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Previous studies using the dot-perspective task postulated that people automatically

take into account others’ perspective even when it prevents them from achieving

their own goals. This human ability may be of key importance for the ascription of

mental states and social interactions. The cognitive and emotional determinants of

automatic perspective taking (APT) is still matter of debate. To address this issue,

we examined the performance in the Samson et al. APT task in 91 healthy adults

who underwent a detailed neuropsychological testing including assessment of their

general intelligence (Wechsler Adult Intelligence Scale, WAIS), attention and impulsivity

(Conners’ Continuous Performance Test-II, CPT-II), alexithymia (Toronto Alexithymia

Scale, TAS), and measures of affective empathy and explicit theory of mind (Geneva

Social Cognition Scale, GeSoCS, and mini-Social cognition and Emotional Assessment,

mini-SEA). Univariate and multiple linear regression models (adjusted for age, gender,

and education) were used to explore the association between mean reaction times

(respectively, mean number of errors) in the APT task, and the CPT-II parameters, WAIS

global score (as well as subscale scores), TAS, and GeSoCS and mini-SEA scores.

Only the CPT-II parameters were significantly associated with the mean reaction times.

Increased omissions, commissions, and detectability as well as hit reaction time standard

error in CPT-II were all related to worse performances both in Self and Other conditions.

The mean number of errors was negatively associated with the GeSoCS score. Among

the variables studied, only CPT-II parameters had a significant impact on egocentric

and altercentric interference. Neither global intelligence nor alexithymia have an effect on

dot-perspective task performance. The present findings suggest that people with lower

attentional resources and increased impulsivity display worse performances in the APT

task and are less responsive to both egocentric and altercentric interference.
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INTRODUCTION

Empathy is a complex construct that determines our abilities for
social interaction. It includes an affective component (affective
empathy) that refers to the capacity of sharing emotions and
respond to the emotions of others and a cognitive component
(cognitive empathy) that partly overlaps with the concept of
the theory of mind (ToM), namely, the individual ability
to understand what other people think, and impute desires,
intentions, and beliefs to oneself and others (Decety and Jackson,
2004; Decety and Moriguchi, 2007; Young et al., 2007; Blair,
2008; De Waal, 2008). ToM is an essential parameter in
normal social interactions such as cooperating with colleagues
and family members, thinking about others in their absence
and anticipating their emotional reactions. As such, ToM is
not only a cognitive construct but also involves an affective
dimension based on the empathetic appreciation of the listener’s
emotional state (Shamay-Tsoory et al., 2009). Not surprisingly,
ToM is severely affected in a variety of psychiatric disorders
including autism, schizophrenia, bipolar disorder, and attention-
deficit/hyperactivity disorder (Corcoran et al., 1995; Kerr et al.,
2003; Abikoff et al., 2004; Blair, 2005; Bora and Pantelis, 2016;
Maoz et al., 2019). Recent insights proposed that in neurotypical
individuals, there are two ToM systems: one controlled that acts
when we deliberately considers other’s thoughts and emotions
and the other implicit that involves the automatic analysis of
their viewpoints even when such analysis is irrelevant for task
processing (Onishi and Baillargeon, 2005; Surian et al., 2007;
Kovacs et al., 2010; Schneider et al., 2012). Implicit ToM is
thought to be developed early during development and remain
stable over life span (Schneider et al., 2012). Although there
is a wide agreement that adult humans are able to engage
in unconscious analyses of others’ mental states (Schneider
et al., 2017), several studies led to conflicting data regarding
the reliability of the implicit ToM using non-verbal measures
such as violation of expectation paradigms and interactive and
anticipatory looking tasks (for review, see Kulke and Hinrichs,
2021).

Automatic perspective taking (APT) seems to be the most
reliable facet of implicit ToM. Using the dot-perspective-taking
task developed by Samson et al. (2010, Experiment 1), previous
studies demonstrated that people automatically take into account
others’ perspective even when it prevents them from achieving
their own goals (Qureshi and Monk, 2018; Qureshi et al., 2020).
Although there is an ongoing theoretical debate of whether
automatic interference effects in the dot-perspective task are the
product of domain-specific perspective-taking processes or of
domain-general submentalizing processes (for review, see Cole
andMillett, 2019 andWestra et al., 2021), recent lines of evidence
suggest that this human ability may be of key importance for
the ascription of mental states and social interactions (Furlanetto
et al., 2016; Gao et al., 2019). In particular, Drayton et al.
(2018) reported that psychopaths are able to represent others’
perspective in goal-conducive tasks but show a striking ability of
ignoring it in non-goal-relevant situations. They postulated that
their lack of the ability to automatically represent the belief states
of others when it does not serve their own ends may be at the

origin of their maladaptive social behavior. However, this study
included only offenders from a high-security hospital without
control groups.

