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The effect of emotion on postural control has been widely demonstrated in the literature.
Postural control also depends on the distance that separates the subject from the observed
stimulus. This work examines (i) the effect of distance on the perception of emotional stim-
uli and (ii) its effect on postural control. Sixty-eight women were asked to maintain orthos-
tatic equilibrium under three emotional conditions (positive, negative, and neutral) at four
distances (0.5 m, 2.1 m, 6 m, and 10 m). The findings showed that the perception of emo-
tions was not influenced by distance but was influenced by valence and intensity, and that
postural control was not influenced by emotional valence but by distance, with reduced os-
cillation amplitudes at 0.5 m distance. The perception of the image (valence and intensity)
depended on the content, but not on the distance, and the presentation of emotional images
tended to activate the defensive system, regardless of the emotional content. The center of
pressure sway amplitude increased with an eye—object distance of up to 6 m (role of vision).
The perception of the emotional effect was not linked to the distance effect on the postural

control of women in static positions.
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Introduction

Postural control (PC) is essential when performing
most everyday activities and allows for effective interac-
tion with the environment (Vuillerme et al., 2001). Pos-
tural stability (PS) is the inherent capacity of a person to
maintain, reach, and restore a specific state of equilibrium
to prevent falling (Pollock et al., 2000).
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Considerable evidence suggests that one’s emotional
state can influence PC during locomotion (Coombes et al.,
2006; Naugle et al., 2010; Kang & Gross, 2016), walking
initiation (Naugle et al., 2011; Yiou et al., 2014), and even
in the orthostatic position (Hillman et al., 2004; Azevedo
et al., 2005; Facchinetti et al., 2006; Fawver et al., 2015;
Kordts-Freudinger et al., 2017). The motivational compo-
nent, or approach-avoidance behavior, is influenced by
emotions and depends on valence (level of pleasure) (Hill-
man et al., 2004). Approach behavior is characterized by a
decrease in the distance between the subject and the stim-
ulus and is favored by positive stimuli (activation of the
appetitive system). Conversely, avoidance behavior is
characterized by an increase in distance and is favored by
negative stimuli (activation of the defensive system)
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(Lang, 2000; Hillman et al., 2004; Kordts-Freudinger et
al., 2017).

Many theories of emotions postulate a basic associa-
tion between emotions and certain types of behavior, such
as approach and avoidance (e.g., Frijda, 1986). It is gener-
ally believed that emotions are divided into two distinct
motivational systems that enable an organism to respond
effectively to emotionally relevant stimuli in the environ-
ment (Lang et al., 1990). A defensive motivational system
would cause avoidance behavior away from unpleasant,
negative stimuli (which results in an increase in distance
between the subject and the stimulus), whereas an appeti-
tive motivational system is hypothesized to encourage the
organism to approach pleasant, positive stimuli (which re-
sults in a decrease in the distance between the subject and
the stimulus).

Recent theories have emphasized the important role of
emotion in motor control (Lelard et al., 2019). For two dec-
ades, the number of related papers has exponentially in-
creased, placing these links at the core of new research
questions that have yet to provide the answers necessary
for understanding these mechanisms. Understanding the
relationship between emotion and behavior is essential and
represents a major factor in acquiring, controlling, and de-
veloping motor skills. The effect of emotion on PC was
first investigated through tasks for maintaining the pos-
ture-kinetic position using images, such as those of the In-
ternational Affective Picture System (IAPS©) (Hillman et
al., 2004; Azevedo et al., 2005; Stins & Beek, 2007). Sev-
eral studies have analyzed the effect of valence (Roelofs et
al., 2010; Fawver et al., 2015) and arousal (i.e., the inten-
sity of the image, with intensity seen in both negative and
positive images) on postural equilibrium (Horslen & Car-
penter, 2011). Postural sway (the movement of the center
of mass in a standing position) is considerably reduced
during unpleasant images (Azevedo et al., 2005). When
participants were faced with unpleasant images compared
to neutral or pleasant images, “freezing” behavior (i.e., a
decrease in the amplitude and displacement of the center
of pressure [CoP]) was often observed (Azevedo et al.,
2005). While some authors believe that changes in postural
responses are linked to the valence of emotional content
(Bradley et al., 2001; Azevedo et al., 2005; Facchinetti et
al., 2006; Roelofs et al., 2010; Fawver et al., 2015), others
claim that arousal influences postural sway in the sagittal
plane (Horslen & Carpenter, 2011; Kordts-Freudinger et
al., 2017; Bouman & Stins, 2018).

