat detection tasks or tasks
tapping into other interoceptive modalities) in future research exam-
ining its link with moral behavior. Furthermore, future studies could
examine whether causal manipulations of interoceptive and exterocep-
tive bodily signal processing may lead to changes in deceptive behavior.
Studies of non-invasive physiological and brain stimulation techniques
that can enhance or impair somatosensory and visceral signal processing
may be highly relevant for addressing these issues.

To sum up, our findings suggest that people's moral behavior may be
influenced by individual differences in the capacity to accurately read
cues arising from within the body, and that this capacity may have
double effects, on the one hand increasing stability of the self and on the
other reducing the influences of external social cues. Coupled with ev-
idence that interoceptive accuracy is linked to altruistic behavior (Piech
et al., 2017), our finding that high cardiac interoception may be linked
to greater internalized morality and more stable moral behavior, should
encourage future research to increase the understanding of the link
between bodily self-consciousness and (dis)honest behavior. Finally,
this research can provide novel guidance to inspire policies that help
promote ethical behavior in social settings, by suggesting a focus on
internalized rather than symbolized morality, particularly in a society
where social interactions are becoming increasingly digitalized and
anonymous (e.g., social networks, online buying selling, distance
learning, smart working, etc.).
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