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HIGHLIGHTS

e Direct gaze was shown to increase bodily self-awareness.

o We tested if the belief to be watched by another triggers similar effect.

e Subjects’ accuracy in judging their body emotional arousal state was measured.

e We show that the belief to be watched lead to increased interoceptive accuracy.

e Basic mentalizing may be a key process in the self-awareness effect of direct gaze.

ABSTRACT

It has recently been demonstrated that eye contact influences bodily self-awareness.
Here, we investigated if the belief of being the target of another person’s attention may
also induce such influence. We created videos of an individual wearing two different
pairs of sunglasses. We manipulated the participants to believe that they were in on-line
connection with the individual and that one of the pairs of sunglasses was obstructed so
that the individual could not see them through it. We demonstrated that the perception
of an individual wearing see-through sunglasses, as compared to obstructed sunglasses
or a low-level baseline condition, led to a greater correlation between the participants’
rating of the intensity of their bodily reactions and their skin conductance response to
emotional pictures. This shows that the belief to be watched by another social agent
increases bodily self-awareness and further suggests that such belief is embedded in

direct gaze perception.

Keywords: Eye contact, mental state, interoception, bodily self-awareness, skin

conductance response



1. Introduction

Perceiving another’s gaze directed at the self (i.e. a ‘direct gaze’) has a powerful impact
on human cognition and behaviour and direct gaze has been proposed to be processed
by a specific brain network (Senju & Johnson, 2009). Besides capturing attention (Conty,
Tijus, Hugueville, Coelho, & George, 2006; Senju & Hasegawa, 2005; Senju, Hasegawa, &
Tojo, 2005), direct gaze perception facilitates memory for faces (Mason, Hood, & Macrae,
2004; Vuilleumier, George, Lister, Armony, & Driver, 2005) and discourses (Fullwood &
Doherty-Sneddon, 2006), it influences the perception that the beholder has of the gazing
individual (Napieralski, Brooks, & Droney, 1995), and it favours affiliative behaviours
(Nettle et al,, 2013; Wang, Newport, & Hamilton, 2011). Recently, another direct gaze
effect on human cognition has attracted researchers’ interest: direct gaze perception has
been shown to increase self-awareness (Baltazar et al, 2014; Ponkdnen, Peltola, &

Hietanen, 2011).

Ponkanen and colleagues (2011) reported that, in live interaction, subjective ratings of
“public self-awareness”, which reflects how much one is concerned toward aspects of
the self that are external and observable by others (Govern & Marsch, 2001), were
higher when seen faces displayed direct compared to averted gaze. Furthermore, we
recently showed that the perception of direct gaze - as compared to that of averted gaze
or of a mere fixation cross - also increased a private aspect of self-awareness, that is,
bodily self-awareness (Baltazar et al.,, 2014). In this experiment, bodily self-awareness
was measured in the form of the correlation between the participants’ ratings of the
intensity of their bodily reactions in response to emotional pictures and their skin
conductance response (SCR) to these pictures, which is associated with autonomic

sympathetic activation and reflects bodily arousal (Mendes, 2009). Therefore, direct



gaze perception induces greater sensitivity not only to aspects of the self readily
perceived by others but also to private aspects of self-awareness, which are related to
internal aspects of the self, not directly accessible to others’ gaze (Auzoult, 2013), such
as bodily self-awareness, i.e. the awareness of the afferent information that arises from

within the body (Cameron, 2001).

The idea that the perception of direct gaze may increase self-awareness is not new (see
Argyle, 1975; Reddy, 2003). It has been proposed that this direct gaze effect emerges
early during development and may play a fundamental role in the acquisition of
conceptual representations of the self (Reddy, 2003). Yet, this effect still remains to be
fully understood. In particular, the role played by the basic mentalistic belief of being the
target of another person’s attention (i.e. the belief to be watched), which is tightly
associated with direct gaze perception, is unknown. Here, we aimed at testing whether

such a belief may increase bodily self-awareness just as direct gaze does.

Recent studies have shown that mental state attribution plays an important role in gaze
perception. Namely, the neural coding and the behavioural attention orienting effect of
rightward and leftward averted gazes was reduced when participants believed that the
stimulus faces they saw were blinded (Teufel et al., 2009; Teufel, Alexis, Clayton, &
Davis, 2010). Moreover, believing that a robotic face reflected in live the intentional gaze
movements of an experimenter influenced the attention orienting effect of averted gaze,
as measured both at the behavioural level and at the level of attentional modulation of
early visual electroencephalographic evoked responses (Wiese, Wykowska, Zwickel, &
Miiller, 2012; Wykowska, Wiese, Prosser, & Miiller, 2014). Yet, the role of mental state

attribution in the effects of direct gaze remains to be investigated.