Automatic perspective taking is a complex phenomenon that
may be impacted by attention and global intelligence as well as
levels of social cognition (Schneider et al., 2012; Burnside et al.,
2017; Pineda-Alhucema et al., 2018). To date, there is no study
addressing the cognitive and emotional determinants of APT in
healthy adults. Our hypothesis is that APT is independent of
explicit ToM as well as affective empathy performance butmay be
affected by impulsivity and attention as well as low levels of global
intelligence. To address this issue, we examined the performance
in the Samson et al. APT task in 91 healthy adults who underwent
a detailed neuropsychological testing including assessment of
their general intelligence, attention and impulsivity, alexithymia,
and measures of affective empathy and explicit ToM.

MATERIALS AND METHODS

Participants
The study was approved by the local Ethics Committee and all
participants gave written informed consent prior to inclusion.
The present sample included 91 community-dwelling youngmen
(mean age: 32.9, age range: 19–66) recruited via advertisements
in local newspapers and social media. The following exclusion
criteria were applied: (a) presence or history of a chronic
psychiatric disorder (psychosis or bipolar disorder), (b) history
of loss of consciousness lasting longer than 30min, (c) history of
head injury or post-concussion symptoms, (d) history of auditory
or visual deficits, seizure, and neurological disorders, and (e)
regular use of psychotropic medications.

Neuropsychological Assessment
The Wechsler Adult Intelligence Scale (WAIS) is a general
intelligence battery (Wechsler, 2011) used to evaluate patient’s
intelligence quotient (IQ). The ten core subtests of the
battery give rise to four index scores including the Verbal
Comprehension Index, the Perceptual Reasoning Index, the
Working Memory Index, and the Processing Speed Index.

The Conners’ Continuous Performance Test-II (CPT-II) is a
computerized measure of inattentiveness, impulsivity, sustained
attention, and vigilance (Conners, 2004). CPT-II outcome
variables include hit reaction time to correct responses (Hit
RT), standard error of HRT (Hit RT SE), omission errors
(missed targets), commission errors (incorrect responses to non-
targets), and detectability (ability to discriminate between targets
and non-targets).

The French version of the Toronto Alexithymia Scale (TAS;
Pinaquy et al., 2002) is a 20-item instrument that is one of
the most commonly used measures of alexithymia. Alexithymia
refers to people who have trouble identifying and describing
emotions and who tend to minimize emotional experience and
focus attention externally. Items are rated using a 5-point Likert
scale whereby 1= strongly disagree and 5= strongly agree. There
are 5 items that are negatively keyed (items 4, 5, 10, 18, and 19).
The total alexithymia score is the sum of responses to all 20 items.
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The TAS-20 uses cutoff scoring: ≤51 = non-alexithymia; ≥61 =
alexithymia; scores of 52–60= possible alexithymia.

The Geneva Social Cognition Scale (GeSoCS) is a medium
duration assessment tool that detects and characterizes
significant changes in social cognition and ToM. It is a 100-point
scale composed of six subtests: ToM stories, recognition of social
emotions, false beliefs, inferences, absurdity judgment, and
planning abilities (Martory et al., 2015).

Themini-Social cognition and Emotional Assessment (SEA) is
a quick clinical tool that assesses emotion recognition and ToM
deficits. One part is a reduced and modified version of the faux-
pas test, and the second part is a reduced version of Paul Ekman
emotion recognition test (Bertoux et al., 2014).