These adaptive postural responses contribute to regu-
lating the distance between the subject and the emotional
stimulus. However, none of the studies aiming to under-
stand the effect of emotional manipulation on behavior
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have considered the effect of the physical distance between
the subject and the emotional stimulus. For example, an
avoidance behavior may be more exacerbated if the subject
is near the stimulus and therefore represents increased dan-
ger. The perception of the valence and arousal of an emo-
tional stimulus depends on the proximal or distal distance.
The proximity of unpleasant stimuli intensifies the emo-
tions perceived compared to those that are distant (Miihl-
berger et al., 2008). Miihlberger et al. (2008) showed that
the emotional valence of unpleasant stimuli approaching
the participant was more negative compared to static or re-
ceding unpleasant stimuli. This effect of movement direc-
tion was observed only for unpleasant stimuli (not for neu-
tral or pleasant stimuli). Neural systems involving a defen-
sive approach are also assumed to be organized regarding
distance. Proximal rewards tend to be valued more posi-
tively than distal rewards (McNaughton & Corr, 2004). At
this level, spatial signals influence the degree of emotional
distress and make responses more adaptive. In the litera-
ture, distance is considered an organizing notion, whether
the stimulus is initially negative or not, and whether it
moves in space (toward or away from “here”), in time (to-
ward or away from “now”), or in probability (toward or
away from “sure”) (Hsee et al., 2014). Physical distance is
not only that which separates two or more points in space
(objects, persons, etc.), it also plays the role of a landmark
that influences personal and affective judgments. Miihl-
berger et al. (2008) and Davis et al. (2011) showed that
participants signal a significantly higher degree of valence
and arousal when they are in proximity to unpleasant vis-
ual stimuli. By contrast, Valdés-Conroy et al. (2012) indi-
cated that objects with a positive valence tend to be per-
ceived as reachable when they are outside the peripersonal
space. In line with these findings, Davis et al. (2011)
showed that the subjective assessment of a context be-
comes more positive and exciting when it is proximal.
These results are consistent with the theory of the motiva-
tional approach to emotion, which states that changes in
spatial distance significantly influence affective responses.

The importance of vision in postural equilibrium has
long been known. Indeed, better PS was found in subjects
whose eyes were open compared to those whose eyes were
closed (Isotalo et al., 2004). The eye—target distance is
considered the main factor influencing this relationship of
distance-PS coupling (Bles et al., 1980; Paulus et al.,
1984, 1989). Using galvanic vestibular stimulation (GVS),
Aoki et al. (2018) demonstrated that asking participants to
gaze at a nearby object (small eye—object distance) re-
duced body sway in the mediolateral direction. Stoffregen
et al. (2000) observed that the amplitude of standing body
sway was reduced when participants looked at nearby tar-
gets (compared to sway during the viewing of distant tar-
gets), and that postural sway was reduced during a difficult
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visual task (a visual search of target letters in a text) com-
pared to sway during a less difficult visual task (viewing a
blank target). We argue that the search task placed more
restrictive constraints on the visual system and that pos-
tural sway was reduced to facilitate the visual search. Stof-
fregen et al. (2000) explained that the search task placed
more restrictive constraints on the visual system. In addi-
tion, postural sway was reduced to facilitate the visual
search.

The results obtained by Lé and Kapoula (2006) sup-
ported those of Paulus et al. (1989), who claimed that prox-
imity decreased the CoP area, the standard deviation of the
AP swing, and the velocity variance. They tested the dif-
ferential effects of retinal target displacement, changing
size, and changing disparity in the control of anterior—pos-
terior and lateral body sway. Retinal slips (visual move-
ment), which are produced by postural oscillations, are de-
tected by the central nervous system, which triggers cor-
rective postural oscillations to stabilize posture. The detec-
tion of retinal slips by the visual system depends on the
viewing distance. A decrease in distance increases the an-
gular size of the retinal slip induced by body sway and
makes it easier to detect (L& & Kapoula, 2006).

The purpose of the present study was to examine the
effect of the distance between an individual and visual
stimuli on both emotion perception and orthostatic PC. It
was hypothesized that proximity could exacerbate the per-
ception of the valence and intensity of emotional content,
which would later influence static postural equilibrium.
Given that emotional images are perceived as having more
valence and intensity with a proximal distance, the ampli-
tudes of the CoP’s displacement are smaller for the proxi-
mal distance. We expected to observe more incidences of
approach behavior for positive images and more avoidance
behavior for negative images at a proximal distance.

Methods

In the Method section, you should describe the details
of how the study was conducted. You should provide the
reader with enough information to be able to replicate your
study. Details that are not important for replication should
not be included (e.g., what type of pencils the participants
used, etc.). The reader should also be able to evaluate the
appropriateness of your methods for the hypothesis you
made. Method sections may vary in the number of sections
the authors include, but the most common sections are de-
scribed below. The entire Method section should be writ-
ten in past verb tense. You can use a table to report im-
portant characteristics of the method or the flow of activi-
ties. An example is provided in Tablel.
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Participants

Sixty-eight female volunteers participated in the study
(with a M £ SD age of 21.46 & 1.42 years; a height of 165
+ 6 cm; and a weight of 60.9 = 7.25 kg). The inclusion
criteria were normal or corrected vision, good health, no
vestibular and/or neurologic problems, and not taking any
medication that may directly or indirectly affect motor
skills or the management of emotions. The exclusion cri-
teria were a deficiency or disease of the lower limbs six
months before the test (fracture, joint prosthesis, surgery)
that could prevent them from standing quietly. The male
gender was excluded from this experiment due to anthro-
pometric differences and differences in emotional signifi-
cance between the two genders (Hillman et al., 2004). All
subjects signed an informed consent letter. The institu-
tional review board approved the study, which was carried
out under the recommendations of the Helsinki Conven-
tion.

Design

Materials: The static stabilometric platform (Pos-
tureWin©, Techno Concept®, Cereste, France; 40 Hz fre-
quency, 12-bits A/Dconversion) was used to record the
CoP excursions in the static postural condition. A com-
puter was used to record the CoP data, which were syn-
chronized with the procedure for presenting emotional im-
ages. A video projector (connected by the same computer)
was used to display visual stimuli on a white mat screen
0.7 m x 1.4 m in size and was organized using Pinnacle
HD software 16.