Only one previous study examined this question. Myllyneva and Hietanen (2015b) have
recently shown greater public self-awareness in participants believing that a person
displaying direct gaze could see them, as compared to when they believed that this
person could not see them. This result brought the first empirical evidence that the
‘belief to be watched by another person’ attached to direct gaze is essential to the
influence of direct gaze on self-awareness. However, public self-awareness concerns
external and observable aspects of the self that are directly relevant in a social context; it
is the awareness of how we appear to others, which emerges especially in situations
where people are at the centre of others’ attention (Govern & Marsch, 2001). It is thus
possible that the public dimension of self-awareness may be especially sensitive to the
belief to be watched. Here, we investigated whether this belief can influence a private

dimension of self-awareness, namely bodily awareness.

For this purpose, we amended the paradigm developed by Baltazar and colleagues
(2014), introducing a deception procedure inspired by Teufel and colleagues (2009). We
showed videos of an individual facing the participant and wearing either a red or a blue
pair of mirrored sunglasses, so that the eyes of the seen individual were not visible. The
participants were led to believe that they were in on-line connection with the individual,
and that one of the pair of sunglasses was obstructed so that the individual could not see
through it, by contrast to the other, see-through, pair of sunglasses. We thus created two
conditions contrasted in terms of the associated belief to be watched by the other
person or not, while maintaining identical low level visual properties of the stimuli. As
mentioned above, previous studies have shown that the belief to be in live connection
with another individual influences markedly the neural response to and the behavioural

attention orienting effect of averted gaze (Teufel et al., 2013; Wiese et al., 2012). For this



reason, we introduced a post-experiment debriefing interview, which allowed us to
check if the participant had actually believed to be in online connection with another
individual and to split the participants in two groups as a function of their belief in the

deception procedure.

The rest of the procedure was analogous to Baltazar and colleagues (2014). The
individual’s videos were shown as context stimuli preceding the presentation of
emotional pictures. We also introduced a low-level control condition, in which the
picture of a fixation cross was displayed as context stimulus. Our objective was to
investigate the influence of the context video preceding each emotional picture on
participants’ behaviour. We asked the participants to rate the intensity of their bodily
reactions in response to the emotional pictures and we recorded concomitantly the
participants’ physiological activity during the perception of the emotional pictures in the
form of the skin conductance response (SCR). SCR reflects sympathetic autonomic
nervous system activity and has been shown to be a good indicator of felt arousal
(Bradley, Codispoti, Cuthbert, & Lang, 2001; Lang, Greenwald, Bradley, & Hamm, 1993).
We computed the correlation between the SCR magnitude and the participant’s ratings
of the intensity of their bodily reaction on a trial by trial basis, in each type of context, to
measure interoceptive accuracy as an index of bodily self-awareness (Baltazar et al.,
2014). If the self-reports fit the physiological data, the participants may be considered to
be more accurately aware of their bodily states (Silvia & Gendolla, 2001). We expected
to find greater correlation between SCR magnitude and participants’ ratings when
participants believed to be watched by the individual as compared to the other

conditions.

2. Materials and Methods



Materials and methods were similar to those of Baltazar et al. (2014), except that the
context stimuli were constituted by videos of an individual wearing sunglasses and a
procedure of deception was added in order to make the participants believe that they

were in online interaction with this individual.

2.1.Participants

Thirty-five adults (mean age = 24 years, SD = 3.4; 14 men) participated in the
experiment. All participants had normal or corrected-to-normal vision and no
neurological or psychiatric history. All were right-handed, French speakers, and naive to
the aim of the experiment. Informed written consent was obtained from each
participant, in accordance with the Declaration of Helsinki. Each participant received a

payment of 20 Euros.

2.2.Stimuli

Emotional stimuli. The same forty-eight emotional pictures (24 positive and 24
negative) as in Baltazar et al. (2014) were selected from the International Affective
Picture Systems (IAPS; Lang, Bradley, & Cuthbert, 2008) to induce emotional experience
in our participants. These pictures were then selected according to three criteria: (i) The
picture should not depict eye contact or frontal faces. (ii) Each picture should be
consistently judged either positive or negative in an independent pretest that we
realised on 28 participants (for the selected emotional pictures more than 75% of the
participants agreed on the valence category provided by Lang et al., 2008). (iii) The final
sample of 48 selected pictures should have a robust continuous distribution of arousal
values from moderately to highly emotional (according to the values gathered in the

pretest and those reported by Lang et al.,, 2008). The selected emotional pictures were



then further divided in four sets of 12 stimuli: low positive, high positive, low negative,

and high negative.