Visual Perspective-Taking Task
We used the computer-based response-time task developed
by Samson and colleagues (Samson et al., 2010). The stimuli
consisted of a picture showing a lateral view into a room with the
left, back, and right walls visible, and with red disks displayed on
one or twowalls. A human avatar always appeared in the center of
the room facing either the right or the left wall. Depending upon
the orientation of the avatar and the positioning of the disks, the
avatar was able or unable to see all of the disks in the room. On
each trial, participants judged either their own visual perspective
(self-trials) or the visual perspective of the avatar (avatar trials).
Specifically, participants were asked to verify the number of disks
that either they (self) or the avatar could see. On 50% trials, the
participant and the avatar could see the same number of disks
(consistent perspective condition). On 50% trials, they could see
different numbers of disks (inconsistent perspective condition).
The position of the avatar was kept constant across consistent
and inconsistent trials, but the position of the disks changed. Each
trial included four stimuli, presented in the center of the screen
in the following order: (i) a fixation cross indicating the start
of the trial, (ii) a word indicating whether participants should
adopt their own perspective (“YOU”) or the perspective of the
avatar (“HE”), (iii) a number (0–3) specifying the content to be
verified, and (iv) a picture of the avatar in a room. Stimuli i–
iii each appeared for 750ms, and each one was followed by a
blank screen for 500ms. After the final stimulus, participants had
2,000ms to indicate whether the picture matched the specified
perspective and content (“yes” response), or that it did not
match the specified perspective and content (“no” response). In
case of “no” answer (2,000ms), the next trial became available.
Participants did not receive any trial-by-trial feedback about
their performance. Trials were presented in four blocks, each
consisting of 48 trials. Each block also included four filler trials
in which there were no disks on the walls of the room. These
filler trials were included to ensure that the correct response
to the perspective “YOU” and content “0” were sometimes
“yes”. The order of presentation of the blocks were randomized
and counterbalanced across participants. Before beginning the
experimental trials, each participant completed 26 practice trials.
The entire procedure was conducted using DMDX software
(developed by the University of Arizona) to control the stimulus
presentation and data collection (Forster and Forster, 2003).

Anticipatory responses (<200ms) or delayed responses
(>2,000ms) were counted as errors. Moreover, individuals with
mean correct response reaction time over three 3SD from the
participant’s mean values were considered outliers and excluded
from further analysis. The response times were log-transformed
to normalize their distribution. Mean number of errors and
reaction times were assessed for each of the four trial types
(Self-Consistent, Self-Inconsistent, Other-Consistent, and Other-
Inconsistent). Erroneous responses on all conditions (Self, Other,
Consistent, and Inconsistent) were considered to define the
mean number of errors in all of the cases. We also examined
the determinants of egocentric vs. altercentric interference in
this test. Egocentric interference corresponds to slower mean
reaction time and more errors in the inconsistent compared to
the consistent conditions when participants judged the avatars
perspective. Altercentric interference refers to slower mean
reaction time and more errors in the inconsistent compared
to the consistent conditions when participants judge their
own perspective. Egocentric interference was calculated by
subtracting each participant’s mean response time and number
of errors on Other-Consistent from those on Other-Inconsistent
trials. Altercentric interference was measured by subtracting each
participant’s mean response time and number of errors on Self-
Consistent from those on Self-Inconsistent trials.

Statistical Analysis
Multiple linear regression models (adjusted for age) were
used to explore the association between mean reaction
times (respectively, egocentric and altercentric interference in
mean number of errors) in the visual perspective-taking task
(dependent variables) and CPT-II parameters, WAIS global score
(as well as the score of subscales), TAS, and GeSoCS and mini-
SEA scores (independent variables). The association of the same
neuropsychological tests (independent variables) with the sum
of the number of errors across different conditions (self or
other) were explored with multiple negative binomial regression
adjusted for age. Correction for multiple analysis was made using
the Benjamini–Hochberg method. We applied the Benjamini–
Hochberg correction in three different sets of variables as a
function of a-priori hypotheses: general intelligence (WAIS),
attentional resources (CPT-II), and markers of social cognition
and emotional regulation (TAS-20, GeSoCS, and mini-SEA). The
corrected values of p took into account all of the comparisons
made for each set of variables in Self andOther conditions (Green
and Diggle, 2007).

RESULTS

The descriptive data of the present sample are summarized
in Table 1. Among the independent variables included in the
regression models, only the CPT-II parameters were significantly
associated with the mean reaction times after Benjamini–
Hochberg correction for multiple comparisons.

