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This study investigated the cognitive mechanisms underlying age-related differences in emotional egocentric-
ity bias (EEB) between children (aged 7–12 years, n = 30) and adults (aged 20–30 years, n = 30) using a novel
paradigm of visuogustatory stimulation to induce pleasant and unpleasant emotions. Both children and adults
showed an EBB, but that of children was larger. The EEB did not correlate with other measures of egocentric-
ity. Crucially, the developmental differences in EEB were mediated by age-related changes in conflict process-
ing and not visual perspective taking, response inhibition, or processing speed. This indicates that different
types of egocentricity develop independently of one another and that the increased ability to overcome EEB
can be explained by age-related improvements in conflict processing.

Human interpersonal understanding often relies on
mechanisms of self-projection and simulation (e.g.,
Mitchell, 2009; Nickerson, 2001; Silani, Lamm, Ruff,
& Singer, 2013; Van Boven & Loewenstein, 2003).
These mechanisms, however, become inefficient as
soon one’s own mental state or internal experience
differs from that of another person. For instance it
would be erroneous to assume someone was happy
while he clearly is sad just because we ourselves
feel happy. The tendency to project one’s own men-
tal states onto others has been broadly termed as
egocentricity bias. Early and seminal work in devel-
opmental psychology has looked at children’s abil-
ity in taking visual perspectives of another person,
reporting early egocentrism in development, one
example being Piaget’s famous “three mountains”
task, in which children at the age of 7 exhibit diffi-
culties judging someone else’s visual perspective
that differs from their own (Piaget & Inhelder,
1956). To date, egocentricity bias has thus been pri-
marily investigated in visual perspective taking and
theory of mind (ToM; Birch & Bloom, 2007; Flavell,
Everett, Croft, & Flavell, 1981; Pronin, 2008; Royz-
man, Cassidy, & Baron, 2003; Thomas & Jacoby,
2012). Children generally exhibit stronger egocen-
tricity during cognitive perspective taking and ToM
tasks than adults. Before the age of 4 children have
difficulties attributing false beliefs to other people,
unable to detach from their own true beliefs (Wim-
mer & Perner, 1983). Also, throughout childhood,

difficulties in cognitive perspective taking and ToM
seem to persist (Apperly, Warren, Andrews, Grant,
& Todd, 2011; Keysar, Lin, & Barr, 2003; Sommer-
ville, Bernstein, & Meltzoff, 2013). While strong evi-
dence for egocentricity in the cognitive domain in
children as well as adults has accumulated over the
past decades, very little research has focused on
investigating egocentricity in the affective domain
(see O’Brien & Ellsworth, 2012; Repacholi & Gop-
nik, 1997; Silani et al., 2013; Van Boven & Loewen-
stein, 2003) and only one study has so far looked
specifically at emotional egocentricity in children
(Steinbeis, Bernhardt, & Singer, 2014).

Egocentricity is a pervasive phenomenon
throughout childhood, spanning moral judgments
(e.g., Eisenberg et al., 1987), taking the visual per-
spective of others (e.g., Moll & Tomasello, 2006),
and assuming others’ mental states (e.g., Sommer-
ville et al., 2013). However, whether egocentricity
constitutes a unitary phenomenon in development
and whether age-related changes in the extent of
egocentricity undergo shared developmental trajec-
tories remains unclear. Data from meta-analyses
and neuroimaging findings in adults suggest in part
that cognitive egocentricity and emotional egocen-
tricity are dissociable at the neural level (Silani
et al., 2013). Using visuotactile stimulation to
induce pleasant and unpleasant emotional states
in participants (emotional egocentricity bias
[EEB] Touch-Paradigm [ETOP]), Silani et al. (2013)
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demonstrated that the right supramarginal (rSMG)
is functionally implicated in overcoming EEB. Peaks
of this activation were shown to be distinct from
other subregions of the temporoparietal cortex
involved in ToM and motor egocentricity. How-
ever, seeing that cognitive capacities and abilities
are known to increasingly differentiate with devel-
opment (e.g., Li et al., 2004), it remains unclear if
these various types of egocentricity correlate in
development or not. Shedding light on this question
is crucial, given the high interpersonal costs associ-
ated with not fully comprehending another’s point
of view (Newcomb, Bukowski, & Pattee, 1993;
Thompson & Loewenstein, 1992). Understanding
the mechanisms that underlie the inability to over-
come such egocentricity early in ontogeny seems an
important endeavor as it can provide the basis for
targeted interventions leading to greater prosociali-
ty early in development.