Context stimuli. As described in details in the Supplementary Material, sixty-four videos
of 1.5 s duration featuring a man in 32 videos, and a female in the other 32 videos were
created to generate the ‘Observed’ and ‘Not-observed’ contexts. The featured individual
had a neutral expression and wore black sunglasses with a mirror effect to ensure that
his/her eyes were not visible. The frame of the sunglasses was red in half of the videos,

and blue in the other half, for both the male and the female individuals.

For the purpose of the deception procedure (see below), two additional short videos of
the two selected individuals were prepared where they did not wear any sunglasses. In
the first video, the individual was smiling and waving his/her hand in a greeting gesture.

In the second video, the individual made a thumbs-up gesture.

2.3.Experimental protocol

All participants completed an introduction/deception phase, followed by a
reinforcement phase (10min), the main experiment (30min), a post-test phase (5min),
and a debriefing (10min). The participants were seated at a distance of 70 cm from the
computer screen. The stimuli were presented in the centre of a 22-inches screen with a
resolution of 1280 x 1024 pixels. The models’ faces covered 12 degrees of visual angle
horizontally and 18 degrees vertically, the fixation cross covered 3-by-3 degrees and the

emotional pictures 39-by-24 degrees.

Each participant was exposed to the videos of a single stimulus individual (the male

individual for half the participants, and the female individual for the other half) and saw



once every video of that individual during the main experiment (n=32 videos, 16 with

red / 16 with blue sunglasses).

Deception phase. After having welcomed the participant, the experimenter explained to
him/her that another individual would be interacting with him/her through a webcam
during the experiment. This individual was explicitly named Alexis for the participants
confronted with the male individual and Nathalie for the participants confronted to the
female individual. Alexis (or Nathalie) was introduced as someone especially trained for
the necessities of the experiment and located during all the experiment in an adjacent
room. The experimenter explained to the participant that during the experiment, Alexis
(or Nathalie) would wear one of two pairs of sunglasses that had either a red or a blue
rim, one pair being obstructed and the other being see-through. Then, the experimenter
handed the two pairs of sunglasses to the participant. The participant was invited to try
on the two pairs of sunglasses, in order to experience by him-/her-self that the wearer
could see through one pair and not through the other pair (for half the participants, it
was the red pair that was obstructed, and the blue pair that was see-through; this was
reversed for the other half of the participants). The experimenter explained to the
participant that when the video connection would be established with Alexis (or
Nathalie), his/her own image would also be online broadcasted to Alexis (or Nathalie).
The experimenter then repeated that, as a function of which pair of sunglasses Alexis (or

Nathalie) would wear, he (or she) would either be able to see the participant or not.

Reinforcement phase. A training was first performed to strengthen the association
between the sunglasses rim colour and the belief of the participants. In each trial, the
photograph of an individual (who was neither Alexis nor Nathalie) wearing the red or

the blue sunglasses was presented to the participant. This photograph was extracted



from the videos of unselected individuals (see Supplementary Material), and incrusted
on a black background to emphasize its difference with the videos of Alexis and Nathalie.
On each trial, the participant had to indicate if the individual could see him/her or not by
a two-choice button press and a feedback indicated whether he/she had given the
correct answer. There were thirty-two initial trials and the sequence was programmed
to restart until the participant reached a minimum score of 90% of correct answers.

However, all participants reached this criterion within a single sequence of training.

To reinforce the deception procedure, after the training phase and before the start of the
actual experiment, the experimenter left the room for a few minutes pretending to go for
notifying Alexis (or Nathalie) that the experiment was about to start. Thereafter, the
experimenter came back and pretended to put the video connection on. The participant
then saw a video of 3.5 s showing Alexis (or Nathalie) smiling and greeting with the
hand, without any sunglasses on. The participant was invited to greet Alexis (or
Nathalie) in return. After giving the instructions of the experience itself (see below), a
live connection of 3 s with Alexis (or Nathalie) was again simulated, on the pretext of
telling Alexis (or Nathalie) that the experiment was starting. In this video, Alexis (or
Nathalie) made a thumbs-up gesture in answer to the experimenter’s notice. After this
last manipulation, the experimenter launched the main experimental task and left the

room.

Main experiment. Each trial was initiated by the presentation of a context stimulus for
1.5 s. This context stimulus was a video of Alexis (or Nathalie) wearing the see-through
sunglasses (Observed condition), a video of Alexis (or Nathalie) wearing the obstructed
sunglasses (Not-observed condition), or a fixation cross (Cross condition). We used 16

trials per context condition (for a total of 48 trials). The order of the conditions was
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pseudo-randomized so that any given experimental condition was not repeated more

than three times in a row.