CPT-II HRT and hit RT SE (two measures of inattentiveness
and impulsivity) were positively associated with the mean
reaction time in the Self condition [regression coefficient 5.58
(95% CI: 1.52, 9.63) and 5.33 (95% CI: 1.78, 8.87), respectively].
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TABLE 1 | Participant’s characteristics (N = 91).

Variable Mean ± SD, 95% CI or N (%)

Age 32.9 ± 10.1, 19.0–66.0

Education

<12 y 1 (1.1%)

12 y 23 (25.3%)

>12 y 67 (73.6%)

Right-handedness 86 (94.5%)

Neuropsychological tests

WAIS

Verbal comprehension index 37.7 ± 8.3, 20.0–54.0

Perceptual reasoning index 31.3 ± 7.2, 16.0–46.0

Working memory index 22.9 ± 4.9, 9.0–34.0

Processing speed index 20.0 ± 4.2, 9.0–33.0

IQ total score 111.9 ± 19.3, 67.0–152.0

General ability index (GAI) 69.0 ± 13.8, 42.0–97.0

CPT-II

Omission errors 50.0 ± 13.3, 39.9–122.9

Commission errors 49.6 ± 9.1, 32.9–74.0

Detectability 48.8 ± 8.7, 23.4–65.0

Hit reaction time (HRT) 47.3 ± 9.4, 25.5–73.5

HRT-SE 48.3 ± 10.4, 25.0–81.1

TAS Total score 40.6 ± 10.4, 0.0–67.0

GeSoCS Total Score 90.0 ± 5.8, 72.0–98.0

mini-SEA 26.7 ± 2.1, 20.6–30.0

Visual perspective-taking task

Mean reaction time (ms) 6,466.1 ± 1,489.8, 3,480.4–10,001.8

Self condition (ms) 816.9 ± 196.1, 434.8–1,334.1

Other condition (ms) 799.6 ± 186.1, 429.4–1,245.1

Egocentric interference (other) −96.9 ± 64.9, −257.2 to 36.0

Altercentric interference (self) −51.6 ± 126.4, −243.3 to 961.9

Number of errors

Sum of self 2.6 ± 3.5, 0.0–17.0

Sum of other 2.5 ± 2.7, 0.0–18.0

Egocentric interference (other) −0.6 ± 1.0, −4.5 to 1.5

Altercentric interference (self) −0.8 ± 1.3, −6.0 to 1.0

The mean reaction time in the Other condition was positively
related to CPT-II HRT [regression coefficient 4.71 (95% CI: 1.40,
8.02)] (Table 2).

The WAIS global score was negatively associated with mean
reaction time in the Self condition [regression coefficient for
the Self condition: −2.48 (95% CI: −4.40, −0.56)]. In the
Other condition, this association was also statistically significant
[regression coefficient for Other condition −2.37 (95% CI:
−4.15, −0.59)]. Similar data were obtained for some of the
WAIS subscales. However, these associations did not persist after
correction for multiple comparisons (Table 2).

The increased number of commissions as well as increased
detectability and HRT-SE in CPT-II were all related to
increased number of errors in Self condition (regression
coefficients from 0.03 to 0.04). CPT-II HRT-SE was also

related to worse performances in Other condition (regression
coefficient 0.02) (Table 3).

The GeSoCS score was negatively associated with the number
of errors in Self condition [regression coefficient:−0.07 (95% CI:
−0.12,−0.03)] (Table 3).

Among the variables studied, only the CPT-II parameters have
a significant impact on egocentric and altercentric interference.
Egocentric interference for the number of errors was negatively
related to CPT-II HRT-SE [regression coefficient:−0.03 (95% CI:
0.05, 0.01), adjusted p = 0.0034]. Altercentric interference for
the number of errors was negatively related to CPT-II Omissions
[regression coefficient: −0.04 (95% CI: 0.05, 0.02), adjusted p
= 0.0002], Commissions [regression coefficient: −0.04 (95%
CI: 0.07, 0.01), adjusted p = 0.0086], and HRT-SE [regression
coefficient: −0.04 (95% CI: 0.07, 0.02), p = 0.0005; Table 4].
No significant association was found between CPT-II variables
and both egocentric and altercentric interference for the mean
reaction times.