Stimuli: The 36 images selected from the IAPS (Lang
et al., 2008) comprised 12 neutral images of objects (e.g.,
accessories and utensils) with a valence between 4.96 and
5.17 [7004; 7006; 7010; 7041; 7050; 7059; 7080; 7090;
7150; 7175; 7233; 7235]; 12 positive images (e.g., smiling
babies and families) with a valence between 7.23 and 8.35
[2045;2058;2071;2150; 2160; 2216; 2347; 2352.1; 2550;
4599; 4626: 4628]; and 12 negative images (e.g., mutila-
tion and injuries) with a valence between 1.18 and 2.08
[3010; 3030; 3060; 3068; 3069; 3071; 3130; 3131; 3168;
3051; 3015; 3150].

Measures: Subjective measures: The valence and
arousal of each picture were measured using the 9-point
self-assessment manikin (SAM) (Bradley & Lang, 1994).
Concerning the valence or pleasure dimension, SAM
ranges from a smiling, happy figure to a frowning, un-
happy figure. For the arousal or intensity dimension, SAM
ranges from an excited, wide-eyed figure to a relaxed,
sleepy figure. Objective measures of CoP: Mean velocity
z\/[(X(n)—X(nﬂ))z+(Y(n)—Y(n+1))21)

3 b
AP amplitude (= peak anterior — peak posterior) and ML

in two dimensions (=
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amplitude (= peak medial — peak lateral), and the mean
CoP position (= mean CoP position in image window —
mean CoP position in fixation cross) in the AP axis were
measured. The mean CoP position was quantified using
the mean position in the fixation cross for 2 s.

Procedure

The experiment comprised the blocked presentation of
nine images (three positive, three negative, and three neu-
tral) for each distance (0.5 m, 2.1 m, 6 m, and 10 m), re-
sulting in 36 images. Each participant completed a famil-
iarization session with three passages. The image order
and distances were randomized and counterbalanced
across all subjects. The participants stood upright on the
stabilometric platform, in line with the recommendations
of the French Association of Posturography (Bizzo et al.,
1985). The participants’ feet were oriented at an angle of
30°, with heels spaced 5 cm apart. The participants were
allowed to move their feet off the plate during seated
breaks. To standardize the position of the feet for all meas-
urements, the foot placement was marked on paper and
placed on the stabilometric platform. Each image was pre-
sented with the same size (54 cm x 75 c¢cm) for all distances
over 3 s (i.e., Facchinetti et al., 2006; Roelofs et al., 2010;
Stins et al., 2011), preceded by a 2 s fixation cross (Fig-
ure 1). The participants were asked to keep their equilib-
rium upright during the presentation of the images. Before
changing the distance, each participant was asked to eval-
uate the valence and arousal of each image presented using
the SAM scale, marked from one to nine (Bradley & Lang,
1994). We also followed Stins and Beek’s (2007) method
of randomizing the emotional content of the stimuli within
each scenario to obtain more adequate and selective re-
sponses and to avoid the consecutive presentation of im-
ages in the same category (Perakakis et al., 2012). The
blocking procedure could lead to increased emotional ef-
fects over time due to increased sensitivity to images
(Lelard et al., 2019). The participants were given a two-
minute rest in a seated position after the objective acquisi-
tion and subjective evaluation of each block to avoid fa-
tigue.

Y AL

Fixation cross: 2 s

Images: 3 s Fixationcross: 2s  Images: 3 s

Figure 1. Order of presentation of images for each distance
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Statistical Analysis

The valence and arousal were evaluated using a three-
emotion (positive, negative, and neutral) x four-distance
(0.5 m, 2.1 m, 6 m, and 10 m) mixed-design ANOVA. The
CoP parameters were evaluated using a three-emotion
(positive, negative, and neutral) x four-distance (0.5 m,
2.1m, 6 m, and 10 m) mixed-design ANOVA. Green-
house—Geisser correction (€) was used for both ANOVAs.
Tukey’s HSD was performed as a post hoc test. The statis-
tical significance for all tests was evaluated at the 0.05
level. Partial eta squared (np?) values were provided only
as a measure of effect size for all main effects and interac-
tions. All statistical tests were carried out using Statistica
10 software (Statsoft©).

Results

Subjective Measures

Table 1 presents the subjective measures concerning
the perception of valence and arousal of each emotional
image of the IAPS using the 9-point SAM scale. For va-
lence and arousal, only the effect of emotion was shown
(the difference between positive, negative, and neutral im-
ages). The distance did not affect the valence or arousal
scores.
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Tablel. Summary of statistical analysis of subjective measures

Emotion Distance Emotion * Distance
F (2, 134) p € me  F(3,201) p € Mp? F (6,402) p € Mp?
Valence 508.88  <.0001 .76 .88 73 A7 .67 .01 .6 .62 .53 .008
Arousal 161.45  <.0001 .99 7 .34 78 .93 .005 71 .6 .78 .01

The pattern of valence scores was different across all
three categories (p < 0.0001), with a high score concerning
positive (7.56 = 1.11) than negative (1.99 £ 1.27) and neu-
tral images (5.14 £ 1.27) and p < 0.001 between the three
image categories, as shown by Tukey’s post hoc test (Fig-
ure 2).

