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Anxiety is not the right choice!
Individual differences in trait
anxiety modulate biases in
pseudoneglect

Stefania Righi'!, Viola Benedetti'!, Fiorenza Giganti'*,
Maria Teresa Turano?, Greta Raduazzo! and Maria Pia Viggiano!

!Department of Neurofarba, University of Florence, Florence, Italy, 2)Fondazione Turano Onlus, Rome,
Italy

Pseudoneglect, the tendency to display a leftward perceptual bias, is consistently
observed in line bisection tasks. Some studies have shown that pseudoneglect is
sensitive to emotions. This emotion-related modulation is likely related to valence-
dependent hemispheric lateralization, although the results do not converge. A
possible explanation for these inconsistencies could be individual differences
in emotional tone. Considering that negative and positive emotions produce
different basic activations of the two hemispheres, emotional characteristics of
the subjects, such as trait anxiety, could in fact modulate the pseudoneglect
phenomenon. To verify this, high- and low-anxiety participants were asked
to centrally bisect horizontal lines delimited by neutral or emotional (happy
and sad) faces. In line with previous studies, results here showed a decrease
in the leftward bisection error in the presence of happy faces, indicating a
greater involvement of the left hemisphere in processing positive emotional
stimuli. In addition, trait anxiety influenced the magnitude of the visual bias.
High-anxiety subjects, compared to low-anxiety subjects, showed a general bias
in visual attention toward the left space as a function of emotional valence.
Results are discussed within the framework of valence-dependent hemispheric
specialization and the relative degree of activation. In sum, our data highlight
the relevance of considering emotional individual differences in studying the
pseudoneglect phenomenon.
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1. Introduction

The myriad of stimuli that daily affect our senses are explored asymmetrically by
attention in searching for and selecting relevant information to react adequately to
environmental challenges (Phelps et al., 2006; Turano et al., 2017). Asymmetry in spatial
exploration leads most people to start their visual search with left-sided items and to bisect
horizontal lines faintly to the left of the center line (Azouvi et al.,, 2006; Strappini et al.,
2021), depending also on the nature of the stimulus and their handedness (Viggiano and
Vannucci, 2002). This leftward attentional bias is called pseudoneglect, and it is typically
assessed using different tasks, such as the line bisection task, landmark task, grayscales task,
tactile rod bisection task, and lateralized visual detection task (for a review, see Friederich
et al,, 2018). Among the tasks employed to evaluate pseudoneglect, the visual line bisection
task is the most commonly used (Friederich et al., 2018). In this task, participants are
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required to bisect a horizontal line drawn on paper or presented
by a computer. This task is a sensitive test to investigate attentional
and motor biases in both healthy and brain-damaged individuals.
However, studies using bisection tasks show that several factors
such as age, gender, performing hand, and the direction in which
participants initiate motor scanning can modulate pseudoneglect
(for a review, see Jewell and McCourt, 2000). Moreover, several
studies showed that higher-level cognitive processes can also
influence bisection performance, mainly when the stimulus
attributes have been manipulated (Fischer, 2001). For example,
Ranzini et al. (2011) showed in healthy subjects that flanking a line
with images of hands representing different actions influences their
performance in the direction of the action that is more compatible
with the object. Using numerical and non-numerical flankers and
varying levels of luminance, Ranzini and Girelli (2012) observed
a reciprocal interference in performance when these dimensions
are combined together. In addition, Bonato et al. (2008), using
directional (eye gaze) and numerical cues in a line bisection task,
observed that the performance of neglect patients was influenced
by task-irrelevant cues.

It is likely that the pseudoneglect phenomenon depends on the
asymmetrical brain organization of visuospatial attention, which is
controlled by right frontoparietal networks (Corbetta and Shulman,
2011), although the precise underlying mechanisms are not yet
clear. Some theories (activation-orientation theories) attributed the
pseudoneglect phenomenon to a right hemispheric dominance
that would determine an attentional bias toward the contralateral
hemifield (Nicholls and Roberts, 2002; Bultitude and Davies, 2006).
Another hypothesis (Jewell and McCourt, 2000) suggested that the
magnitude of pseudoneglect may indeed depend on the interaction
of many previously mentioned variables, such as gender, age,
performing hand, and the direction in which participants initiate
motor scanning. Recently, this phenomenon has also been observed
as a function of emotion, a variable that might modulate its
magnitude. A recent review (Strappini et al., 2021) has pointed out
the importance of investigating the role of emotion in modulating
attentional bias, which is mediated by lateralized cerebral networks.

From a theoretical point of view, several theories considering
hemispheric asymmetries in selective spatial attention have
highlighted the crucial role played by emotional processing, but
how and to what extent the two hemispheres superintend the
influence of emotion on spatial attention remains a topic of debate.
Proponents of the “right hemisphere dominance model” suggest
that all emotions are processed by the right hemisphere (Borod
et al, 1998, 2002; Adolphs et al, 2001; Mandal and Ambady,
2004; Gainotti, 2005). Whereas those who support the “valence-
specific hypothesis” postulate the main role of the left hemisphere
for positive emotions (e.g., happiness), while negative ones (e.g.,
anger, sadness, disgust, and fear) involve the right hemisphere
(Reuter-Lorenz et al., 1983; Davidson, 1992, 1998).

A third model was proposed by Davidson (1992, 1998): the
“approach-withdrawal” hypothesis. This model posits that the
brain asymmetries observed for emotions are related to two distinct
underlying motivational systems that orient our behaviors. The
“approach system” (left side of the brain) would be typically
activated by emotions such as happiness and anger because both
drive the subject to approach the object that elicited them (the
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happiness to enjoy the object or the anger to attack the object).
Differently, the “withdrawal system” (right side of the brain) would
be related to sadness, fear, and disgust, all emotions that produce
avoidance of the object that stimulated them.

Increased activation of the left frontal cortex (Schepman et al.,
2012) is associated with an approach-related behavior that is
typically displayed in the context of moving toward a desired
goal. Conversely, activation of the right frontal area is related
to withdrawal-related behavior that is exhibited by moving away,
voluntarily or automatically, from or avoiding threatening stimuli
(Dolan, 2002; Adolphs and Spezio, 2006). Based upon these
assumptions, spatial attention tasks such as the line bisection
task have been coupled with emotional stimuli with the aim of
assessing the modulatory effect of emotion on pseudoneglect to
better understand brain asymmetries in emotional processing. In
fact, if emotion processing is always right-lateralized (i.e., “right-
hemisphere hypothesis,” Borod et al., 1998, 2002; Adolphs et al.,
2001; Mandal and Ambady, 2004; Gainotti, 2005), we can predict
enhancement in pseudoneglect (leftward bias) when emotional
faces flank the line to bisect. Differently, if positive emotion is
left-lateralized and negative emotion is right-lateralized (i.e., the
“valence-specific hypothesis,” Davidson, 1992, 1998), only negative
emotions should produce an enhancement in pseudoneglect due
to greater activation of the right hemisphere. Otherwise, positive
emotions should reduce or eliminate pseudoneglect because of
enhanced brain activity in the left hemisphere.