DISCUSSION

Our data show that CPT-II parameters of attention and
impulsivity have a direct and strong impact on APT
performances assessed with the dot-perspective task in healthy
adults. Attention and impulsivity levels are associated with both
mean reaction times and mean number of errors in the current
experimental paradigm. Although intuitively evident, the impact
of attention and impulsivity is quite different in Self compared
to Other conditions. When participants focus on their own
perspective, their mean reaction time increases as a function of
the two measures of inattentiveness and impulsivity, namely,
the hit RT, a measure of response time, and HRT-SE, a measure
of the consistency of response time in CPT-II. In contrast,
when participants report the avatar’s view, their mean reaction
time decreases in cases with higher number of omissions (that
assess the level of inattentiveness). In other words, people with
decreased levels of attention and higher impulsivity may need
more time to define their own perspective (both in consistent and
inconsistent trials) but tend to precipitate their response when
they should take the perspective of others. Most importantly,
CPT-II parameters assessing inattentiveness and impulsivity
are associated with increased number of errors both in Self and
Other conditions. Of importance, these parameters were also
negatively related to egocentric and altercentric interference
at the level of mean number of errors but not mean reaction
time. Gardner et al. (2018) reported that attentional orienting
contributes decisively to performance in the dot-perspective
task (Gardner et al., 2018). More recently, O’Grady et al. (2020)
postulated that APT is a rapid, unconscious, and involuntary
phenomenon, referred to as spontaneous but not automatic,
that needs preserved attention. The present findings parallel
these observations, suggesting that people with lower attentional
resources display worse performances in terms of number
of errors, are less able to manage their reaction time both in
Self and Other conditions, and are less responsive to both
egocentric and altercentric interferences. A very recent study by
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TABLE 2 | Association of neuropsychological tests (independent variables) with mean reaction time using linear regressions, adjusted for age.

Mean reaction time (self condition) Mean reaction time (other condition)

Age Neuro psy Age Neuro psy

Neuro psy tests Coeff (95% CI) P Coeff (95% CI) P PBH Coeff (95% CI) P Coeff (95% CI) P PBH

WAIS

Verbal comprehension index

8.63 (4.93, 12.33) <0.001 −4.59 (−9.11, −0.08) 0.046 0.004 8.85 (5.39, 12.30) <0.001 −3.86 (−8.08, 0.36) 0.072 0.004

Perceptual reasoning index 8.82 (5.07, 12.57) <0.001 −5.20 (−10.49, 0.10) 0.054 0.004 9.27 (5.82, 12.71) <0.001 −5.99 (−10.85, −1.12) 0.016 0.004

Working memory index 8.05 (4.35, 11.76) <0.001 −4.12 (−11.85, 3.60) 0.292 0.004 8.37 (4.92, 11.81) <0.001 −3.56 (−10.75, 3.62) 0.327 0.004

Processing speed index 8.25 (4.71, 11.79) <0.001 −13.30 (−21.79, −4.81) 0.005 0.004 8.55 (5.26, 11.84) <0.001 −12.34 (−20.23, −4.45) 0.005 0.004

IQ total score 8.82 (5.16, 12.47) <0.001 −2.48 (−4.40, −0.56) 0.012 0.004 9.10 (5.71, 12.49) <0.001 −2.37 (−4.15, −0.59) 0.010 0.004

IAG 8.91 (5.19, 12.63) <0.001 −3.08 (−5.80, −0.35) 0.027 0.004 9.21 (5.77, 12.66) <0.001 −3.02 (−5.54, −0.50) 0.020 0.004

CPT-II

Omission errors

7.90 (4.17, 11.63) <0.001 0.85 (−1.99, 3.70) 0.552 0.010 8.31 (4.84, 11.79) <0.001 −0.05 (−2.70, 2.60) 0.970 0.010

Commission errors 7.93 (4.20, 11.65) <0.001 −1.12 (−5.26, 3.02) 0.592 0.010 8.29 (4.82, 11.76) <0.001 −0.36 (−4.21, 3.49) 0.853 0.010

Detectability 8.00 (4.27, 11.73) <0.001 0.82 (−3.50, 5.15) 0.705 0.010 8.34 (4.88, 11.79) <0.001 1.51 (−2.50, 5.52) 0.455 0.010

Hit reaction time (HRT) 6.46 (2.71, 10.21) 0.001 5.58 (1.52, 9.63) 0.008 0.010 7.19 (3.65, 10.73) <0.001 4.08 (0.26, 7.91) 0.037 0.010