With respect to arousal, both positive (5.77 +2.48) and
negative (6.66 = 2.45) images were scored as more arous-
ing compared to neutral images (1.94 + 1.4), with p <
0.0001. Negative images were also scored as more arous-
ing compared to positive images, with p < 0.01, as shown
by Tukey’s post hoc test (Figure 2).

Valence

deok ok

oKk

Imal”l

10-m 0.5-m 2.1-m 6-m 10-m 0.5-m 2.1-m 6-m 10-m

SAM Scores

0.5-m 2.1-m 6-m

Positive Negative Neutral
Arousal
Hokok
(_‘L) 1
10
9
8
g 7
o 6
a5
s 4
5(7 3
2
1
0

0.5-m 2.1-m 6-m 10-m 0.5-m 2.1-m 6-m 10-m 0.5-m 2.1-m 6-m 10-m

Positive Negative Neutral

Figure 2. Valence and arousal scores for positives, negatives,
and neutrals images.

Note. SAM =Self-Assessment-Manikin; ** p<.01; ¥** p<
.0001

Objective Measures

Table 2 summarizes the statistical tests. These objec-
tive measurements were related to the CoP parameters,
which were tested according to emotion, distance, and the
emotion-distance interaction. The emotion factor concerns
positive, negative, and neutral images, while the distance
factor concerns 0.5 m, 2.1 m, 6 m, and 10 m.
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Table 2. Summary of statistical analysis of objective measures

Emotion Distance Emotion * Distance

F(2,134) p € Mp? F (3,201) p € n?  F(6,402) p € Mp?
Anteroposterior .10 .89 .97 .00 1558  <.0001 .95 .18 2.49 .29 .84 .01
amplitude
Mediolateral 27 .76 .90 .00 7.27 <.001 .95 .09 1.31 25 78 .01
amplitude
Mean velocity 1.43 24 .93 .02 1032 <.0001 .85 13 1.79 .09 .85 .02
in 2 dimensions
Mean position 3.32 <.05 .95 .04 .64 .58 .97 .00 51 .79 .82 .00

The AP amplitude was affected only by the distance (p
< 0.0001): according to Tukey’s post hoc test (Figure 3),
0.5 m showed less amplitude (6.6 + 4 mm) than 2.1 m (8 +
4.5 mm, p <0.001), 6 m (8.7 = 5.3 mm, p < 0.0001), and
10 m (8.4 £4.7 mm, p <0.0001). No significant difference
was observed between 2.1 mvs. 6 m (p =0.11), 2.1 m vs.
10 m (p =0.54), and 6 m vs. 10 m (p = 0.81). Emotion did
not affect the AP amplitude (p = 0.89), and no difference
was observed between the positive (8§ = 5 mm), negative
(7.9 £ 4.6 mm), and neutral images (7.9 £ 4.4 mm).

The ML amplitude was affected by the distance (p <

0.001): according to Tukey’s post hoc test (Figure 3),
0.5 m showed less amplitude (4.1 + 2.3 mm) than 2.1 m
(4.6 £2 mm, p =0.012), 6 m (5.1 £ 2.7 mm, p < 0.0001),
and 10 m (4.8 £ 2.5 mm, p < 0.01). No significant differ-
ence was observed between 2.1 m vs. 6 m (p = 0.09), 2.1
mvs. 10m (p=0.72), and 6 m vs. 10 m (p = 0.58). Emo-
tion did not affect the ML amplitude (p = 0.76), and no
difference was observed between the positive (4.7 = 2.5
mm), negative (4.7 + 2.4 mm), and neutral images (4.6 £
2.3 mm).
The mean velocity of CoP in the two dimensions was af-
fected by the distance (p < 0.0001): according to Tukey’s
post hoc test (Figure 3), 0.5 m (6.9 = 2.7 mm) and 2.1 m
(7.3 £ 2.4 mm) showed less velocity than 6 m (8.1 +
3.3 mm, p <0.0001, p <0.05, respectively) and 10 m (8 +
3 mm, p < 0.0001, p < 0.05, respectively). No significant
difference was observed between 0.5 m vs. 2.1 m (p =
0.33) and between 6 m vs. 10 m (p = 0.97). Emotion did
not affect 2D velocity (p = 0.24), and no difference was
observed between the positive (7.7 = 3.3 mm), negative
(7.5 £ 2.7 mm), and neutral images (7.5 £ 2.8 mm).

2R
R
o o

H
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Mean 2D velocity in mm/s?
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N
o

* Kk K

2.1-m 6-m 10-m

* %

.

2.1-m

4 ok ok ok
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Figure 3. Mean velocity of the COP in 2 dimensions, mediola-
teral and anteroposterior amplitude according to each distance.
Note. * p<.05; **p<.01; *** p<.001; **** p<.0001
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The mean CoP position in the AP axis was affected by
emotion (p < 0.05): according to Tukey’s post hoc test
(Figure 4), neutral images (0.1 + 0.38 mm) showed more
of an anterior position than positive (-0.38 £ 0.19 mm, p <
0.05) and negative images (-0.34 = 0.24 mm, p = 0.08).
The distance did not affect the mean CoP position (p =
0.58), and no significant difference was observed in the
comparison of all distances.