Considering  the  “approach-withdrawal”  hypothesis
(Davidson, 1992, 1998), positive emotions such as happiness
but also negative emotions such as anger should reduce
pseudoneglect phenomena because both of these emotions
activate approaching behaviors that are related to greater activity
of the left hemispheres. Differently, negative emotions such as
fear, disgust, and sadness, which prompt an avoidance behavior,
should activate more the right hemisphere and hence enhance
the pseudoneglect.

However, it is still unclear whether and to what extent the
emotional valence of stimuli actually influences pseudoneglect
because only a few studies have found an emotion-related
modulation in the allocation of visual attention (Vuilleumier and
Schwartz, 2001; Pessoa, 2010). In this regard, it has been observed
that, in patients with pathological neglect, the happy and angry
faces were both more effective than neutral faces in reducing
rightward bisection bias (Tamietto et al., 2005). However, the few
studies that explored in healthy controls the effect of emotional
faces on the pseudoneglect phenomenon produced conflicting
results (see, for a review, Strappini et al., 2021). To the best of our
knowledge, only a few studies have specifically investigated how the
presentation of emotional faces with positive and negative valence
modulated performance on perceptual line bisection (Armaghani
et al., 2014; Cattaneo et al., 2014a; Hatin and Sykes Tottenham,
2016; Leggett et al., 2016). Two studies (Cattaneo et al., 2014a; Hatin
and Sykes Tottenham, 2016) found that positive emotion (i.e.,
happy faces) induces a decrement of pseudoneglect (i.e., attenuates
the leftward bias); one investigation reported mixed results (Leggett
et al,, 2016) and another (Armaghani et al., 2014) observed that
both happy and sad faces enhanced the leftward bias compared to
neutral faces.
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This extreme variability in experimental results could be
explained by considering individual differences. In fact, those very
few studies that explored the effect of self-reported emotions
and traits on pseudoneglect showed that positive affect (Drake
and Myers, 2006) and positive attitude (Somma et al., 2021)
are correlated with a rightward bias. Conversely, a recent study
(Somma et al., 2021) investigating the impact of stressful situations
(COVID-19 restrictions) on visuospatial attention found a positive
correlation between the magnitude of pseudoneglect (probably
due to greater activity in the right hemisphere) and perceived
distress. This evidence suggests the need to gain a deeper
understanding of the role of internal emotional states in the
modulation of pseudoneglect. Specifically, since it has been found
that higher levels of anxiety are related to hyperactivation of
the right frontal and parietal cortex (Tomarken and Davidson,
1994; Blackhart et al., 2006; Mathersul et al, 2008), it may
be that individual differences in trait anxiety can influence the
magnitude of pseudoneglect phenomena. High-anxiety subjects
may indeed exhibit a greater leftward bias in the bisection task
(pseudoneglect) as a consequence of greater tonic activation of the
right hemisphere.

Hence, the main aim of this study was to explore, for
the first time, the relationship between trait anxiety and the
pseudoneglect phenomenon. This topic may also be relevant to
clarify previous research on visual attention bias. In fact, individual
differences in emotional states, such as trait anxiety, may explain
the inconsistency in the literature on pseudoneglect (Armaghani
et al., 2014; Cattaneo et al., 2014a; Hatin and Sykes Tottenham,
2016; Leggett et al., 2016).

For our purpose, we assessed high- and low-anxiety
participants using a line bisection task with emotional faces
as flankers [the same used in Cattaneo et al. (2014a)]. Each test
consisted of estimating the center of a line (of two different
lengths and placed in different positions on the screen)
flanked by two empty circles or containing a neutral, happy,
or sad face.

2. Materials and methods

2.1. Participants

A total of 60 volunteers (32 women, mean age = 24.60;
SD = 3.01; age range: 18-31 years) were randomly selected from
the psychology students’ community of the University of Florence.
The sample size was based on a Power (1 - beta) of 0.95 with an
effect size of f = 0.38 (Cattaneo et al,, 2014a) and alpha = 0.05.
We computed (G*Power 3.1.9.7; Faul et al., 2007) a total sample
size of at least 16 participants. We recruited a sample of 60 subjects,
reaching a greater sensitivity up to f = 0.19. All participants were
right-handed, had normal or corrected-to-normal vision, and had
no history of mental illness. Participants were administered the
Ttalian version of the subscale STAI-T of the State Trait Anxiety
Inventory (STAI; Spielberger et al., 1970; Sanavio et al., 1997).
Cronbach’s alpha: 0.90. The STAI-T consists of a 20-item scale
that measures relatively stable individual differences in anxiety
propensity or differences in the predisposition to experience
anxiety states. High-anxiety trait subjects were more susceptible to
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responding to situations perceived as threatening with significant
increases in anxiety. A cut-off of 40 has been considered optimal
to screen for the possible presence of anxiety disorders (Van Dam
et al,, 2013). We divided participants into high- and low-anxiety
groups by the median split of the STAI-T score, which was 39,
so that all the high-anxiety subjects had STAI-T scores >40 (see
Figure 1).

Each group, the high-anxiety group (17 women, mean
age = 24.40; SD = 3.31; age range: 18-30 years; mean STAI-
T = 54.00; SE = 1.70) and the low-anxiety group (15 women,
mean age = 24.80; SD = 2.66; age range: 21-30 years; mean
STAI T= 30.36; SE = 0.79) was composed of 30 subjects. Two
groups differed for STAI-T (p < 0.001) and did not differ for age
(p = 0.613).

All participants gave their written informed consent to
the procedure and the processing of personal data. The
data were collected and processed anonymously. Prior to
the evaluation, each subject was blind to the purpose of the
study, which was carefully explained after the completion of
the evaluation.

2.2. Face stimuli

The face set consisted of four different young Caucasian female
identities and four male identities selected from the KDEF database
(Lundgqvist et al., 1998). For each face identity, we selected neutral,
happy, and sad expressions (Figure 1) so that we could collect 24
facial stimuli (12 women and 12 men). We compared the value
of arousal in the faces using a t-test (Lundqvist et al., 1998). This
allowed us to check that (a) the happy and sad faces did not
differ from each other for mean arousal (p; > 0.05) and (b) both
happy and sad faces differ from neutral faces for mean arousal (for
both ps < 0.05).

2.3. Bisection task

Every trial was characterized by the presence of a black line
flanked by two circles (diameter of 2.5°, placed at a distance of seven
pixels from the ends of the line).

The task
“baseline condition”

included four experimental conditions: a

and three “emotional face conditions.”
In the “baseline condition,” the circles were empty; in the
“emotional face conditions,” the circles contained a face with a
happy, sad, or neutral emotional expression.

To increase stimulus variability and reduce the possibility of
estimating the center of the line by taking reference points on
the frame of the screen, two different line lengths were used,
measuring 8° (8cm) and 12° (12 cm), that could appear in eight
different positions: lines were always displaced 1° right or left from
the center and displaced 1° or 3° up or down from the center.
Thus, in each of the four experimental conditions, long and short
lines appeared the same number of times in each of the eight
possible positions.