HRT-SE 6.93 (3.31, 10.55) <0.001 5.33 (1.78, 8.87) 0.004 0.010 7.37 (3.99, 10.76) <0.001 4.71 (1.40, 8.02) 0.006 0.010

TAS Total score 7.99 (4.31, 11.68) <0.001 2.63 (−0.98, 6.24) 0.151 0.004 8.31 (4.85, 11.77) <0.001 1.27 (−2.12, 4.65) 0.459 0.004

GeSoCS Total Score 7.93 (4.19, 11.67) <0.001 −1.20 (−7.79, 5.39) 0.719 0.004 8.28 (4.81, 11.76) <0.001 −0.56 (−6.69, 5.57) 0.856 0.004

mini-SEA 7.98 (4.26, 11.70) <0.001 −5.97 (−23.90, 11.96) 0.510 0.004 8.30 (4.84, 11.75) <0.001 −6.89 (−23.53, 9.76) 0.413 0.004

Benjamini–Hochberg threshold, PBH; CPT-II, Conners’ Continuous Performance Test-II; TAS, French version of the Toronto Alexithymia Scale; GeSoCS, Geneva Social Cognition Scale; mini-SEA, mini-Social cognition and Emotional

Assessment. Values in bold correspond to significant results after correction for multiple comparisons.
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TABLE 3 | Association of neuropsychological tests (independent variables) with the sum of the number of errors across different conditions (self or other) using negative binomial regressions, adjusted for age.

Number of errors (sum of self) Number of errors (sum of other)

Age Neuropsy Age Neuropsy

Neuropsy tests IRR (95% CI) P IRR (95% CI) P PBH IRR (95% CI) P IRR (95% CI) P PBH

WAIS

Verbal comprehension index −0.02 (−0.04, 0.00) 0.109 0.00 (−0.03, 0.03) 0.994 0.004 −0.02 (−0.04, 0.00) 0.055 −0.00 (−0.03, 0.02) 0.825 0.004

Perceptual reasoning index −0.02 (−0.04, 0.01) 0.180 −0.03 (−0.07, 0.01) 0.121 0.004 −0.02 (−0.04, 0.00) 0.089 −0.02 (−0.05, 0.01) 0.193 0.004

Working memory index −0.02 (−0.04, 0.00) 0.116 0.01 (−0.05, 0.06) 0.845 0.004 −0.02 (−0.04, 0.00) 0.055 0.00 (−0.04, 0.05) 0.879 0.004

Processing speed index −0.02 (−0.04, 0.00) 0.108 0.04 (−0.03, 0.11) 0.292 0.004 −0.02 (−0.04, 0.00) 0.051 0.03 (−0.02, 0.08) 0.217 0.004

IQ total score −0.02 (−0.04, 0.00) 0.111 −0.00 (−0.02, 0.01) 0.750 0.004 −0.02 (−0.04, 0.00) 0.056 −0.00 (−0.01, 0.01) 0.786 0.004

General ability index (GAI) −0.02 (−0.04, 0.01) 0.124 −0.01 (−0.03, 0.01) 0.449 0.004 −0.02 (−0.04, 0.00) 0.068 −0.01 (−0.02, 0.01) 0.433 0.004

CPT-II

Omission errors −0.02 (−0.05, 0.00) 0.087 0.01 (−0.01, 0.02) 0.363 0.020 −0.02 (−0.04, 0.00) 0.053 0.00 (−0.01, 0.01) 0.856 0.020

Commission errors −0.02 (−0.04, 0.01) 0.125 0.04 (0.01, 0.07) 0.004 0.020 −0.02 (−0.04, 0.00) 0.087 0.02 (−0.01, 0.04) 0.140 0.020

Detectability −0.02 (−0.04, 0.00) 0.085 0.04 (0.01, 0.08) 0.009 0.020 −0.02 (−0.04, 0.00) 0.071 0.02 (−0.01, 0.04) 0.217 0.020

Hit reaction time (HRT) −0.03 (−0.05, 0.00) 0.046 0.02 (−0.01, 0.05) 0.148 0.020 −0.03 (−0.05, −0.01) 0.013 0.03 (0.00, 0.05) 0.034 0.020