First attempts to uncover the developmental
mechanisms that help to overcome EEB were
recently made in a study (Steinbeis et al., 2014)
using monetary reward and punishment to induce
pleasant and unpleasant emotions in children and
adults (EEB Monetary Game Paradigm [EMOP]).
Children (aged 6–13) showed a significant EEB,
which was significantly larger compared to that of
adults. In line with the study by Silani et al. (2013),
on the neuronal level children showed significantly
less activation of the rSMG compared to adults
when having to overcome EEB, as well as reduced
coupling between the rSMG and the left dorsolat-
eral prefrontal cortex (lDLPFC). In addition, chil-
dren and adults also performed a belief and desire
reasoning task, an attentional reorientation task,
and a stop-signal reaction time task. None of these
variables showed a relation with the EEB in chil-
dren or adults. Thus, while prior work has shown
that the EEB is larger in children compared to
adults and provides a coherent account of the neu-
ral mechanisms leading to this developmental
change, what is still missing and has not been
addressed in previous studies is a systematic analy-
sis of the exact cognitive and affective mechanisms
that may account for observed age-related differ-
ences in the size of EEB during development.

In order to address this question, we developed
a novel paradigm, the EEB Taste-Paradigm (ETAP)
using visuogustatory stimulation in which partici-
pants are asked to judge the pleasantness of their
own taste experiences or that of another person,
while both can have congruent or incongruent taste
experiences. Pilot work indicated that gustatory
stimulation elicits equal feelings of pleasantness

and unpleasantness in children and adults, making
it highly suited to study developmental differences
in EEB as well as extending the phenomenon of
EEB to another stimulus modality. As in the previ-
ous study (Steinbeis et al., 2014), we expected that
children would show an increased EEB compared
to adults. Overcoming such EEB presumably relies
on a multitude of higher and lower level cognitive
and affective processes. With the aim to compre-
hensively test for these possible processes under-
lying the developmental differences in EEB, we
assessed them using a large battery of tasks. In the
following, a more detailed description of reasons
for investigating particular cognitive and affective
processes in relation to EEB and developmental dif-
ferences in EEB is given.

The EEB paradigm involves taking an emotional
perspective of the other. In that process the role of
the rSMG seems crucial in overcoming affective
egocentricity, which has been interpreted as dis-
ambiguating emotional self and other perspectives
(Silani et al., 2013; Steinbeis et al., 2014). As argued
previously, it might therefore relate to other types
of egocentricity. To explore this, we investigated
visual perspective taking with a task more closely
matched to the EEB paradigm involving incongru-
ent and congruent self and other visual perspectives
to measure cognitive egocentricity (see Surtees &
Apperly, 2012).

The EEB paradigm also involves the inhibition of
one’s own conflicting emotional perspective to cor-
rectly judge the other person’s emotional state. From
the literature in the domain of cognitive perspective
taking, such as ToM, it is known that inhibitory con-
trol plays a crucial role, in particular when there is a
conflict between the self and other perspectives
(Carlson & Moses, 2001; Friedman & Leslie, 2005;
Hansen Lagattuta, Sayfan, & Harvey, 2013; Well-
man, Cross, & Watson, 2001). Consequently, we
included a Go/NoGo task measuring response inhi-
bition; moreover, it is also known that inhibitory
control improves throughout development (e.g.,
Luna, Garver, Urban, Lazar, & Sweeney, 2004; Wil-
liams, Ponesse, Schachar, Logan, & Tannock, 1999).

Another executive function that could potentially
be an underlying mechanism of EEB and the devel-
opmental difference in EEB is conflict processing.
The ability to resolve a conflict has been hypothe-
sized to be a crucial process to overcome the EEB
when emotional states of self and other are incon-
gruent. It is also known that the ability to resolve
conflict improves across development (e.g., Fjell
et al., 2012) and could therefore account for devel-
opmental differences in EEB.
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Another high-level cognitive-affective process of
interest for this study was cognitive reappraisal as
a form of emotion regulation (Gross, 2002). The
ability to cognitively reappraise one’s own emotion
and subsequently downregulate the emotion might
be crucial in overcoming EEB. Findings additionally
suggest that children tend to be less efficient in cog-
nitive reappraisal than adults (McRae et al., 2012;
Pitskel, Bolling, Kaiser, Crowley, & Pelphrey, 2011).