We presented emotional expression in blocks; the decision
was derived from the observation of the results reported by
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Frequency histogram of the STAI-T scores: the y-axis represents the number of participants, and the x-axis represents the STA/-T scores. The black
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Schepman et al. (2012). In their experiment, the authors noticed
a specific bias in a dichotic listening paradigm as a function of
emotional valence that emerged only in the condition in which
emotional stimuli were divided by blocks, and they found their
results in accordance with Kinsbourne’s hemispheric activation
theory (1970), assuming that prolonged exposition to the same
emotion would have been more able to promote the activation of
the more specialized frontal areas depending on the value.

In the present experiment, for all participants, an experimental
trial started from the baseline block, while the order of presentation
of the other three blocks with emotional faces was randomized and
counterbalanced across subjects. Before the experimental phase, a
training phase was carried out to familiarize the participants with
the task.

The baseline block consisted of 16 trials, eight for each line
length, while the emotional faces block consisted of 32 trials. Each
of the 24 facial stimuli appeared the same number of times at the
left end and at the right end of the line. In each trial, the faces
used as flankers belonged to the same gender, always expressing the
same emotion. Each face was also presented in combination with
itself and twice with other faces of the same gender (once as a left
and once as a right flanker) and expressed the same emotion. For
example, two faces flanked the short line in a trial, and in another
trial of the same block, they appeared inverted at both ends of the
long line.

Participants were instructed to move the mouse pointer and
select the midpoint of each line by clicking the left mouse button
as accurately as possible. The mouse pointer was constrained
to a vertical arrow and could be moved only in the horizontal
plane, five pixels below the line. For each trial, the starting
position of the mouse pointer was randomly assigned to the
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left or right end of the line on the screen. The line remained
on the screen until a response was made. To make sure that
each participant paid attention to the flankers, at the beginning
of the emotional block, they were instructed to perform a
memory test after every bisection test. Particularly after the
line center had been estimated, the line disappeared and a
single face appeared centrally. Participants had to indicate if
the face was the same as one of the two that flanked the line
in the bisection trial just conducted. They had to report their
answer by pressing the left (yes) or right (no) mouse button,
respectively. Refer to Figure2 for the trial representation. The
faces presented in the memory test always belonged to the
same gender and showed the same emotion as the faces used
as flankers in the previous trial. Furthermore, for half of the
trials, they were the same as one of the flankers used in the
bisection task (half of the time the same as the one on the left,
the other half to the right). Task execution was performed in
approximately 17/20 min.

2.4. Procedure

Participants underwent a computerized version of the line
bisection task using the face stimuli as flankers (Cattaneo
et al., 2014a). The open-source software OpenSesame 3.2.6
Kafkaesque Koftka (Mathot et al., 2012) was used for stimuli
production and response recording. Participants were seated in
front of a 15.6-inch laptop screen (1,366 x 768 pixels) at
an approximate distance of 57 cm. After the task, participants
filled in the STAI-T. The experiment required approximately half
an hour.
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(A) Examples of face stimuli used as flankers in the line bisection task. (B) Illustration of the phases of the experimental test. Each line appeared
randomly in eight different positions and was flanked by a face at both ends of the same kind and with the same emotional value. Each test followed
a memory test. Facial images correspond to identity AFO6, AF17, and BM11 from the KDEF open-access database, with permission from the
‘Psychology section, Department of Clinical Neuroscience, Karolinska Institute, Stockholm, Sweden'. Available online at: https://kdef.se/download-2/.

3. Results

To confirm previous studies that employed the bisection task
(Cattaneo et al., 2014a,b), we first analyzed the global performance
of the 60 participants (not considering the differences in trait
anxiety scores).

3.1. Accuracy on the memory task of all
subjects

As it has been done in previous studies (Cattaneo et al., 2012,
2014a,b), to verify that participants paid attention to the faces

that flanked the lines, we analyzed the accuracy of the recognition
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memory task with a repeated measure ANOVA with two levels
of factor Side (left vs. right) and three levels of factor condition
(neutral, sad, and happy faces). No main effect or interaction was
significant (all p; > 0.05). However, accuracy was high in all the
conditions (neutral = 0.940, SD = 0.103; sad = 0.936, SD = 0.109;
happy = 0.945, SD = 0.104), indicating that the participants did
pay attention to the faces.

3.2. Bisection task performance of all the
subjects

Responses were quantified as deviations from the

veridical line midpoint by means of signed percentage scores
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(Cattaneo et al, 2014a). Specifically, the bisection bias was
quantified as the difference between the chosen midpoint
(calculated from the left extremity of the line) and the true
half-length. Both measures were estimated in pixels. The sign
of this score could be either positive or negative, reflecting a
mid-point estimation on the right or left side of the true line
center, respectively. Finally, this value was divided by the true
half-length and multiplied by 100. This score represents, therefore,
a proportion of the bisection bias in online length. As such, it does
not allow the investigation of the effects of line length differences
per se, as the proportion rules out information about the original
line size. Therefore, the score standardizes the bias effect among
different lengths.

First, we checked that the data were normally distributed
using the Kolmogorov-Smirnov test. The results showed normal
distributions for all conditions (Baseline, Neutral, Sad, and Happy;
all p; > 0.05). To verify the presence of pseudoneglect in our
participants, we performed a series of one-sample t-tests (f-tests
against 0) on the mean bisection bias of each participant, separately
on all conditions (Baseline, Neutral, Sad, and Happy). The results
showed that the pseudoneglect was present for the following
conditions: Baseline: mean (SE £ 0.29) = —0.80, t = —2.77,
p = 0.004; Neutral: mean (SE £+ 0.25) = —0.60, t = —2.36,
p=0.011; and Sad: mean (SE £0.26) = —0.72, t = —2.82, p = 0.003,
but not for the condition Happy: mean (SE &+ 0.25) = —0.09;
t=-0.49,p=0.314.

The one-sample t-tests were complemented by a repeated-

measure ANOVA with four levels of the factor condition (Baseline,
Neutral, Sad, and Happy); this analysis was conducted on the
mean bisection bias of each participant. To correct the mean
(SE +0.29) = —0.80, violations of the sphericity assumption,
and inherent in repeated-measure designs, the Greenhouse—
Geisser correction was applied, and the adjusted degrees of
freedom rounded to the nearest whole number are reported.
The results evidenced a significant main effect of condition:
F(3,160) = 2.863; p = 0.043, nf) = 0.705. Post-hoc t-test showed
—0.09; SE = 0.25) reduced the
pseudoneglect (they shifted the bisection bias significantly to

that happy faces (mean =

the right) compared to Baseline (mean = —0.80; SE = 0.29;
p = 0.008), neutral faces (mean = —0.60; SE = 0.25; p = 0.044),
and sad faces (mean = —0.72; SE = 0.26; p = 0.005; see
Figure 3).