HRT-SE −0.02 (−0.05, 0.00) 0.056 0.03 (0.01, 0.05) 0.008 0.020 −0.02 (−0.04, −0.00) 0.035 0.02 (0.00, 0.04) 0.014 0.020

TAS Total score −0.02 (−0.05, 0.00) 0.072 0.01 (−0.01, 0.03) 0.339 0.008 −0.02 (−0.04, −0.00) 0.047 0.01 (−0.00, 0.03) 0.114 0.008

GeSoCS Total Score −0.03 (−0.05, 0.01) 0.017 −0.07 (−0.12, −0.03) 0.002 0.008 −0.02 (−0.04, −0.00) 0.022 −0.03 (−0.06, 0.01) 0.108 0.008

mini-SEA −0.02 (−0.05, 0.00) 0.065 −0.05 (−0.19, 0.09) 0.503 0.008 −0.02 (−0.04, −0.00) 0.027 −0.04 (−0.14, 0.06) 0.448 0.008

Benjamini–Hochberg threshold, PBH; WAIS, Wechsler Adult Intelligence Scale; CPT-II, Conners’ Continuous Performance Test-II; TAS, French version of the Toronto Alexithymia Scale; GeSoCS, Geneva Social Cognition Scale; mini-SEA:

mini-Social cognition and Emotional Assessment. Values in bold correspond to significant results after correction for multiple comparisons.

F
ro
n
tie
rs

in
P
syc

h
o
lo
g
y
|
w
w
w
.fro

n
tie
rsin

.o
rg

6
M
a
y
2
0
2
2
|
V
o
lu
m
e
1
3
|A

rtic
le
8
8
3
9
2
9

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Rodriguez et al. Cognition, Emotion, and Empathy

T
A
B
L
E
4
|
A
ss
o
c
ia
tio

n
o
f
n
e
u
ro
p
sy
c
h
o
lo
g
ic
a
lt
e
st
s
(in
d
e
p
e
n
d
e
n
t
va
ria

b
le
s)

w
ith

e
g
o
c
e
n
tr
ic
a
n
d
a
lte
rc
e
n
tr
ic
in
te
rf
e
re
n
c
e
s
u
si
n
g
lin
e
a
r
re
g
re
ss
io
n
s,

a
d
ju
st
e
d
fo
r
a
g
e
.

A
lt
e
rc
e
n
tr
ic

in
te
rf
e
re
n
c
e
in

n
u
m
b
e
r
o
f
e
rr
o
rs

(s
e
lf
)

E
g
o
c
e
n
tr
ic

in
te
rf
e
re
n
c
e
in

n
u
m
b
e
r
o
f
e
rr
o
rs

(o
th
e
r)

A
g
e

N
e
u
ro
p
s
y

A
g
e

N
e
u
ro
p
s
y

N
e
u
ro

p
s
y
te
s
ts

C
o
e
ff
(9
5
%

C
I)

P
C
o
e
ff
(9
5
%

C
I)

P
C
o
e
ff
(9
5
%

C
I)

P
C
o
e
ff
(9
5
%

C
I)

P

C
P
T-
II

O
m
is
si
o
n
e
rr
o
rs

0
.0
2
(−

0
.0
0
,
0
.0
5
)

0
.0
8
2
3

−
0
.0
4
(−

0
.0
5
,
−
0
.0
2
)

0
.0
0
0
2

0
.0
2
(0
.0
0
,
0
.0
4
)

0
.0
3
2
1

−
0
.0
0
(−

0
.0
2
,
0
.0
1
)

0
.7
3
2
5

C
o
m
m
is
si
o
n
e
rr
o
rs

0
.0
2
(−

0
.0
1
,
0
.0
4
)

0
.2
1
6
2

−
0
.0
4
(−

0
.0
7
,
−
0
.0
1
)

0
.0
0
8
6

0
.0
2
(0
.0
0
,
0
.0
4
)

0
.0
3
4
7

−
0
.0
0
(−

0
.0
2
,
0
.0
2
)

0
.8
9
5
2

D
e
te
c
ta
b
ili
ty

0
.0
2
(−

0
.0
1
,
0
.0
4
)

0
.1
8
3
1

−
0
.0
3
(−

0
.0
6
,
−
0
.0
0
)