0,60 *
0,40
0,20
£
£
£ 000 1]
o
g
s -020
=
a
-0,40
-0,60
-0,80
Positive Negative Neutral

Figure 4. Mean COP position in anteroposterior axis according
to emotion.
Note. * p<.05

Discussion
Subjective Evaluation

In this context, we hypothesized that the proximity of
an emotional stimulus would provoke a more intense re-
sponse compared to a distal stimulus. The results showed
that physical distance did not influence the perception of
the valence or arousal of images. These results align with
the work of Miihlberger et al. (2008), who stated that va-
lence and arousal are exacerbated by proximity only for
positive and neutral stimuli and not for aversive stimuli.

Davis et al. (2011) asked participants to imagine spatial
changes in three conditions: away, no change, or toward
(i.e., perceiving the scene moving away, remaining the
same, or moving closer). They showed the influence of
psychological distance (imagined changes to spatial dis-
tance) on the perception of valence and arousal (emotional
experience). The negative scenes were characterized by
fewer negative responses and lower levels of arousal in the
imagine away condition and more negative responses and
higher levels of arousal in the imagine toward condition
compared to the imagine no change condition.

In our study, fixed physical distance and the absence of
directional movement did not present the image in a par-
ticular direction, which could explain why the perception
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of valence and intensity did not depend on physical dis-
tance but rather on the emotional content of the image
only. Furthermore, using a three-dimensional projection,
Ahs et al. (2015) reproduced the two previous studies
(Miihlberger et al., 2008; Davis et al., 2011) for a negative
stimulus and obtained the same results, meaning that prox-
imity to the stimulus exacerbates the perception of an un-
pleasant stimulus. They advanced results similar to our
findings only for the negative image; virtual distance did
not influence valence or arousal. However, these results
disagree with the constructive level theory. Distal distance
is considered an abstract distance, unlike proximal dis-
tance, which is considered a concrete distance in which the
emotional stimulus becomes more intense (Davis et al.,
2011).

Concerning valence, a pleasant stimulus often gener-
ated a higher score compared to an unpleasant or neutral
stimulus, and a neutral stimulus generated a higher score
compared to unpleasant content. These findings are con-
sistent with those of Hillman et al. (2004), Facchinetti et
al. (2006), and Naugle et al. (2012), who used family and
happy images as a pleasant category, mutilation images as
an aversive category, and images of simple daily objects
(accessories and utensils) as a neutral category. Regarding
the intensity assessment, the findings confirm that the most
exciting and intense images are aversive. These results are
consistent with the work of Bouman and Stins (2018),
Yiou et al. (2014), and Stins and Beek (2007). Conversely,
appetitive stimuli produced fewer scores than unpleasant
content and higher scores than neutral content. Our results
support those of the IAPS (Lang et al., 2008).

Objective Evaluation
Emotion and Posture

The existing literature has quantified an objective eval-
uation of the effect of emotional content on PC at a fixed
distance. However, because of the contradictory results in
the existing literature, it is important to verify emotion—
behavior coupling. Some research has shown that the sag-
ittal axis is influenced by valence (Roelofs et al., 2010;
Facchinetti et al., 2006) or arousal (Horslen & Carpenter,
2011; Bouman & Stins, 2018), while other research has
shown that the frontal axis is influenced by valence only
(Azevedo et al., 2005; Facchinetti et al., 2006). We pro-
pose that emotional content (positive or negative) could af-
fect postural balance control more than neutral content.

In our study, and following a random projection of
emotional stimuli, no significant difference in the oscilla-
tions of the CoP was observed among the three emotional
contexts (positive, negative, and neutral). Gélat et al.
(2011) showed that the valence of an image can influence
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the processing of the next emotional stimulus. Indeed, their
results showed that control of the CoP during a step for-
ward was affected differently when the previous test was
pleasant compared to unpleasant. This finding motivated
Bouman et al. (2015) to present emotional images in a
blocked manner. Furthermore, Azevedo et al. (2005) re-
ported a reduction in all CoP parameters in the ML axis
after 20 seconds.

It is possible that the absence of an emotional valence
effect was due to the activation of the defensive system
(freezing), which could be explained as an effect of the
random-order image presentation; thus, presenting within
a block of each emotional valence could modify the re-
sults. According to Lelard et al. (2019), most recent studies
have shown that the presentation of emotional stimuli in-
duces consistent automatic responses and that emotion can
alter static PC by activating defensive responses. These de-
fensive responses can disappear if the presentation of the
emotions is done by blocking in the case of positive and
neutral emotions. Thus, these observations support the
findings of previous work that clarified the effect of an
aversive emotion on the static position. In this vein, Hill-
man et al. (2004) showed a retreat movement in women,
while men displayed small anterior postural adjustments
when viewing aversive images representing attack and
mutilation scenes. Azevedo et al. (2005) specifically ex-
amined the effect of mutilation images on PC compared to
positive or neutral images, which was characterized by an
overall reduction in CoP oscillations. Facchinetti et al.
(2006) obtained similar results, with a reduction in PS with
mutilation and affiliation images. Another possible expla-
nation relates to the lack of forthcoming movement, which
could minimize and limit the effect of the emotion. The
existing literature has shown that approach movements are
facilitated by positive emotions, while avoidance move-
ments are facilitated by negative emotions (Naugle et al.,
2011). Flexion movements are facilitated with pleasant
emotional states, while extension movements are facili-
tated with unpleasant emotional states (Chen & Bargh,
1999; Duckworth et al., 2002). Additionally, the percep-
tion of an emotional stimulus requires a process of internal
attentional focus. Based on the work of McNevin and Wulf
(2002), this task could minimize CoP oscillations.