One key process that the EEB might be explained
by is attentional reorienting, something that has
been consistently associated with the involvement
of the rSMG (Carter & Huettel, 2013; Mars et al.,
2012). So far, no association has been found
between measures of attentional reorienting and the
EEB either at the neural level or at the behavioral
level (Silani et al., 2013; Steinbeis et al., 2014), and
age-related changes in attentional reorienting could
not account for the observed developmental differ-
ences in the EEB (Steinbeis et al., 2014). Given the
differences between the paradigms used to induce
the EEB (primary sensory information vs. abstract
monetary rewards and punishments in Steinbeis
et al., 2014), we still included an attentional reori-
enting task, also with the aim to further the evi-
dence of the EEB’s independence of attentional
reorienting.

Finally, we also investigated general perceptual
speed and its relation to overcoming emotional ego-
centricity in children and adults. Perceptual speed
can be seen as a very low-level process that could
underlie the EEB and its developmental difference
between children and adults, especially as it has
been known to improve continuously throughout
development (Kail, 1991; Luna et al., 2004).

In sum, we comprehensively tested various cog-
nitive, attentional, socioaffective abilities, namely,
visual perspective taking, response inhibition,
conflict processing, emotion regulation, attentional
reorienting, and processing speed, with the aim of
systematically elucidating the exact affective and
cognitive mechanisms that underlie age-related dif-
ferences observed in the EEB between children and
adults.

Method

Children and adults were invited for three experi-
mental sessions. The first session involved a screen-
ing, in which the most pleasant, unpleasant, and
neutral liquids for each participant were selected. In
the second session, children and adults performed
the ETAP. In the last session, children and adults

performed a battery of tests assessing different cog-
nitive and affective abilities. The order of the tasks
in the last session was counterbalanced across sub-
jects.

Participants

Thirty children (15 female; Mage = 9.50, range =
7–12) and adults (15 female; Mage = 24.10, range =
20–30) took part in the study. Children and adults
were recruited from databases at the Max Planck
Institute for Human Cognitive and Brain Sciences.
Participants were predominantly White Caucasian.
All children were developing normally. All partici-
pants gave informed consent (parental consent in
case of the children) and the study was approved
by the ethics committees of the University of Leip-
zig (Nr. 381-11-12122011). One child and one adult
could not be invited for the third session.

First Session

Screening

In a screening, participants were asked to rate
different liquids and solutions according to their
intensity and pleasantness. Participants were
screened for their taste sensitivity using a Labeled
Magnitude Scale (LMS; Green et al., 1996) in order
to exclude possible “super/nontasters” (e.g., Small
et al., 2003). On the LMS, perceived taste intensity
ranged from 0 (barely detectable) to 100 (strongest
imaginable). Only participants in the normal range
of tasting for glucose and quinine/NaCl solution
(1 mol) participated in the study. The normal taste
range for glucose was defined as lying between 15
and 75, for quinine and NaCl solutions between 30
and 75 (see also Jabbi, Swart, & Keysers, 2007). For
each participant, the two most pleasant, the two
most unpleasant, and the two most neutral stimuli
were selected and used for the later experiment to
guarantee the most effective induction of emotions
in participants. As pleasant tastes, a sugar solution
(1 mol glucose) and three different juices (apple/
Samanta, orange/Samanta, grape/albi) were used.
For unpleasant tastes, three salty solutions (NaCl)
of varying concentrations of 0.1, 0.5, and 1 mol
(e.g., O’Doherty, Rolls, Francis, Bowtell, & Mc-
Glone, 2001) and a quinine solution (0.25 mM) were
used. For neutral tastes, tasteless solutions with the
main ionic components of saliva (consisting of
25 mM KCl and 2.5 mM NaHCO3) were used,
diluted with various amounts of water (20%, 40%,
60%, and 80%).