Immediately after the context video ended, an emotional picture was presented for 6 s
(see Fig. 1). Then, a continuous vertical scale ranging from 0 to 100 was displayed until
the participant provided his/her response. The participants were instructed to focus on
the internal bodily changes that the emotional picture caused in them during its
presentation and to evaluate on this basis the intensity of their emotional reaction from
0 (not at all intense) to 100 (very intense) by moving a vertical cursor along the scale. It
was specified that the bottom of the scale corresponded to have felt completely relaxed,
quiet, calm, and without any particular bodily change induced by the picture, whereas
the top of the scale corresponded to have felt very stimulated, excited or nervous, with
intense bodily reaction to the picture. In addition, for a quarter of the trials, a new
screen appeared after the participant's response, displaying the words “Observé”, “Pas
Observé”, and “Croix” (Observed, Not-observed, and Cross) one alongside the other; the
participant had then to indicate which type of context stimulus had been presented
before the emotional picture. This constituted a secondary recall task to ensure that
participants paid attention to the context stimuli. Between trials, the screen remained
black for a duration varying randomly between 12 and 17 s in order to allow skin
conductance to return to baseline level. For each participant, the association between
the context video and the emotional stimuli was randomly assigned by E-prime 2.0
software (Psychology Software Tools Inc., Pittsburgh) with the constraint that every
emotional picture (n=48) was seen once during the experiment and that each category
of emotional picture (High Positive/Low Positive/High Negative/Low Negative) was

seen in equal proportion in each context condition (Observed/Not-observed/Cross).
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Post-test phase. After the experiment, the participant completed a post-test aimed at
ensuring that the association between the sunglasses rim colour and the participants’
belief had remained stable. The post-test was similar to the training, except that the
participant had no feedback on his/her answers. The individuals seen in the post-test

were different from the individuals seen during the training.

Debriefing. At the end of the experiment, a debriefing with standardized questions was
conducted by the experimenter to determine whether the participant believed in the
deception manipulation. The participant was asked to rate from 0 to 10 whether he/she
believed to have been in online connection with another person (with 0 corresponding
to “I did not at all believed to be in online connection with another person”, and 10 to “I
totally believed I was in online connection with another person”). This was used to
categorize participants as Deceived or Not-deceived. The participants scoring beyond 5
were affected to the Deceived group and the ones scoring below or equal to 5 were
affected to the Not-deceived group. In this study, 19 out 35 participants reported to have
believed in the deception manipulation, with scores comprised between 6 and 10 (M =
9.12, SD= 1.41). In contrast, the remaining 16 participants (7 females) did not believe in
the deception manipulation; these participants had scores between 0 and 2 (M = 1.21,
SD= 0.58) and reported to be persuaded or strongly suspicious about the fact that the

videos were pre-recorded.

2.4. Physiological recordings and analysis

12



Physiological responses were recorded using the acquisition system ADInstruments©

(ML870/ Powerlab 8/30).

Skin conductance response (SCR). Two Ag-AgCl electrodes filled with isotonic NaCl
unibase electrolyte were attached to the palmar surface of the middle phalanges of the
index and middle fingers of the non-dominant hand. The raw SCR signals were recorded
at a sampling rate of 2 kHz, amplified and low-pass filtered online at 10 Hz. Then, the
SCR was offline subsampled at 2 Hz. Trials containing artefacts or noisy baseline (i.e.
mean of activity during the second preceding the video onset) were manually rejected
(less than 9% of the trials). The SCR in response to the emotional picture was defined as
the maximum change from the baseline level occurring between 1 and 6 s after the
emotional picture onset. The SCR magnitudes were then log-transformed [Log (uS+1)]

to normalize the data (Bradley et al., 2001).

Correlations between SCR and subjective ratings of emotional response intensity.
We computed the correlation (Pearson’s r coefficient) between the SCR evoked by the
emotional pictures and the ratings provided by the participants, in each condition
(Observed/Not-observed/Cross) separately and for each participant. Then, we
performed Fisher’s r-to-z transformation in order to normalize the correlation values
(Howell, 2012). We screened the Fisher’s z scores for extreme values. Four participants
(2 in the Deceived group, 2 in the Not-deceived group) had outlier values (Fisher’s z
scores differing by more than two standard deviations from the group mean in one or

more experimental conditions); they were excluded from all subsequent analyses.

2.5. Statistical analyses

2.5.1. Statistical analysis of the SCR-rating correlation data

13



A repeated-measures ANOVA with Context (Observed/Not-observed/Cross) as within-
subject factor and Group (Deceived/Not-deceived) as between-subject factor was run on
the Fisher’s z scores (i.e. the normalized correlations between SCR and ratings during

the main experiment).