Concerning the change in the mean CoP position, the
results showed an effect of arousal. The neutral images
were characterized by a lower intensity than the positive
and negative images. This finding is discussed in subjec-
tive evaluation, and the results are presented in Table 1 and
Figure 2. Therefore, greater oscillation was observed more
often with positive and negative images than with neutral
images. This result is consistent with the work of Horslen
and Carpenter (2011), who were the first to examine the
effect of emotion intensity on PS. Horslen and Carpenter
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(2011) showed that arousal influences the frequency of
CoP displacement in the AP dimension. and the electro-
dermal activity and anterior—posterior CoP frequency in-
creased.

Distance and Posture

The main findings of this study regarding the objective
assessment of CoP displacement also revealed an effect of
the spatial interval that separates the participants from the
emotional stimuli. Thus, the short distance of 0.5 m was
characterized by a reduction in body sway compared to the
other variant distances of 2.1 m, 6 m, and 10 m. Addition-
ally, an increase in distance was accompanied by an in-
crease in the CoP’s parameters. Thus, our results align
with the work of Lé and Kapoula (2006) on binocular vi-
sion, for which a distance of 40 cm reduces the surface
area, standard deviation, and variance of the velocity of the
CoP compared to 200 cm. The main theorists interested in
the effect of distance on bipedal position (Bles et al., 1980;
Paulus et al., 1984, 1989, Aoki et al., 2018) have shown
that an increase in distance increases bodily oscillations.
The spatiotemporal displacement of the CoP at a 6-m dis-
tance was significantly different from the other distances.
Based on the hypothesis that height vertigo is based on vis-
ual destabilization of free stance when the distance be-
tween the eye and the object becomes critically large, these
results are consistent with those obtained by Bles et al.
(1980). Bles et al. (1980) showed that the swaying ampli-
tude of the body increases with the eye—object distance up
to a 5-m distance, where the role of vision after this dis-
tance is highly reduced in body stabilization. The CoP pa-
rameters decrease again and become more comparable at
a distance of 2.1 m. The results of our study support those
of Bles et al. (1980): postural instability is not linearly re-
lated to increasing distance.

Limits and Perspectives

First, because of the large number of female partici-
pants in this study, it would be worth carrying out an ex-
periment with a male group to compare the results with the
female group and make the generalization of the results
more reliable. Second, as the effect of emotion and dis-
tance has been verified for a static position, replacing the
static position with a directional movement or a precision
motor task could shed light on how the central nervous sys-
tem controls a variety of movement and motor skills as a
function of emotion and distance. Finally, as the stimuli
were presented randomly, a comparative study between
the random presentation and the block presentation of
emotional images is necessary to understand how the cen-
tral nervous system controls posture according to each
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emotional valence separately. Future studies could also
test the effect of the cumulative duration of each category
of images on postural and movement control.

Conclusion

The perception of valence and the arousal of emotional
images depend solely on content and not on distance. The
presentation of emotional images tends to activate the de-
fensive system regardless of the emotional content, which
explains the absence of a valence effect on CoP control.
The distance of the emotional picture influences this PC,
resulting in less amplitude for proximal distances, which
could be due to the visual system. However, no effect of
distance on the perception of emotions was observed. Pos-
tural instability is not linearly related to increasing distance
from the eye to the object, and the perception of the emo-
tion effect is not linked to the distance effect on PC in the
static position.

Ethics and Conflict of Interest

The author(s) declare(s) that the contents of the article
are in agreement with the ethics described in http://bib-
lio.unibe.ch/portale/elibrary/BOP/jemr/ethics.html  and
that there is no conflict of interest regarding the publica-
tion of this paper.

References

Ahs, F., Dunsmoor, J. E., Zielinski, D., & LaBar, K. S.
(2015). Spatial proximity amplifies valence in emo-
tional memory and defensive approach-avoid-
ance. Neuropsychologia, 70, 476-485.
https://doi.org/10.1016/j.neuropsychologia.2014.12.0
18

Aoki, O., Otani, Y., & Morishita, S. (2018). Effect of eye-
object distance on body sway during galvanic vestibu-
lar  stimulation. Brain ~ Sciences, 8(11), 191.
https://doi.org/10.3390/brainsci8110191

Azevedo, T. M., Volchan, E., Imbiriba, L. A., Rodrigues,
E. C., Oliveira, J. M., Oliveira, L. F., ... Vargas, C. D.
(2005). A freezing-like posture to pictures of mutila-
tion. Psychophysiology, 42(3), 255-260.
https://doi.org/10.1111/].1469-8986.2005.00287.x

Chikh, S., Charrada, S., & Watelain E. (2022)
Perception of emotion, distance and postural control

Bizzo, G., Guillet, N., Patat, A., & Gagey, P. M. (1985).
Specifications for building a vertical force platform de-
signed for clinical stabilometry. Medical and Biologi-
cal Engineering and Computing, 23(5), 474-476.
https://doi.org/10.1007/BF02448937

Bles, W., Kapteyn, T. S., Brandt, T., & Arnold, F. (1980).
The mechanism of physiological height vertigo: II.
Posturography. Actaoto-Laryngologica, 89(3—6), 534—
540. https://doi.org/10.3109/00016488009127171

Bouman, D., Stins, J. F., & Beek, P. J. (2015). Arousal and
exposure duration affect forward step initiation. Fron-
tiers in Psychology, 6, 1667.
https://doi.org/10.3389/fpsyg.2015.01667