EEB Mediated by Conflict Processing 767



Second Session

Stimuli and Apparatus

For the experimental session, the different tastes
were presented with a custom-built pump system
specifically designed for this study via several small
plastic tubes (diameter = 0.3 cm), which merged
together at the end into a mouthpiece with small
bundled tubes (diameter = 0.1 cm). The mouthpiece
was comfortably placed in the mouth of the partici-
pants with the help of a holder to which the tubes
were attached so that both hands of the participants
were free and able to navigate the touch screen
(1,920 9 1,080 pixels resolution, 19-in. screen,
viewing distance ~40 cm). The pump system was
operated by a Presentation script via a USB connec-
tion and was set up to always pump the same
amount of liquid in the same time through the
tubes (0.5 ml per 0.5 s).

EEB Taste-Paradigm

The design and procedure of this study was sim-
ilar to a previous study using the ETOP (Silani
et al., 2013). Participants of the same gender,
unknown to each other, were assigned pairwise to
an experimental session. They sat back to back in
front of a touch screen unable to see the other per-
son’s face and emotion judgments, with the taste
tubes comfortably placed in their mouth. This
meant that any influence of the other participant’s
actual emotional state could not have any influence
on ratings, as the emotion judgment was exclu-
sively made through the visual cue of what the
other was currently experiencing. Before the start of
the experiment, participants were familiarized with
the rating scale and performed 10 practice trials for
each condition. Participants started with the indi-
vidual conditions in which they were instructed to
either judge the pleasantness of their own taste
experience or judge the pleasantness of the taste
experience for the other person (blocked design). In
the individual self condition, 500 ms before the
taste stimulation, a picture (size 500 9 400 pixels)
corresponding to the specific taste (i.e., a picture of
a glass of orange juice when the participant
received orange juice) appeared on the screen and
remained there until the end of the taste stimulation
that lasted 1,500 ms. Immediately after the end of
the tasting phase, participants had to judge the
experienced pleasantness or unpleasantness of the
taste by using a rating scale (ranging from �10 to
+10) on the touch screen, within 1,500-ms response
time (RT). After the emotion judgment, a picture

with a water drop appeared on the screen and
water was pumped simultaneously through a tube
for a rinse. The rinse lasted for 2,000 ms followed
by an instruction to swallow (1,000 ms) and a fixa-
tion cross (2,000 ms). In the individual other condi-
tion, the trial structure remained the same, but with
the important difference that the participant did not
receive any taste stimuli and was instead instructed
to judge the pleasantness or unpleasantness of the
taste experience for the other participant also pres-
ent in the room based on the picture that indicated
what taste the other person received. Each run for
adults consisted of 30 pseudorandomized trials,
with 10 pleasant, 10 neutral, and 10 unpleasant
visuogustatory stimuli. Each run for children
consisted of 18 pseudorandomized trials, with 6
pleasant, 6 neutral, and 6 unpleasant visuogusta-
tory stimuli. For the individual conditions, this
resulted in a three-factorial mixed design with the
two within-group factors target (self, other judg-
ment) and valence (pleasant, neutral, and unpleasant
stimulation) and the between-group factor age group
(children and adults).

The individual conditions were followed by the
simultaneous conditions. In these simultaneous con-
ditions both participants in the room received taste
stimuli simultaneously and were instructed to
either judge the pleasantness of their own taste
experience (simultaneous self condition) or judge
the pleasantness of the taste experience for the
other person (simultaneous other condition). The
simultaneous self and simultaneous other condi-
tions were blocked and counterbalanced. In these
conditions two pictures appeared on the screen.
The left picture was labeled “Self” on the top and
corresponded to the taste the participant received,
while the right picture labeled “Other” corre-
sponded to the taste the other person received. The
taste experiences of the two participants could be
either affectively congruent (e.g., both receive posi-
tive tastes) or incongruent (e.g., one receives posi-
tive, the other negative taste). The EEB was defined
as the difference between ratings in incongruent
and congruent trials when judging the other, as
compared to the difference when judging one’s
own feelings. Importantly for the simultaneous con-
ditions, the self judgment therefore was used as a
control for general perceptual or cognitive con-
founds—such as visual and affective stimulus com-
parison, detection of incongruency, or overcoming
general response conflict. In the simultaneous con-
ditions for adults, each run consisted of 40 pseudo-
randomized trials, with 20 pleasant (10 congruent
and 10 incongruent) and 20 unpleasant (10

768 Hoffmann, Singer, and Steinbeis



congruent and 10 incongruent) visuogustatory stim-
uli. For the simultaneous conditions for children,
each run consisted of 24 pseudorandomized trials,
with 12 pleasant (6 congruent and 6 incongruent)
and 12 unpleasant (6 congruent and 6 incongruent)
visuogustatory stimuli. Simultaneous conditions
were blocked according to target, so that half the
participants started with the self judgment and half
of the participants started with the other judgment.