In a similar way to what was done to analyze the performances
of all

and then the bisection task performance as a function of

subjects, we examined prior recognition memory

trait anxiety.

3.3. Accuracy on memory task as a function
of trait anxiety

A repeated measure ANOVA with two levels of the factor
side (left vs. right), three levels of the factor condition (neutral,
sad, and happy faces), and two levels of groups (high-anxiety vs.
low-anxiety) as a between-subjects factor was conducted on the
accuracy scores of each subject. No main effect or interaction
reached significance (all ps > 0.05).
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3.4. Bisection task as a function of trait
anxiety

To verify the relationship between trait anxiety and the
pseudoneglect phenomenon, we performed a correlation analysis
between the STAI-T scores and the mean bisection bias of
participants for the four conditions (Baseline, Neutral, Sad, and
Happy). The results showed a significant correlation for the
following conditions: Neutral (r = —0.44; p = 0.001), Sad
(r=—0.41; p = 0.001), and Happy (r = —0.35; p = 0.007).

To investigate this association between the trait anxiety and the
mean bisection performance more systematically, we performed a
series of sample ¢-tests (-tests against 0) within each group (high-
anxiety and low-anxiety separately) on the conditions (Baseline,
Neutral, Sad, and Happy). In the low-anxiety group, the results
showed that the pseudoneglect was present only for the condition
(Baseline: t = —1.68, p = 0.05), but not for the other conditions
(Neutral: t = 0.06, p = 0.48; Sad: t = 0.47, p = 0.32; and Happy:
t = 1.13, p = 0.13). In the high-anxiety group, the results showed
that the pseudoneglect was present in all the following conditions:
Baseline: t = —2.23, p = 0.017; Neutral: t = —3.36, p = 0.001;
Sad: t = —5.34, p < 0.001; and Happy: t = —2.13, p = 0.021.
For the low-anxiety participants, the mean values were as follows:
Baseline = —0.66, SE = 0.4; Neutral = 0.02, SE = 0.32; Sad = 0.16,
SE = 0.35; and Happy = 0.43, SE = 0.38. For the high-anxiety
participants, the mean values were as follows: Baseline = —0.95,
SE = 0.43; Neutral = —1.21, SE = 0.36; Sad = —1.60, SE = 0.30;
and Happy = —0.68, SE = 0.32.

To compare the performance between the groups, we
performed a repeated-measure ANOVA with two levels of groups
(high-anxiety vs. low-anxiety) as a between-subjects factor and
four levels of condition (Baseline, Neutral, Sad, and Happy) as
a within-subjects factor. This analysis evidenced the main effect
of the groups, F(55 =7.350; p = 0.009, ny = 0.112 (high-
anxiety: mean = —1.111, SE = 0.29; low-anxiety: mean = —0.010,
SE = 0.28), indicating that pseudoneglect (leftward bisection
error) was greater in the high-anxiety subjects compared to the
low-anxiety subjects. Moreover, the significant main effect of
condition, F3160) =2.960; p = 0.038, nf, = 0.049, showed that
pseudoneglect was greater when the lines were flanked by sad
faces (mean = —0.72; SE = 0.26); compared with happy faces
(mean = —0.09; SE = 0.25; p = 0.044).

Furthermore, the significant interaction condition x group,
Fiie0) = 2.997; p = 0.036, nf, = 0.049 emerged. Post-hoc
comparison, computed with Bonferroni’s correction, showed
that the high-anxiety participants had greater pseudoneglect
compared to the low-anxiety participants for neutral (high-anxiety:
mean = —1.21, SE = 0.36; low-anxiety: mean = 0.02, SE = 0.32;
p = 0.013), sad (high-anxiety: mean = —1.60, SE = 0.30; low-
anxiety: mean = 0.16, SE = 0.35; p = 0.001), and happy faces
(high-anxiety: mean = —0.68, SE = 0.32; low-anxiety: mean = 0.43,
SE = 038 p =
bisection performance was evidenced for the lines flanked by empty

0.029). No difference between groups in the

circles (Baseline; high-anxiety: mean = —0.95, SE = 0.43; low-
anxiety: mean = —0.66, SE = 0.4; p = 0.615). In addition, the
post-hoc comparison computed within groups evidenced that in
the high-anxiety group, pseudoneglect was significantly reduced
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(reduction of leftward shift) for happy faces (mean = —0.68,
SE = 0.32) compared to sad faces (mean = —1.60, SE = 0.30,
p = 0.021). Differently, in the low-anxiety group, pseudoneglect
was significantly reduced for happy (mean = 0.43, SE = 0.38)
compared to Baseline (mean = —0.66, SE = 0.4; p = 0.027; see
Figure 4).

4. Discussion

The present study was conducted with the aim of shedding light
on the role of emotion in modulating pseudoneglect in view of the
mixed results of the few previous studies that investigated how the
presentation of emotional faces with positive and negative valence
moderated performance on the line bisection task (Armaghani
et al., 2014; Cattaneo et al., 2014a; Hatin and Sykes Tottenham,
2016; Leggett et al., 2016). An additional objective was to explore
whether and to what extent trait anxiety may influence the
pseudoneglect phenomenon. The hypothesis that anxiety or stress
may modulate the extent of attentional bias in bisection line
performance has been scarcely investigated (Drake and Myers,
2006; Somma et al., 2021), despite the evidence that negative self-
reported affect can be associated with hyperactivation of the right
frontal and parietal cortex (Davidson and Hugdahl, 1995; Blackhart
et al., 2006; Mathersul et al., 2008).

When we take into account the performance of all participants
in the current investigation, our results are consistent with
two previous studies (Cattaneo et al., 2014a; Hatin and
Sykes Tottenham, 2016), showing that happy faces decrease
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pseudoneglect, reducing the leftward bisection error when
compared to Baseline (empty circle flanked lines), as well
as to neutral and negative (sad faces) stimuli. The extent of the
pseudoneglect in our results is substantially comparable to previous
studies (Cattaneo et al, 2014a,b; Hatin and Sykes Tottenham,
2016). The neurobiological underpinnings of the leftward bias
(pseudoneglect) are likely to depend on hemispheric asymmetries
in attentional frontoparietal networks, which are modulated by
emotional processing (de Schotten et al., 2005; Corbetta et al., 2008;
Bartolomeo and Malkinson, 2019). Specifically, the finding that
happy faces enhance the allocation of spatial attention toward the
right hemispace is consistent with the “valence-specific hypothesis”
(Reuter-Lorenz et al., 1983; Davidson, 1992, 1998), which postulates
that positive emotions preferentially activate the left hemisphere,
whereas negative emotions would mainly be processed by the
right hemisphere.