For comparisons with two degrees of freedom, we used the Greenhouse-Geisser
correction to correct for deviations from the assumption of sphericity (the € correction
factor and the corrected P or Pcorr are then reported). Effect sizes (n?) are reported
together with F and p values for the main effects and interactions. Planned comparisons
were further performed when simple main effects and/or interaction effects were

observed.

2.5.2. Control analyses

Training phase and post-test phase. A repeated-measures ANOVA with Context
(Observed/Not-observed) and Measurement occasion (Training phase/Post-test phase)
as within-subject factors and Group (Deceived/Not-deceived) as between-subject factor
was run on the reaction times (RT) and the percentages of correct answers (%CR)

obtained during those phases.

Secondary recall task. Repeated-measures ANOVAs with Context (Observed/Not-
observed/Cross) as within-subject factor and Group (Deceived/Not-deceived) as
between-subject factor were run separately on the RT and the %CR obtained in the

secondary recall task.

Main effects of context on arousal and ratings. As being observed by another
individual has been associated with an increase in arousal (Helminen, Kaasinen, &

Hietanen, 2011; Nichols & Champness, 1971), we conducted control analyses to check if
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the context stimulus (Observed/Not-observed/Cross) per se induced specific
physiological or emotional responses during the task, which might partly account for
our results. For this purpose, repeated-measures ANOVAs with Context (Observed/Not-
observed/Cross) as within-subject factor and Group (Deceived/Not-deceived) as

between-subject factor were carried out separately on SCR and on subjective ratings.

3. Results

3.1. Correlation between SCR and ratings

The ANOVA performed on the correlations between SCR and ratings did not reveal any
significant main effect of Group (F1,29 < 1), nor of Context (Fzs5s < 1) but a significant
interaction between Context and Group (Fzss = 3.71, € = .96, Pcorr = .032; n2 = .11).
Context affected performances in the Deceived group only (Fz32z = 5.93, € = .93, Pcorr =
.008; n? = .27; see Fig.2). In this group, the Observed context condition induced greater
value of SCR-rating correlation (95% Confidence interval (CI) = 0.12 to 0.36) than the
Not-observed (95% CI = -0.13 to 0.14; t1,16 = 2.90, P = .010) and the Cross conditions
(95% CI = -0.19 to 0.13; t1,16 = 2.81, P = .012) did. The Not-observed and Cross context
conditions did not differ from one another (t1,16 = -0.44, P = .663). There was not any
effect of the context conditions in the Not-deceived group (95% Clobservea = -0.12 to 0.07;
95% Clnot-observed = -0.16 to 0.21; 95% Clcross = -0.13 to 0.33; Fz26 < 1 and all ts between
conditions taken 2-by-2 <1). Furthermore, the interaction between Context and Group
also reflected that the SCR-rating correlation was different between the Deceived and
the Not-deceived group in the Observed context condition only (tz,29 = 3.62, P =.001). In
contrast, this difference was not significant in the Not-observed and the Cross conditions

(both t120< 1).
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3.2. Control analyses

Training phase and post-test phase. We checked the performance obtained by the
participants during the training and the post-test, in order to ensure that they had well-
learned the association between the sunglasses rim colour and the Observed/Not-
observed conditions. The mean %CR was at ceiling during training (M = 98.8%, SD =
2.7), with a mean RT of 992 ms (SD = 219 ms). This showed that the participants learned
easily the association between the colour of the sunglasses rim and the capacity of the
wearer to see. Similar performance was obtained in the post-test phase, with a mean
%CR 0f 99.3 % (SD = 2.3) and mean RT of 837 ms (SD = 158 ms), showing that the learnt
association was retained throughout the experiment. The ANOVA run on these variables

did not reveal any main effect or interaction.

Secondary recall task. The mean percentage of correct responses (%CR) in the
secondary memory task (performed over a quarter of the trials) was excellent (M =
91.2%, SD = 14.5). This result ensured that the participants paid attention to the context
stimuli during the main experiment. The mean response time (RT) was 2.1 s (SD = 0.7s).
The ANOVAs performed on %CR and RT did not reveal any significant effect or
interaction. Thus, the performance in the secondary memory task did not vary as a
function of the context conditions or the groups. In particular, the Observed condition
did not induce any enhancement of performance, either globally or in the Deceived

group only.

Main effects of context on arousal and ratings. SCR was not modulated by the Context

(Fz58 < 1). In other terms, the Observed condition did not elicit a higher arousal than the

16



other context conditions did during our experiment. There was a main effect of Group on
SCR (F1,29 = 4.26, P = .048; n? = .13). The participants of the Deceived group showed
higher SCR (M = 0.054, SD = 0.064) than the participants of the Not-deceived group (M =
0.020, SD = 0.024). The ANOVA on the subjective ratings did not reveal any effect of the
Context (Fzss < 1), nor of the Group (F129 = 2.37, P = .135) and there was not any

interaction between these factors (Fzss = 1.50, P=.232).