This resulted in a four-factorial mixed design
with the three within-group factors target (self,
other judgment), valence (pleasant, unpleasant stim-
ulation), and congruence (congruent, incongruent
stimulation of participant and other) and the
between-group factor age group (children and
adults). Data analysis was performed using the
IBM SPSS statistics software, version 19.0 (IBM,
Armonk, NY).

Third Session

Visual Perspective Taking

To assess children’s and adults’ visual perspec-
tive-taking abilities we used an established para-
digm shown to work well for both children and
adults (for details, see Surtees & Apperly, 2012). In
this paradigm, participants heard instructions while
they viewed a cartoon avatar standing in a cartoon
room with dots on the wall. The auditory stimulus
asked them to judge how many dots they perceive
(self condition) or how many dots the avatar per-
ceives (other condition). The participants then had
to respond with the appropriate key with “yes” or
“no” (see Surtees & Apperly, 2012). Self trials as
well as other trials could be either consistent or
inconsistent depending on whether both participant
and avatar saw the same number of dots or not.
A possible “egocentric” interference would be
described as an increase in RT and error rate for
participants’ judgments on inconsistent other trials
compared to consistent other trials (Surtees &
Apperly, 2012). One adult participant had to be
excluded from the analysis, as he clearly misunder-
stood the task.

Inhibitory Control

Inhibitory control in children and adults was
assessed with two different Go/NoGo tasks. An
emotional Go/NoGo task that used happy and
fearful face stimuli as Go and NoGo stimuli (for
details, see Hare et al., 2008), as well as a normal
Go/NoGo task (same design) using a blue square

as a Go stimuli and a red square as a NoGo stimuli
(intertrial intervals: 1,000, 1,500, 2,000, 2,500, and
3,000 ms). In these tasks participants had to
respond quickly with a button-press to the presen-
tation of Go stimuli, while withholding a response
to the presentation of NoGo stimuli. Response inhi-
bition was measured by the ability to inhibit the
response to NoGo stimuli. d-prime scores for both
Go/NoGo tasks were calculated as a measure of
response sensitivity: d0 = Z (hit rate) � Z (false
alarm rate).

Conflict Processing

To assess conflict processing, participants per-
formed a Flanker task using emotional faces (e.g.,
Fenske & Eastwood, 2003). Participants had to
respond as quickly as possible with their right
index and middle fingers using the arrow buttons
on the keyboard to happy and angry target faces
(NimStim faces; Tottenham et al., 2009), which were
presented in the center of the screen (picture size:
101 9 130 pixels). These target faces were flanked
by eight distractor faces (picture size: 101 9 130
pixels) that were either all identical or opposite in
their emotion displayed relative to the target face.
The distractor faces appeared directly around the
target faces in angles of 0, 45, 90, 135, 180, 225, 270,
and 315°, building in total a 3 9 3 grid with the
target faces perfectly adjacent directly in the center
of the grid. A trial was considered to be compatible
if the target face was flanked by identical faces por-
traying the same emotion and considered incompat-
ible if the target was flanked by affectively opposite
but same identity faces. The eight distractor faces
preceded the target face (100, 200, or 300 ms), and
remained on the screen together with the target
until a response was given (1,000 ms). Trials were
always followed by a random intertrial interval
(500, 1,000, 1,500 ms). In total, there were 96 trials,
48 compatible trials and 48 incompatible trials (24
happy and 24 angry targets). The trial order was
randomized for each participant. All participants
were instructed to respond as quickly as possible.
An increase in RT (on correct trials) and error rates
in incompatible compared to compatible trials indi-
cates a so-called flanker compatibility effect (Erik-
sen & Eriksen, 1974).