Further evidence of a different involvement of the hemispheres
in positive vs. negative emotional states (“valence-specific
hypothesis™: Reuter-Lorenz et al., 1983; Davidson, 1992, 1998) also
emerges when we take into account the impact of trait anxiety
on the pseudoneglect phenomenon. Remarkably, although we
evaluated a non-clinical population, the high-anxiety individuals
we identified by the median split of the STAI-T values at a score
of 39 can be considered a population with the possible presence
of anxiety disorders (Van Dam et al., 2013; Balsamo and Carlucci,
2020).

Our high-anxiety participants showed a significantly greater
leftward bisection shift when compared to low-anxiety subjects
in all the conditions, excluding Baseline. Indeed, in the baseline
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condition, both groups did not differ in showing the leftward
bisection error. This finding is in line with most studies reporting
the pseudoneglect phenomenon (Jewell and McCourt, 2000;
Friederich et al., 2018). Thus, results clearly indicate that between
groups, observed differences were specifically driven by the faces.
This possibility is supported by an extensive literature review that
investigated the effect of emotions on visual attention as a function
of anxiety (Bradley et al., 1998; Pishyar et al., 2008). Indeed, several
studies found a modulation of vigilance toward faces, and especially
toward emotional negative expression, in high- and low-anxiety
individuals (Bar-Haim et al., 2007; Frewen et al., 2008; Schulz et al.,
2013). Faces and facial expressions may be especially important for
anxious individuals since this information may inform them about
threats, negative situations, and/or evaluation by others (Rapee
and Heimberg, 1997). This is also confirmed by neurophysiological
studies that examined trait anxiety-related attentional bias (Fox
etal., 2008; Eldar et al., 2010), showing that very early differences in
the processing of faces and emotional faces between high- and low-
anxiety subjects may be due to enhanced attentional processing in
the visual cortex, which correlates with increased amygdala activity
(Carlson et al., 2009).

Consistent with this literature, we found that high-anxiety
participants allocated visual attention differently from low-anxiety
participants, exhibiting greater pseudoneglect in all the conditions
in which bisection lines were flanked by faces. Furthermore, post-
hoc comparison within our groups showed that, although the
pseudoneglect persists in high-anxiety participants, it decreases
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(smaller leftward bisection shift) for happy faces compared to the
other face expressions (both sad and neutral). Conversely, in the
low-anxiety group, there was no pseudoneglect in any of the face
conditions (happy, sad, and neutral), which did not differ from
each other.

Based on the results obtained, it can be hypothesized that
the high-anxiety trait increases pseudoneglect through enhanced
right hemispheric activity. Conversely, a low level of anxiety,
corresponding to positive emotional status and wellbeing, can
reduce the pseudoneglect by increasing the left hemispheric
activation (and hence reducing or eliminating the leftward
bisection shift). Our hypothesis agrees with previous evidence
of a predominant right hemisphere activity during negative and
stressful situations (Compton et al, 2000; Ocklenburg et al,
2016; Bartolomeo and Malkinson, 2019; Somma et al., 2021).
Several studies found, in fact, that acute and chronic distress can
thus influence lateralized behavior in humans and animals as a
result of higher right-hemisphere activation (Ocklenburg et al.,
2016). A recent study (Somma et al., 2021), which investigated
the impact of stressful situations (COVID-19 restrictions) on
visuospatial attention, found that the pseudoneglect increment
(hence, greater activation of the right hemisphere) was positively
correlated with perceived distress and negatively correlated with
a positive attitude. While right hemispheric asymmetry seems
involved in distress conditions such as high anxiety, resiliency
(Kong et al., 2018), and positive emotional states (Somma et al.,
2021) seem to be associated mainly with left hemispheric activity.
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As reported by Santarnecchi and colleagues (2018), positive
coping strategies would indeed relate to greater left hemisphere
activation and connectivity, particularly concerning the left angular
gyrus. The neural mechanisms underlying these emotion-related
asymmetries are, however, still under debate. In fact, some studies
(Soares et al., 2013; Santarnecchi et al., 2018; Brem et al., 2020)
suggest that distress may produce, over time, an increment in the
connectivity in the right hemisphere attentional networks (and
hence hyperactivation of the right hemisphere). Differently, other
studies (Eden et al., 2015) that found a reduction in the connectivity
between the amygdala and ventro-medial prefrontal cortex of
the right hemisphere in persons with high-anxiety traits attribute
the anxiety-related hyperactivation of the right hemisphere to
failure in modulation and suppression of the activity of the right
amygdala (and hence hyperstimulation of the right prefrontal
cortex).

Regardless of the neural underpinnings, the anxiety-related
hyperactivation of the right hemisphere may explain why our high-
anxiety participants showed greater pseudoneglect (more leftward
shift) in all the line bisection conditions with faces (when compared
to low-anxiety participants) and also why there was no reduction of
pseudoneglect for happy faces. Some evidence (Eden et al., 2015)
showed stronger connectivity between the amygdala and ventro-
medial right prefrontal cortex in people with low-anxiety traits. It
may be that our low-anxiety group did not show pseudoneglect for
face conditions (happy, sad, and neutral) because they are able to
both better suppress the activity of the right amygdala and activate
emotion regulation and re-appraisal, which are primarily associated
with left-hemispheric processing in these structures (Kim and Bell,
2006; Kim et al., 2012).

All in all, by highlighting the difference in the pattern of
allocation of visual attention in low- and high-anxiety subjects
(likely due to the different engagement of the two hemispheres
in trait anxiety), the present study contributes to clarifying the
variability in the results of previous studies on pseudoneglect
(Armaghani et al., 2014; Cattaneo et al., 2014a; Hatin and Sykes
Tottenham, 2016; Leggett et al, 2016). In fact, considerable
discrepancies exist in the literature reporting how the presentation
of emotional faces with positive and negative valence modulated
the performance on the perceptual line bisection, which may also be
due to individual differences in the anxiety levels of the participants.
In this vein, our work contributes to a better understanding
of the spatial attentional bias as it stresses the relevance of

References

Adolphs, R., Jansari, A., and Tranel, D. (2001). Hemispheric perception
of emotional valence from facial expressions. Neuropsychology 15, 516.
doi: 10.1037/0894-4105.15.4.516

Adolphs, R., and Spezio, M. (2006). Role of the amygdala in processing visual social
stimuli. Prog. Brain Res. 156, 363-378. doi: 10.1016/S0079-6123(06)56020-0

Armaghani, S. J, Crucian, G. P, and Heilman, K. M. (2014).

The influence of emotional faces on the spatial allocation of
attention. Brain Cogn. 91, 108-112. doi: 10.1016/j.bandc.2014.
09.006

Azouvi, P., Bartolomeo, P., Beis, J. M., Perennou, D., Pradat-Diehl, P., Rousseaux,
M, et al. (2006). A battery of tests for the quantitative assessment of unilateral neglect.
Restor. Neurol. Neurosci. 24, 273-285.

Frontiersin Human Neuroscience

10.3389/fnhum.2023.1201898

considering emotional individual differences in studying the
pseudoneglect phenomenon.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, upon reasonable request to
interested researchers.

Ethics statement

The studies involving human participants were reviewed and
approved by Commissione Etica per la Ricerca - University
of Florence. The patients/participants provided their written
informed consent to participate in this study.