4. Discussion

The aim of this study was to determine whether the belief to be watched may enhance
bodily self-awareness. Following a previously established procedure (Baltazar et al,,
2014), we used the correlation between SCR magnitude and participant’s rating of the
intensity of their emotional bodily reaction to measure interoceptive accuracy as an
index of bodily self-awareness. Our results showed that the perception of an individual
wearing see-through sunglasses - who could therefore see the participant - as
compared to the perception of an individual with obstructed sunglasses or to the
perception of a mere fixation cross, led to a more accurate rating of the intensity of
bodily reactions induced by emotional pictures, only in participants who believed to be
in live connection with the individual. Consistently with our hypothesis, the belief to be
watched by another person was thus associated with an increase of the participant’s
bodily self-awareness. This effect was neither attributable to a main effect of arousal nor

to some general modulations of the participants’ performance.

Our finding brings the first empirical evidence that the belief to be watched influences
not only public self-awareness but also a private dimension of self-awareness. Myllyneva
and Hietanen (2015b) showed greater public self-awareness in participants who
believed that a person displaying direct gaze could see them, compared to when they

17



believed that he/she could not. In this study, the authors did not find any significant
effect of the belief to be watched on private self-awareness as measured by a self-rated
questionnaire (Govern & Marsch, 2001). However, it has been pointed out that self-
reports may not be a reliable source of information regarding judgments about self-
knowledge. For instance, such reports have been pointed out to be particularly affected
by motivational concerns (Jones, 1990). It was therefore recommended to compare self-
reports with an objective physiological variable in order to obtain a valid measure of
bodily self-awareness (Silvia & Gendolla, 2001). This was the approach adopted in the
present study and it allowed us to bring novel insight into the self-related processes

engaged during interpersonal contact.

There is inconsistency in the literature on how bodily self-awareness, also commonly
called interoceptive awareness, is defined and quantified (Garfinkel, Seth, Barrett,
Suzuki, & Critchley, 2015). Interoceptive awareness classically refers to the
representation of afferent bodily physiological sensations (Craig, 2003; Critchley et al,,
2004), but it has recently been suggested that interoceptive processes are multiple and
include sensitivity to internal bodily changes, accuracy in reporting those changes, as
well as meta-cognitive awareness of interoceptive accuracy (Chentsova-Dutton &
Dzokoto, 2014; Farb et al., 2015; Garfinkel et al., 2015). As a consequence, the paradigms
used to assess bodily self-awareness vary among studies. Here, we relied on the
definition of bodily self-awareness as the adaptive capacity to detect and perceive body
physiological signals in the context of the current activities (Craig, 2008; Damasio &
Carvalho, 2013). We asked our participants to rate the intensity of their bodily reactions
in response to emotional pictures. Also worthy of note, participants were required to
rate the intensity of their internal bodily reactions without focusing on a particular

physiological cue (e.g. heart rate, respiration, or skin sweating). It is thus likely that we
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collected the participants’ ratings of their general, bodily arousal state, which is reliably
reflected by the SCR magnitude (Mendes, 2009). We then computed the across-trial
correlation between this rating and the participant’s physiological response (SCR),
taking interoceptive accuracy as a proxy of bodily self-awareness. This approach was
previously shown to be fruitful in revealing the effect of gaze contact on self-awareness

(Baltazar et al,, 2014). We extend it here to the belief to be watched.

Previous authors have suggested that such increase in bodily self-awareness might be
mediated by a main effect of arousal or by some general modulation of performance
(Silvia & Gendolla, 2001), which might be related to an “audience effect”, i.e. the social
presence of another person (Zajonc, 1965). In order to test this hypothesis, we first ran
several control analyses on the magnitude of SCR and subjective ratings taken
separately. There was not any significant effect of context stimulus (Observed/Not-
observed/Cross) or any interaction between context stimulus and group (Deceived/Not
deceived), either on the participant’s ratings or on the participant’'s SCR magnitude per
se. In addition, the performance at the secondary memory task present in a quarter of
the trials did not vary for the different context stimuli. These results converge with the
findings of our previous study (Baltazar et al., 2014) and allow us to rule out that the
effect of the belief to be watched on bodily self-awareness was mediated by general
modulations in arousal or in performance. This suggests that social presence or
audience effects cannot account for our finding. By ruling out such modulations, the
present results support the view that self-focused attention is the most consistent
account for the self-awareness effect that we report (Baltazar et al., 2014). Several
authors have postulated that heightened attention to the self leads to more accurate
awareness of bodily signals (Ainley, Maister, Brokfeld, Farmer, & Tsakiris, 2013; Ainley,

Tajadura-Jiménez, Fotopoulou, & Tsakiris, 2012). Thus, by triggering the experience of
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oneself as the object of another person’s attention, the belief to be watched would

enhance self-focused attention and elicit self-awareness.