0
.0
2
8
1

0
.0
2
(0
.0
0
,
0
.0
4
)

0
.0
3
3
5

0
.0
0
(−

0
.0
2
,
0
.0
2
)

0
.8
7
7
6

H
it
re
a
c
tio

n
tim

e
(H
R
T
)

0
.0
2
(−

0
.0
1
,
0
.0
5
)

0
.1
2
6
8

−
0
.0
1
(−

0
.0
4
,
0
.0
2
)

0
.4
1
2
2

0
.0
3
(0
.0
1
,
0
.0
5
)

0
.0
0
7
2

−
0
.0
2
(−

0
.0
5
,
−
0
.0
0
)

0
.0
3
3
7

H
R
T-
S
E

0
.0
3
(0
.0
0
,
0
.0
5
)

0
.0
3
6
9

−
0
.0
4
(−

0
.0
7
,
−
0
.0
2
)

0
.0
0
0
5

0
.0
3
(0
.0
1
,
0
.0
5
)

0
.0
0
6
1

−
0
.0
3
(−

0
.0
5
,
−
0
.0
1
)

0
.0
0
3
4

B
e
n
ja
m
in
i–
H
o
c
h
b
e
rg

th
re
s
h
o
ld
,
P
B
H
=
0
.0
2
0
;
C
P
T-
II,
C
o
n
n
e
rs
’
C
o
n
ti
n
u
o
u
s
P
e
rf
o
rm
a
n
c
e
Te
s
t-
II.
V
a
lu
e
s
in
b
o
ld
c
o
rr
e
s
p
o
n
d
to
s
ig
n
ifi
c
a
n
t
re
s
u
lt
s
a
ft
e
r
c
o
rr
e
c
ti
o
n
fo
r
m
u
lt
ip
le
c
o
m
p
a
ri
s
o
n
s
.

Qureshi et al. (2020), using the same experimental paradigm,
demonstrated that conflict indices (consistent-inconsistent
perspective) are related to stop-signal inhibitory control task
(but not go–no-go or shape-matching tasks) and indicate that
this selection may occur very late in cognitive processing. In
contrast, altercentric interference was not related to any of
the executive tasks in this study. Taking together, these data
indicate that attentional resources rather than inhibitory control
abilities may impact on self–other interference when performing
a visual perspective task. Pointing to the importance of adjusting
for global empathy levels, the mean number of errors in our
cohort was negatively associated with the GeSoCS score, a
composite measure of explicit ToM and affective empathy.
However, this global empathy score was not related to mean
reaction times and did not impact on egocentric and altercentric
interference. Neither global intelligence nor alexithymia have an
effect on dot-perspective task performances. This observation
agrees with several reports showing that dot-perspective task
performances may be preserved in psychiatric pathologies
affecting intelligence but also emotional regulation such as
autism spectrum conditions and alcoholism (Pearson et al., 2013;
Cox et al., 2016, 2018; Sijtsma et al., 2020).

To our knowledge, this is the first study that analyzes the
cognitive and emotional determinants of APT performance in
community-dwelling young adults. Our results indicate that
APT mostly depends on attentional resources and impulsivity
even in healthy adults. It is likely that patients with specific
alterations of attention and impulsive control, such as patients
with attention deficit and hyperactivity disorder (ADHD) and
borderline personality, may fail to activate this human ability.
The strengths of this report include its use of a large sample,
independent variables assessing cognitive processes such as
attention and fluid intelligence, general levels of empathy,
but also emotional regulation (alexithymia, impulsivity) and
stringent control for multiple comparisons across the regression
models. Some limitations should also be noted. All of our cases
were socially integrated young individuals without history of
criminal convictions and substance abuse. The careful exclusion
of neurological and psychiatric disorders as well as regular use
of psychotropics and CPT-II performances within the normal
range limits the generalizability of our observations. Moreover,
no direct assessment of inhibitory control and cognitive flexibility
was performed as part of the neuropsychological analysis.
These parameters are known to impact performances on visual
perspective taking (Qureshi andMonk, 2018; Qureshi et al., 2020;
Li et al., 2021). Future studies in mixed series including patients
with ADHD and borderline personality, investigation of social
parameters (job loss, separation), and careful analysis of executive
functions are needed to obtain a better insight into the social
relevance of APT concept.
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