Author contributions

Conceptualization: MPV, SR, MTT, and FG. Methodology: GR,
VB, and SR. Formal analysis: VB, MTT, and GR. Writing—original
draft preparation: MPV, FG, and SR. Writing—review and editing:
MPYV and SR. All authors have read and agreed to the published
version of this manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Balsamo, M. L., and Carlucci, L. (2020). Italians on the age of COVID-19: the self-
reported depressive symptoms through web-based survey. Front. Psychol. 11, 569276.
doi: 10.3389/fpsyg.2020.569276

Bar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., and Van
Ijzendoorn, M. H. (2007). Threat-related attentional bias in anxious and nonanxious
individuals: a meta-analytic study. Psychol. Bull. 133, 1. doi: 10.1037/0033-2909.133.1.1

Bartolomeo, P., and Malkinson, T. S. (2019). Hemispheric lateralization
of attention processes in the human brain. Curr. Opin. Psychol. 29, 90-96.
doi: 10.1016/j.copsyc.2018.12.023

Blackhart, G. C., Minnix, J. A., and Kline, J. P. (2006). Can EEG asymmetry patterns
predict future development of anxiety and depression? A preliminary study. Biol.
Psychol. 72, 46-50. doi: 10.1016/j.biopsycho.2005.06.010

frontiersin.org


https://doi.org/10.3389/fnhum.2023.1201898
https://doi.org/10.1037/0894-4105.15.4.516
https://doi.org/10.1016/S0079-6123(06)56020-0
https://doi.org/10.1016/j.bandc.2014.09.006
https://doi.org/10.3389/fpsyg.2020.569276
https://doi.org/10.1037/0033-2909.133.1.1
https://doi.org/10.1016/j.copsyc.2018.12.023
https://doi.org/10.1016/j.biopsycho.2005.06.010
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org

Righi et al.

Bonato, M., Priftis, K., Marenzi, R., and Zorzi, M. (2008). Modulation of hemispatial
neglect by directional and numerical cues in the line bisection task. Neuropsychologia
46, 426-433. doi: 10.1016/j.neuropsychologia.2007.08.019

Borod, J. C., Bloom, R. L., Brickman, A. M., Nakhutina, L., and Curko, E. A.
(2002). Emotional processing deficits in individuals with unilateral brain damage. Appl.
Neuropsychol. 9, 23-36. doi: 10.1207/S15324826 AN0901_4

Borod, J. C., Cicero, B. A., Obler, L. K., Welkowitz, J., Erhan, H. M., Santschi,
C,, et al. (1998). Right hemisphere emotional perception:e across multiple channels.
Neuropsychology 12, 446-458. doi: 10.1037/0894-4105.12.3.446

Bradley, B. P., Mogg, K., and Falla, S. J. L. R. (1998). Attentional bias for threatening
facial expressions in anxiety: manipulation of stimulus duration. Cogn. Emot. 12,
737-753. doi: 10.1080/026999398379411

Brem, C,, Lutz, J., Vollmar, C., Feuerecker, M., and Strewe, C. Nichiporuk, Vassilieva
G. Schelling G., Choukér A. (2020). Changes of brain DTI in healthy human subjects
after 520 days isolation and confinement on a simulated mission to Mars. Life Sci. Space
Res. 24, 83-90. doi: 10.1016/j.1ss1.2019.09.004

Bultitude, J. H., and Davies, A. M. A. (2006). Putting attention on the line:
investigating the activation-orientation hypothesis of pseudoneglect. Neuropsychologia
44, 1849-1858. doi: 10.1016/j.neuropsychologia.2006.03.001

Carlson, J. M., Reinke, K. S., and Habib, R. (2009). A left amygdala mediated
network for rapid orienting to masked fearful faces. Neuropsychologia 47, 1386-1389.
doi: 10.1016/j.neuropsychologia.2009.01.026

Cattaneo, Z., Fantino, M., Mancini, F., Mattioli, F., and Vallar, G. (2012). Listening
to numbers affects visual and haptic bisection in healthy individuals and neglect
patients. Neuropsychologia 50, 913-925. doi: 10.1016/j.neuropsychologia.2012.01.031

Cattaneo, Z., Lega, C., Boehringer, J., Gallucci, M., Girelli, L., Carbon, C. C,, et al.
(2014a). Happiness takes you right: the effect of emotional stimuli on line bisection.
Cogn. Emot. 28, 325-344. doi: 10.1080/02699931.2013.824871

Cattaneo, Z., Schiavi, S., Lega, C., Renzi, C., Tagliaferri, M., Boehringer, J., et al.
(2014b). Biases in spatial bisection induced by viewing male and female faces. Exp.
Psychol. 61, 1-10. doi: 10.1027/1618-3169/a000256

Compton, R. J., Heller, W., Banich, M. T., Palmieri, P. A., and Miller, G. A.
(2000). Responding to threat: hemispheric asymmetries and interhemispheric division
of input. Neuropsychology 14, 254. doi: 10.1037/0894-4105.14.2.254

Corbetta, M., Patel, G., and Shulman, G. L. (2008). The reorienting system
of the human brain: from environment to theory of mind. Neuron 58, 306-324.
doi: 10.1016/j.neuron.2008.04.017

Corbetta, M., and Shulman, G. L. (2011). Spatial neglect and attention networks.
Annu. Rev. Neurosci. 34, 569-599. doi: 10.1146/annurev-neuro-061010-113731

Davidson, R. J. (1992). Anterior cerebral asymmetry and the nature of emotion.
Brain Cogn. 20, 125-151. doi: 10.1016/0278-2626(92)90065-T

Davidson, R. J. (1998). Affective style and affective disorders: perspectives from
affective neuroscience. Cogn. Emot. 12, 307-330. doi: 10.1080/026999398379628

Davidson, R. J., and Hugdahl, K. (1995). Brain Asymmetry. Cambridge, MA:
MIT, 361-387.

de Schotten, M. T., Urbanski, M., Duffau, H., Volle, E., Lévy, R., Dubois, P., et al.
(2005). Direct evidence for a parietal-frontal pathway subserving spatial awareness in
humans. Science 309, 2226-2228. doi: 10.1126/science.1116251

Dolan, R. J. (2002). Emotion, cognition, and behavior. Science 298, 1191-1194.
doi: 10.1126/science.1076358

Drake, R., and Myers, L. (2006). Visual attention, emotion, and action tendency:
feeling active or passive. Cogn. Emot. 20, 608-622. doi: 10.1080/02699930500368105

Eden, A. S., Schreiber, J., Anwander, A., Keuper, K., Laeger, 1., Zwanzger, P., et al.
(2015). Emotion regulation and trait anxiety are predicted by the microstructure
of fibers between amygdala and prefrontal cortex. J. Neurosci. 35, 6020-6027.
doi: 10.1523/J]NEUROSCI.3659-14.2015