While the Observed condition did not elicit higher arousal than the other context
conditions, there was a main effect of Group on the participant’s SCR magnitude. The
participants of the deceived group showed higher arousal than the participants of the
not-deceived group. This is in line with previous evidence that the real presence of an
individual increases arousal (Hietanen, Leppanen, Peltola, Linna-Aho, & Ruuhiala, 2008;
Ponkanen et al., 2011; Zajonc, 1965) and - in return - it strengthens the view that the
individuals of the deceived group truly believed to be in live interaction with another
individual. Considering that the not-deceived group included participants who had
already experienced laboratory setups involving deception procedure! - in contrast to
the deceived participants - it is possible that the novelty of experimental condition may
also at least in part account for the higher objective arousal (SCR amplitude) in the
deceived than the not-deceived group. Indeed, novelty has been shown to increase
autonomic responses (Bradley, Lang, & Cuthbert, 1993). Importantly however, it seems
unlikely that the effect of Group on SCR could explain our main result, because this

result consisted in an interaction between the Context condition and the Group. Indeed,

! Our participants were recruited through a list of volunteers made available to Parisian
laboratories in cognitive research. Some of these volunteers have already participated in
studies where they were led to believe to be observed through a video camera or to be in
interaction with other persons while this was not true as revealed after hand. This is
why we conducted a debriefing at the end of the experiment to assess the belief of our

participants to have been in online connection with another person.
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while SCR was greater in the deceived group, it did not differ between Context

conditions within the group.

The belief in deception procedure has been shown to be a key factor in the studies on
the impact of other’s gaze on perception and cognition (e.g. Teufel et al., 2013; Wiese et
al, 2012). However, it may be noted that by introducing this between-subject factor in
our analyses, we ended up with groups of limited size (17 in the deceived group and 14
in the not-deceived group). Recently, sample size in neuroscience has become a growing
concern as it may cause problems with replicability (Ioannidis, 2015; Open Science
Collaboration, 2015). Our study is in the power range of most of neuroscience studies.
Yet this range has been suggested to be too modest to ensure reliable statistical results
(Button et al,, 2013). To increase the reliability of low-powered studies, some solutions
have been suggested such as pre-specification of the design and the analysis plan,
disclosure of all measures, conditions, outcomes, and data exclusions, and high pre-
study odds of observing the investigated effects (Button et al., 2013; Ioannidis, Munafo,
Fusar-Poli, Nosek, & David, 2014; Simmons, Nelson, & Simonsohn, 2012). We followed
all these requirements, therefore we are confident in the reliability of our result, even if

it is important to keep our sample size limitation in mind.

One may notice that the correlations between participant’s SCRs and subjective ratings
were overall low. However, considering the literature on interoceptive accuracy, this
result was expected. Studies in this area showed that humans are not really accurate in
perceiving their bodily responses (Ainley et al., 2013, 2012; Ainley & Tsakiris, 2013;
Garfinkel et al., 2015). This is also in line with a study that evaluated interoceptive

accuracy by asking participants to evaluate their SCR magnitude (Andor, Gerlach, & Rist,
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2008). This study revealed that control participants did not perform this task well, since

they tended to negate the perception of their arousal in 64% of the trials.

Our results extend previous finding on direct gaze perception. We recently
demonstrated that bodily self-awareness is enhanced when one perceives direct gaze
(Baltazar et al,, 2014). Here, we further demonstrate that the belief to be watched by
another individual influences bodily self-awareness in a similar way. Yet, it may be
noted that in the present study, the belief to be in online connection with the other
person was required to observe the self-awareness effect of the belief to be watched,
while the effect of direct gaze on self-awareness was previously demonstrated with
photograph stimuli. How to reconcile these apparently discrepant findings? We propose
that the belief to be the target of someone else’s attention is intimately embedded in the
perception of direct gaze (see Conty, George, & Hietanen, 2016). A picture of direct gaze
may thus automatically activate the belief to be watched. However, the belief to be
watched can be experimentally dissociated from gaze stimuli. This may be the case for
example when photograph stimuli are directly compared with the presence of a real
person (Hietanen et al., 2008; Ponkanen et al,, 2011), because the artificial nature of the
photograph stimuli is then enforced in contrast with the real person stimuli. It seems
also to be the case when the other’s eyes are not visible and participants are led to
believe that this other person can see or not, as in Teufel’s studies (Teufel et al., 2009;
Teufel, Fletcher, & Davis, 2010) and in the present study. In these cases, it seems that the
belief to be in live, on line interaction with the interlocutor is a pre-requisite for
attributing the mental state “seeing” to this interlocutor (Teufel et al, 2013). The
automatic or by-default mental state attribution to face pictures and its disruption by
experimental manipulation was also nicely demonstrated by Wiese et al. (2012). In this