Bouman, D., & Stins, J. F. (2018). Back off! The effect of
emotion on backward step initiation. Human Move-
ment Science, 57, 280-290.
https://doi.org/10.1016/j.humov.2017.09.006

Bradley, M. M., Codispoti, M., Cuthbert, B. N., & Lang,
P. J. (2001). Emotion and motivation I: Defensive and

appetitive reactions in picture processing. Emo-
tion, 1(3), 276. https://doi.org/10.1037/1528-
3542.1.3.276

Bradley, M. M., & Lang, P. J. (1994). Measuring emotion:
The self-assessment manikin and the semanticdifferen-
tial. Journal of Behaviour Therapy and Experimental
Psychiatry, 25(1), 49-59.

https://doi.org/10.1016/0005-7916(94)90063-9

Chen, M., & Bargh, J. A. (1999). Consequences of auto-
matic evaluation: Immediate behavioral predisposi-
tions to approach or avoid the stimulus. Personality
and Social Psychology Bulletin, 25(2), 215-224.
https://doi.org/10.1177/0146167299025002007

Coombes, S. A., Cauraugh, J. H., & Janelle, C. M. (2006).
Emotion and movement: activation of defensive cir-
cuitry alters the magnitude of a sustained muscle con-
traction. Neuroscience  Letters, 396(3), 192—196.
https://doi.org/10.1016/j.neulet.2005.11.048

Davis, J. I., Gross, J. J., & Ochsner, K. N. (2011). Psycho-
logical distance and emotional experience: What you
see is what you get. Emotion, 11(2), 438.
https://doi.org/10.1037/a0021783




Journal of Eye Movement Research
15(4):6

Duckworth, K. L., Bargh, J. A., Garcia, M., & Chaiken, S.
(2002). The automatic evaluation of novel stim-
uli. Psychological Science, 13(6), 513-519.
https://doi.org/10.1111/1467-9280.00490

Facchinetti, L. D., Imbiriba, L. A., Azevedo, T. M., Var-
gas, C. D., & Volchan, E. (2006). Postural modulation
induced by pictures depicting prosocial or dangerous
contexts. Neuroscience Letters, 410(1), 52-56.
https://doi.org/10.1016/j.neulet.2006.09.063

Fawver, B., Beatty, G. F., Naugle, K. M., Hass, C. J., &
Janelle, C. M. (2015). Emotional state impacts center
of pressure displacement before forward gait initia-
tion. Journal of Applied Biomechanics, 31(1), 35-40.
https://doi.org/10.1123/JAB.2013-0306

Gélat, T., Coudrat, L., & Le Pellec, A. (2011). Gait initia-
tion is affected during emotional conflict. Neurosci-
ence Letters, 497(1), 64-67.
https://doi.org/10.1016/j.neulet.2011.04.030

Hillman, C. H., Rosengren, K. S., & Smith, D. P. (2004).
Emotion and motivated behaviour: Postural adjust-
ments to affective picture viewing. Biological Psychol-
ogy, 66(1), 51-62. https://doi.org/10.1016/j.biopsy-
¢ho.2003.07.005

Horslen, B. C., & Carpenter, M. G. (2011). Arousal, va-
lence and their relative effects on postural control. Ex-
perimental Brain Research, 215(1), 27.
https://doi.org/10.1007/s00221-011-2867-9

Hsee, C. K., Tu, Y., Lu, Z. Y., & Ruan, B. (2014). Ap-
proach aversion: Negative hedonic reactions toward
approaching stimuli. Journal of Personality and Social
Psychology, 106(5), 699.
https://doi.org/10.1037/a0036332

Isotalo, E., Kapoula, Z., Feret, P. H., Gauchon, K., Zam-
firescu, F., & Gagey, P. M. (2004). Monocular versus
binocular vision in postural control. AurisNasus Lar-
ynx, 31(1), 11-17.
https://doi.org/10.1016/].an1.2003.10.001

Kang, G. E., & Gross, M. M. (2016). The effect of emotion
on movement smoothness during gait in healthy young
adults. Journal of Biomechanics, 49(16), 4022-4027.
https://doi.org/10.1016/].jbiomech.2016.10.044

Kordts-Freudinger, R., Oergel, K., & Wuennemann, M.
(2017). Feel bad and keep steady: Emotional images
and words and postural control during bipedal

Chikh, S., Charrada, S., & Watelain E. (2022)
Perception of emotion, distance and postural control

stance. Journal of Nonverbal Behaviour, 41(4), 305—
324. https://doi.org/10.1007/s10919-017-0260-5

Lang, P. J. (2000). Emotion and motivation: Attention,
perception, and action. Journal of Sport and Exercise
Psychology, 22(S1), S122-S140.
https://doi.org/10.1123/jsep.22.s1.5122

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (2008). In-
ternational affective picture system (IAPS): Affective
ratings of pictures and instruction manual. Technical
Report A-8. University of Florida, Gainesville, FL.