Eldar, S., Yankelevitch, R., Lamy, D., and Bar-Haim, Y. (2010). Enhanced neural
reactivity and selective attention to threat in anxiety. Biol Psychol. 85, 252-257.
doi: 10.1016/j.biopsycho.2010.07.010

Faul, F., Erdfelder, E., Lang, A. G., and Buchner, A. (2007). G*Power 3: a flexible
statistical power analysis program for the social, behavioral, and biomedical sciences.
Behav. Res. Methods 39, 175-191. doi: 10.3758/BF03193146

Fischer, M. H. (2001). Cognition in the bisection task. Trends Cogn. Sci. 11, 460-462.
doi: 10.1016/S1364-6613(00)01790-3

Fox, E., Derakshan, N., and Shoker, L. (2008). Trait anxiety modulates the
electrophysiological indices of rapid spatial orienting towards angry faces. Neuroreport
19, 259-263. doi: 10.1097/WNR.0b013e3282f53d2a

Frewen, P. A., Dozois, D. J., Joanisse, M. F., and Neufeld, R. W. (2008).
Selective attention to threat versus reward: meta-analysis and neural-network modeling

of the dot-probe task. Clin. Psychol. Rev. 28, 307-337. doi: 10.1016/j.cpr.2007.
05.006

Friederich, T. E., Hunter, V. P, and Elias, L. J. (2018). The trajectory of
pseudoneglect in adults: a systematic review. Neuropsychol. Rev. 28, 436-452.
doi: 10.1007/s11065-018-9392-6

Frontiersin Human Neuroscience

10.3389/fnhum.2023.1201898

Gainotti, G. (2005). Emotions, unconscious processes, and the right hemisphere.
Neuropsychoanalysis 7, 71-81. doi: 10.1080/15294145.2005.10773475

Hatin, B., and Sykes Tottenham, L. (2016). Whats in a line? Verbal, facial,
and emotional influences on the line bisection task. Laterality 21, 689-708.
doi: 10.1080/1357650X.2015.1134562

Jewell, G., and McCourt, M. E. (2000). Pseudoneglect: a review and meta-
analysis of performance factors in line bisection tasks. Neuropsychologia 38, 93-110.
doi: 10.1016/50028-3932(99)00045-7

Kim, K. J., and Bell, M. A. (2006). Frontal EEG asymmetry and regulation during
childhood. Ann. N. Y. Acad. Sci. 1094, 308-312. doi: 10.1196/annals.1376.040

Kim, S. H., Cornwell, B, and Kim, S. E. (2012). Individual differences in
emotion regulation and hemispheric metabolic asymmetry. Biol. Psychol. 89, 382-386.
doi: 10.1016/j.biopsycho.2011.11.013

Kong, F., Ma, X,, You, X., and Xiang, Y. (2018). The resilient brain: psychological
resilience mediates the effect of amplitude of low-frequency fluctuations in
orbitofrontal cortex on subjective well-being in young healthy adults. Soc. Cogn. Affect.
Neurosci. 13, 755-763. doi: 10.1093/scan/nsy045

Leggett, N. C., Thomas, N. A., and Nicholls, M. E. (2016). End of the line: line
bisection, an unreliable measure of approach and avoidance motivation. Cogn. Emot.
30, 1-16. doi: 10.1080/02699931.2015.1053842

Lundgqvist, D., Flykt, A., and Ohman, A. (1998). The Karolinska Directed Emotional
Faces - KDEF. Solna: Karolisnka Institut. doi: 10.1037/t27732-000

Mandal, M. K., and Ambady, N. (2004). Laterality of facial expressions
of emotion: universal and culture-specific influences. Behav. Neurol. 15, 23-34.
doi: 10.1155/2004/786529

Mathersul, D., Williams, L. M., Hopkinson, P. J., and Kemp, A. H. (2008).
Investigating models of affect: relationships among EEG alpha asymmetry, depression,
and anxiety. Emotion 8, 560-572. doi: 10.1037/a0012811

Mathét, S., Schreij, D., and Theeuwes, J. (2012). OpenSesame: an open-source,
graphical experiment builder for the social sciences. Behav. Res. Methods 44, 314-324.
doi: 10.3758/s13428-011-0168-7

Nicholls, M. E., and Roberts, G. R. (2002). Can free-viewing perceptual asymmetries
be explained by scanning, pre-motor or attentional biases? Corfex 38, 113-136.
doi: 10.1016/S0010-9452(08)70645-2

Ocklenburg, S., Friedrich, P., Guntiirkiin, O., and Geng, E. (2016). Intrahemispheric
white matter asymmetries: the missing link between brain structure and functional
lateralization? Rev. Neurosci. 27, 465-480. doi: 10.1515/revneuro-2015-0052

Pessoa, L. (2010). Emergent processes in cognitive-emotional interactions.
Dialogues Clin. Neurosci. 12, 433. doi: 10.31887/DCNS.2010.12.4/Ipessoa

Phelps, E. A., Ling, S., and Carrasco, M. (2006). Emotion facilitates perception
and potentiates the perceptual benefits of attention. Psychol. Sci. 17, 292-299.
doi: 10.1111/j.1467-9280.2006.01701.x

Pishyar, R., Harris, L. M., and Menzies, R. G. (2008). Responsiveness of measures
of attentional bias to clinical change in social phobia. Cogn. Emot. 22, 1209-1227.
doi: 10.1080/02699930701686008

Ranzini, M., Borghi, A. M., and Nicoletti, R. (2011). With hands I do not
centre! Action- and object-related effects of hand-cueing in the line bisection.
Neuropsychologia 49, 2918-2928. doi: 10.1016/j.neuropsychologia.2011.06.019

Ranzini, M., and Girelli, L. (2012). Exploiting illusory effects to disclose similarities
in numerical and luminance processing. Atten. Percept. Psychophys. 74, 1001-1008.
doi: 10.3758/s13414-012-0302-3

Rapee, R. M., and Heimberg, R. G. (1997). A cognitive-behavioral model of anxiety
in social phobia. Behav. Res. Ther. 35, 741-756. doi: 10.1016/S0005-7967(97)00022-3

Reuter-Lorenz, P. A., Givis, R. P., and Moscovitc, H. M. (1983). Hemispheric
specialization and the perception of emotion: evidence from right-handers and
from inverted and non-inverted left-handers. Neuropsychologia 21, 687-692.
doi: 10.1016/0028-3932(83)90068-4

Sanavio, E., Bertolotti, G., Michielin, P., Vidotto, G., and Zotti, A. M. (1997).
CBA-2.0. Cogn. Behav. Assess. 2.