Emotion Regulation

We specifically developed a new task in which
participants were instructed to regulate their own
taste experiences. To most closely match the
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demands of the emotion regulation task to the
demands of the ETAP, the same tastes and the
same taste pictures were used, as well as the same
length of taste stimulation. Participants were
instructed to either taste the liquids normally or to
reappraise their taste experience as weaker and less
strong (taste or regulate), which was indicated by a
picture cue remaining on the screen for 4,000 ms
(e.g., Pitskel et al., 2011). This was followed by a
gustatory stimulation of 1,500 ms. Afterward, par-
ticipants judged the pleasantness or unpleasantness
of the taste by tapping on a rating scale (ranging
from �10 to 10) on the touch screen, within
4,000 ms RT. Afterward, an instruction to relax
appeared on the screen for 3,000 ms, followed by
an intertrial interval of 2,000 ms. The experiment
consisted of 10 reappraising trials (5 positive, 5 neg-
ative), and 20 normal taste trials (5 positive, 5 nega-
tive, 10 neutral) in a pseudorandom order. If
participants seemed to use other strategies (distrac-
tion, suppression) during the training, they were
informed about it and instructed to use reapprais-
ing strategies instead.

Attentional Reorienting

Attentional reorienting was assessed using the
“attentional cueing” paradigm (for details, see Mitch-
ell, 2008). In this task participants were instructed to
indicate by pressing the left or right arrow key on the
keyboard, the location of a visual target stimulus on
the left or the right side of the computer screen. The
location of the visual target was either congruent or
incongruent to a preceding arrow pointing to the left
or to the right. Typically, RTs and error rates have
been shown to be increased in the incongruent condi-
tion compared to the congruent condition (Mitchell,
2008). Because of a technical problem, data from one
adult could not be obtained.

Processing Speed

To assess processing speed, children and adults
performed a reaction time task (for details, see
Deary, Der, & Ford, 2001). For simple reaction time
a gray square appeared on the screen and partici-
pants had to press the corresponding button (gray
button) with their index finger. For the four-choice
reaction time participants rested the second and
third finger of each hand on the colored keys (pink,
brown, red, and blue) and pressed the correspond-
ing button when a colored square appeared on the
screen. Because of technical problems, data from
five children could not be obtained.

Results

EEB Taste-Paradigm

Individual Conditions

Ratings. To investigate any group differences in
the individual conditions, an analysis of variance
(ANOVA) on the affective ratings with target and
valance as within-subjects factors, and age group as
between-subjects factor was performed. The results
revealed no significant main effect of group and no
significant interactions of Target 9 Group, Valence
9 Group, or Target 9 Valence 9 Group (Fs < 1.798,
ps > .170). There was a significant main effect of
valence, F(1, 58) = 429.676, p < .001, g2

p ¼ :881, but
no significant main effect of target, or significant
interaction of Target 9 Valence (Fs < 2.836,
ps > .098) indicating that the emotion induction by
means of visuogustatory stimulation was equally
effective for both groups of participants.

Simultaneous Conditions

Ratings. To investigate whether children would
display a significantly greater EEB than adults, an
ANOVA on the affective ratings with target, con-
gruency, and valence as within-subjects factors and
age group as between-subjects factor was per-
formed. The results showed that there was no main
effect of age group, F(1, 58) = 1.442, p = .235,
g2
p ¼ :024. However, there were significant interac-

tions of target and age group, F(1, 58) = 5.597,
p < .05, g2

p ¼ :088, and valence and age group, F(1,
58) = 5.170, p < .05, g2

p ¼ :082. Most importantly,
children showed a significantly larger emotional
egocentricity than adults as shown by the triple
interaction of target, congruency, and age group,
F(1, 58) = 4.553, p = .037, g2

p ¼ :073. The EEB was
defined as the difference between ratings in incon-
gruent and congruent trials when judging the other,
as compared to the difference when judging one’s
own feelings and calculated accordingly. In fact, the
children’s EEB was 2.09 times larger than that of
the adults (Figure 1). Furthermore, within the
group of children the EEB decreased significantly
(one-tailed) with age, r = �.335, p = .035, meaning
the older the children were the smaller their emo-
tional egocentricity was.