latter study, the attention orienting effect induced by the gaze movement of a face
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picture was reduced when the participants were instructed that the gaze movements of
the picture were controlled by a computer, as compared to when the participants were
instructed that the gaze movements reflected in live the intentional gaze movements of
an experimenter. Moreover, another recent study showed that the specific autonomic
and brain responses to live direct gaze as compared to live averted gaze were observed
only when the participants believed that the stimulus person seated on the other side of
an electronic glass shutter was able to see them through the shutter (Myllyneva &
Hietanen, 2015b). In sum, all these results provide converging evidence that mental
state attribution is key in the psychological effects that are associated with gaze
perception. Thus, the effect of direct gaze on self-awareness is tightly linked to the social
significance of direct gaze as signalling that “someone else’s attention is directed at

myself” (Conty et al., 2016; Hamilton, 2016).

Senju and Johnson (2009) have proposed a fast-track modulator model of direct gaze
effects in which “perceived eye contact is initially detected by a subcortical route, which
then modulates the activation of the social brain as it processes the accompanying
detailed sensory information”. Our results further suggest that direct gaze perception is
tightly associated with some basic mentalizing processes - namely, attributing the
mental state of “seeing”, thus arguing for a key role of cortical processes or subcortical-
cortical process interactions in at least some effects of direct gaze, such as the effect of

direct gaze on self-awareness.

The eyes were not visible in our context stimuli, but these stimuli consisted in front view
videoed faces. Therefore, we cannot exclude some implication of the low visual
properties of direct gaze in the self-awareness effect reported here. Indeed, one can

wonder whether a face with sunglasses is really gaze-free, or if it automatically activates
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the mental representation of the eyes and gaze of the seen face. What is ultimately
constitutive of gaze (physical properties and/or mental representations)? It would be
interesting to investigate whether the “belief to be watched” per se (i.e. when the
interlocutor is not visible at all) might be sufficient to influence bodily self-awareness
(see Myllyneva & Hietanen, 2015a). It would also be interesting to compare gaze with
other interpersonal contact cues (e.g. touch or calling someone's name) in order to test if
there is anything special in the self-awareness effect elicited by gaze contact and to
understand fully the effects of interpersonal contact on self-representation and social
interaction. Finally, we did not include emotional valence in our analysis, because our
design (with only 8 pictures of positive and negative valence respectively) was not
adapted for this. Considering available evidence for interactions between of emotional
valence and social context effects (e.g. Kraut, 1982; Lee & Wagner, 2002), it would be

interesting in the future to elaborate new protocols in order to address this question.

Conclusion

Our results showed that the belief to be watched by another person was associated with
an increase in bodily self-awareness, just as the perception of a direct gaze was (Baltazar
et al., 2014). Taken together with other studies (Hietanen et al., 2008; Myllyneva &
Hietanen, 2015b; Ponkénen et al., 2011; Teufel et al., 2013), they suggest that the belief
to be watched by another person is a basic form of mentalizing embedded in direct gaze

perception.
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FIGURE CAPTIONS

Figure 1. Experimental design: time course of an experimental trial. The emotional
picture depicted in the figure is in public domain (from

http://www.publicdomainpictures.net/) and not from the used IAPS stimulus set.
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Figure 2. Correlations between skin conductance responses (SCR) magnitude and
subjective ratings. (a) The mean correlation between the participants’ SCR and ratings
is indicated in Fisher’'s z scores for each context condition (Observed/Not-
observed/Cross) and for each group of participants (Deceived/Not-deceived).
Significant differences are indicated with asterisks (*: p< .05). Vertical bars represent
standard errors of the means. (b) Individual data: The correlation between SCRs and
ratings obtained for each participant in each condition (Observed/Not-observed/Cross)
is indicated in Fisher’s z scores. Black and grey dots depict the Deceived and Not-

deceived participants respectively.
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Table 1. Effects of context on subjective ratings and physiological activity. All

values are expressed as mean

+ standard error of the mean. SCRs are expressed in

log(uS+1).
Observed Not-observed Cross
Deceived SCRs 0.051 +.016 0.053 +£.015 0.058 +£.016
eceive
(N=17) Ratings 424 +29 428+ 3.3 445+ 25
Not-decelved SCRs 0.022 +.006 0.024 +.008 0.021 +.005
ot-deceive
(N=14) Ratings 36.0+4.3 36.5+4.8 34.2+43
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