Santarnecchi, E., Sprugnoli, G., Tatti, E., Mencarelli, L., Neri, F., Momi, D., et al.
(2018). Brain functional connectivity correlates of coping styles. Cogn. Affect. Behav.
Neurosci. 18, 495-508. doi: 10.3758/s13415-018-0583-7

Schepman, A., Rodway, P., and Geddes, P. (2012). Valence-specific laterality effects
in vocal emotion: interactions with stimulus type, blocking and sex. Brain Cogn. 79,
129-137. doi: 10.1016/j.bandc.2012.03.001

Schulz, C., Mothes-Lasch, M., and Straube, T. (2013). Automatic neural processing
of disorder-related stimuli in social anxiety disorder: faces and more. Front. Psychol. 4,
282. doi: 10.3389/fpsyg.2013.00282

Soares, J. M., Sampaio, A., Ferreira, L. M., Santos, N. C., Marques, P., Marques,
F., et al. (2013). Stress impact on resting state brain networks. PLoS ONE 8, e66500.
doi: 10.1371/journal.pone.0066500

Somma, F., Bartolomeo, P., Vallone, F., Argiuolo, A., Cerrato, A., Miglino, O., et al.
(2021). Further to the left: stress-induced increase of spatial pseudoneglect during the
COVID-19 lockdown. Front. Psychol. 12, 573846. doi: 10.3389/fpsyg.2021.573846

frontiersin.org


https://doi.org/10.3389/fnhum.2023.1201898
https://doi.org/10.1016/j.neuropsychologia.2007.08.019
https://doi.org/10.1207/S15324826AN0901_4
https://doi.org/10.1037/0894-4105.12.3.446
https://doi.org/10.1080/026999398379411
https://doi.org/10.1016/j.lssr.2019.09.004
https://doi.org/10.1016/j.neuropsychologia.2006.03.001
https://doi.org/10.1016/j.neuropsychologia.2009.01.026
https://doi.org/10.1016/j.neuropsychologia.2012.01.031
https://doi.org/10.1080/02699931.2013.824871
https://doi.org/10.1027/1618-3169/a000256
https://doi.org/10.1037/0894-4105.14.2.254
https://doi.org/10.1016/j.neuron.2008.04.017
https://doi.org/10.1146/annurev-neuro-061010-113731
https://doi.org/10.1016/0278-2626(92)90065-T
https://doi.org/10.1080/026999398379628
https://doi.org/10.1126/science.1116251
https://doi.org/10.1126/science.1076358
https://doi.org/10.1080/02699930500368105
https://doi.org/10.1523/JNEUROSCI.3659-14.2015
https://doi.org/10.1016/j.biopsycho.2010.07.010
https://doi.org/10.3758/BF03193146
https://doi.org/10.1016/S1364-6613(00)01790-3
https://doi.org/10.1097/WNR.0b013e3282f53d2a
https://doi.org/10.1016/j.cpr.2007.05.006
https://doi.org/10.1007/s11065-018-9392-6
https://doi.org/10.1080/15294145.2005.10773475
https://doi.org/10.1080/1357650X.2015.1134562
https://doi.org/10.1016/S0028-3932(99)00045-7
https://doi.org/10.1196/annals.1376.040
https://doi.org/10.1016/j.biopsycho.2011.11.013
https://doi.org/10.1093/scan/nsy045
https://doi.org/10.1080/02699931.2015.1053842
https://doi.org/10.1037/t27732-000
https://doi.org/10.1155/2004/786529
https://doi.org/10.1037/a0012811
https://doi.org/10.3758/s13428-011-0168-7
https://doi.org/10.1016/S0010-9452(08)70645-2
https://doi.org/10.1515/revneuro-2015-0052
https://doi.org/10.31887/DCNS.2010.12.4/lpessoa
https://doi.org/10.1111/j.1467-9280.2006.01701.x
https://doi.org/10.1080/02699930701686008
https://doi.org/10.1016/j.neuropsychologia.2011.06.019
https://doi.org/10.3758/s13414-012-0302-3
https://doi.org/10.1016/S0005-7967(97)00022-3
https://doi.org/10.1016/0028-3932(83)90068-4
https://doi.org/10.3758/s13415-018-0583-7
https://doi.org/10.1016/j.bandc.2012.03.001
https://doi.org/10.3389/fpsyg.2013.00282
https://doi.org/10.1371/journal.pone.0066500
https://doi.org/10.3389/fpsyg.2021.573846
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org

Righi et al.

Spielberger, C. D., Gorsuch, R. L., and Lushene, R. E. (1970). STAI: Manual for the
State-Trait Anxiety Inventory. Palo Alto, CA: Consulting Psychologists Press.

Strappini, F., Galati, G., and Pecchinenda, A. (2021). A systematic review
on the interaction between emotion and pseudoneglect. Symmetry 13, 1531.
doi: 10.3390/sym13081531

Tamietto, M., Latini Corazzini, L., Pia, L., Zettin, M., Gionco, M., Geminiani, G.,
et al. (2005). Effects of emotional face cueing on line bisection in neglect: a single case
study. Neurocase 11, 399-404. doi: 10.1080/13554790500259717

Tomarken, A. J., and Davidson, R. J. (1994). Frontal brain activation in
repressors and nonrepressors. J. Abnorm. Psychol. 103, 339. doi: 10.1037/0021-843X.10
3.2.339

Frontiersin Human Neuroscience

11

10.3389/fnhum.2023.1201898

Turano, M. T, Lao, J., Richoz, A. R, de Lissa, P., Degosciu, S. B. A., Viggiano, R.,
etal. (2017). Fear boosts the early neural coding of faces. Soc. Cogn. Affect. Neurosci. 12,
1959-1971. doi: 10.1093/scan/nsx110

Van Dam, N. T, Gros, D. F., Earleywine, M., and Antony, M. M. (2013). Establishing
a trait anxiety threshold that signals likelihood of anxiety disorders. Anxiety Stress
Coping 26, 70-86. doi: 10.1080/10615806.2011.631525

Viggiano, M. P., and Vannucci, M. (2002). Drawing and identifying objects in
relation to semantic category and handedness. Neuropsychologia 40, 1482-1487.
doi: 10.1016/50028-3932(01)00196-8

Vuilleumier, P., and Schwartz, S. (2001). Emotional facial expressions capture
attention. Neurology 56, 153-158. doi: 10.1212/WNL.56.2.153

frontiersin.org


https://doi.org/10.3389/fnhum.2023.1201898
https://doi.org/10.3390/sym13081531
https://doi.org/10.1080/13554790500259717
https://doi.org/10.1037/0021-843X.103.2.339
https://doi.org/10.1093/scan/nsx110
https://doi.org/10.1080/10615806.2011.631525
https://doi.org/10.1016/S0028-3932(01)00196-8
https://doi.org/10.1212/WNL.56.2.153
https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org

	Anxiety is not the right choice! Individual differences in trait anxiety modulate biases in pseudoneglect
	1. Introduction
	2. Materials and methods
	2.1. Participants
	2.2. Face stimuli
	2.3. Bisection task
	2.4. Procedure

	3. Results
	3.1. Accuracy on the memory task of all subjects 
	3.2. Bisection task performance of all the subjects 
	3.3. Accuracy on memory task as a function of trait anxiety
	3.4. Bisection task as a function of trait anxiety

	4. Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Conflict of interest
	Publisher's note
	References