Lé, T. T., & Kapoula, Z. (2006). Distance impairs postural
stability only under binocular viewing. Vision Re-
search, 46(21), 3586-3593.
https://doi.org/10.1016/].visres.2006.06.018

Lelard, T., Stins, J., &Mouras, H. (2019). Postural re-
sponses to emotional visual stimuli. Neurophysiologie
Clinique. https://doi.org/10.1016/j.neucli.2019.01.005

McNaughton, N., & Corr, P. J. (2004). A two-dimensional
neuropsychology of defense: Fear/anxiety and defen-
sive distance. Neuroscience & Biobehavioural Re-
views, 28(3), 285-305. https://doi.org/10.1016/j.neubi-
orev.2004.03.005

McNevin, N. H., & Wulf, G. (2002). Attentional focus on
supra-postural tasks affects postural control. Human
Movement Science, 21(2), 187-202.
https://doi.org/10.1016/S0167-9457(02)00095-7

Miihlberger, A., Neumann, R., Wieser, M. J., & Pauli, P.
(2008). The impact of changes in spatial distance on
emotional responses. Emotion, 8(2), 192.
https://doi.org/10.1037/1528-3542.8.2.192

Naugle, K. M., Hass, C. J., Bowers, D., & Janelle, C. M.
(2012). Emotional state affects gait initiation in indi-
viduals with Parkinson’s disease. Cognitive, Affective,
&  Behavioural = Neuroscience, 12(1), 207-219.
https://doi.org/10.3758/s13415-011-0071-9

Naugle, K. M., Hass, C. J., Joyner, J., Coombes, S. A., &
Janelle, C. M. (2011). Emotional state affects the initi-
ation of forward gait. Emotion, 11(2), 267.
https://doi.org/10.1037/a0022577

Naugle, K. M., Joyner, J., Hass, C. J., & Janelle, C. M.
(2010). Emotional influences on locomotor behav-
iour. Journal of Biomechanics, 43(16), 3099-3103.
https://doi.org/10.1016/].jbiomech.2010.08.008




Journal of Eye Movement Research
15(4):6

Paulus, W. M., Straube, A., & Brandt, T. H. (1984). Visual
stabilization of posture: Physiological stimulus charac-
teristics and clinical aspects. Brain, 107(4), 1143—
1163. https://doi.org/10.1093/brain/107.4.1143

Paulus, W., Straube, A., Krafczyk, S., & Brandt, T. (1989).
Differential effects of retinal target displacement,
changing size and changing disparity in the control of
anterior/posterior and lateral body sway. Experimental
Brain Research, 78(2), 243-252.
https://doi.org/10.1007/BF00228896

Perakakis, P. E., Idrissi, S., Vila, J., & Ivanov, P. C. (2012).
Dynamical patterns of human postural responses to
emotional stimuli. Psychophysiology, 49(9), 1225—
1229.https://doi.org/10.1111/1.1469-
8986.2012.01392.x

Pollock, A. S., Durward, B. R., Rowe, P. J., & Paul, J. P.
(2000). What is Dbalance? Clinical Rehabilita-
tion, 14(4), 402-406.
https://doi.org/10.1191/0269215500cr3420a

Roelofs, K., Hagenaars, M. A., & Stins, J. (2010). Facing
freeze: Social threat induces bodily freeze in hu-
mans. Psychological ~ Science, 21(11), 1575-1581.
https://doi.org/10.1177/0956797610384746

Sagliano, L., Cappuccio, A., Trojano, L., & Conson, M.
(2014). Approaching threats elicit a freeze-like re-
sponse in humans. Neuroscience Letters, 561, 35—40.
https://doi.org/10.1016/j.neulet.2013.12.038

Stins, J. F., & Beek, P. J. (2007). Effects of affective pic-
ture viewing on postural control. BMC Neurosci-
ence, 8(1), 83. https://doi.org/10.1186/1471-2202-8-
83

Chikh, S., Charrada, S., & Watelain E. (2022)
Perception of emotion, distance and postural control

Stins, J. F., Roelofs, K., Villan, J., Kooijman, K., Ha-
genaars, M. A., & Beek, P. J. (2011). Walk to me when
I smile, step back when I’m angry: Emotional faces
modulate whole-body approach—avoidance behav-
iours. Experimental Brain Research, 212(4), 603-611.
https://doi.org/10.1007/s00221-011-2767-z

Stoffregen, T. A., Pagulayan, R. J., Bardy, B. G., & Het-
tinger, L. J. (2000). Modulating postural control to fa-
cilitate visual performance. Human Movement Sci-
ence, 19(2), 203-220. https://doi.org/10.1016/S0167-
9457(00)00009-9

Valdés-Conroy, B., Roman, F. J., Hinojosa, J. A., & Shor-
key, S. P. (2012). So far so good: Emotion in the peri-
personal/extrapersonal  space. PLoS  One, 7(11),
¢49162. https://doi.org/10.1371/journal.pone.0049162

Vuillerme, N., Danion, F., Marin, L., Boyadjian, A., Pri-
eur, J. M., Weise, 1., & Nougier, V. (2001). The effect
of expertise in gymnastics on postural control. Neuro-
science Letters, 303(2), 83-86.
https://doi.org/10.1016/S0304-3940(01)01722-0

Wang, F., Yu, C., Zuo, S., Huang, N., Cai, P., & Cheng, L.
(2018). “Distant” pictures benefit emotion regulation
in emotion disclosure on wechat moments. Cyberpsy-
chology, Behaviour, and Social Networking, 21(8),
498-503. https://doi.org/10.1089/cyber.2017.0606

Yiou, E., Gendre, M., Deroche, T., & Bozec, S. L.
(2014). Influence of emotion on the biomechanical or-
ganization of backward and forward step initia-
tion. Motor Control, 18(4), 368-382.
https://doi.org/10.1123/mc.2013-0015