The results in the children sample revealed main
effects of target, F(1, 29) = 12.727, p < .01, g2

p ¼
:305, and congruency, F(1, 29) = 6.103, p < .05,
g2
p ¼ :174. There was no main effect of valence, F(1,

29) = 0.137, p = .714, g2
p ¼ :005 (Figure 2a). Chil-

dren displayed significant emotional egocentricity
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as indicated by the significant target and congru-
ency interaction, F(1, 29) = 21.608, p < .0001,
g2
p ¼ :427, showing that the congruency effect was

larger when rating the other compared to rating the
self. This observed effect in children was 1.2 times
larger than in a previous study (g2

p ¼ :427 vs.
g2
p ¼ :345 in Steinbeis et al., 2014). There were no

further significant interactions between the vari-
ables (Fs < 2.219, ps > .147). The results in the adult
sample revealed main effects of valence, F(1,
29) = 17.646, p < .0001, g2

p ¼ :378, and congruency,
F(1, 29) = 5.980, p < .05, g2

p ¼ :171. There was no
main effect of target, F(1, 29) = 0.206, p = .653,
g2
p ¼ :007. Adults displayed significant emotional

egocentricity as indicated by a significant target
and congruency interaction, F(1, 29) = 17.346,
p < .001, g2

p ¼ :373 (Figure 2b). This observed effect
in adults was 5.1 times larger than in a previous
study (g2

p ¼ :373 vs. g2
p ¼ :074 in Silani et al., 2013),

which speaks to the suitability of visuogustatory
stimulation to induce a strong EEB. There were no
further interactions between the variables
(Fs < 0.580, ps > .453).

We also tested whether differences in processing
speed of emotional incongruence between children
and adults could influence differences in EEB. For
this, we computed an EEB from the RTs of the
simultaneous conditions (computed as the EEB for

the ratings) and used it as a covariate. The results,
however, showed that the interaction of target, con-
gruency, and age group remained significant, F(1,
57) = 5.018, p = .029, g2

p ¼ :081. Similarly, differ-
ences in EEB between children and adults could be
due to differences in emotion intensity perception.
We therefore looked at whether the single self
intensity rating (average of positive and negative
ratings for self) has any significant influence on the
difference in EEB between the two age groups and
included it as a covariate. The interaction of target,
congruency, and age group remained significant,
F(1, 57) = 3.922, p = .026, g2

p ¼ :064 (one-tailed).
These results show that neither differences in pro-
cessing speed of emotional incongruence nor differ-
ences in emotion intensity perception between
children and adults can explain the larger EEB in
children.

Assessment of Cognitive and Affective Mechanisms

The following describes the results for the tasks
performed by children and adults in the third ses-
sion. First, possible age group differences are
reported looking at the interactions with age group,
and then main effects of the tasks for children and
adults separately. Second, correlations of the differ-
ent cognitive and affective processes with the EEB
are reported first for children and adults separately,
and then over the total sample.

Visual Perspective Taking

To specifically investigate egocentricity in visual
perspective taking, analyses were performed on
error percentages and RTs for other perspective
judgments only.

Error percentages. Looking at age group differ-
ences, children showed a stronger egocentric inter-
ference as indicated by a significant Consistency 9

Age Group interaction, F(1, 55) = 4.625, p < .05,
g2
p ¼ :078. These results suggest that children show

an increased egocentricity in visual perspective tak-
ing compared to adults. For children a significant
main effect of consistency emerged, F(1, 28) =
19.054, p < .001, g2

p ¼ :405, indicating that children
showed significant egocentricity during visual per-
spective taking. Also for adults a significant main
effect of consistency emerged, F(1, 27) = 15.783,
p < .001, g2

p ¼ :369, indicating that adults showed
significant egocentricity during visual perspective
taking.

Response times. Looking at age group differences,
children showed a stronger egocentric interference

Figure 1. Emotional egocentricity bias (EEB; mean + standard
error) is pooled across pleasant and unpleasant judgments for
both children and adults. For descriptive purposes, EEB was
explicitly calculated by subtracting other-related emotion judg-
ments (run “other judgment”) during congruent trials from
other-related judgments during incongruent trials. From this, as
a control, we subtracted the differences between congruent and
incongruent trials in the “self judgment” run. Whereas both
adults and children show a significant EEB, children’s EEB is sig-
nificantly larger and more than double the size of the adults.
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as indicated by a marginally significant Consistency
9 Age Group interaction, F(1, 55) = 3.970, p = .051,
g2
p ¼ :067. For children a significant main effect of

consistency emerged, F(1, 28) = 56.806, p < .001,
g2
p ¼ :670, indicating that children showed signifi-

cant egocentricity during visual perspective taking.
Also for adults a significant main effect of consis-
tency emerged, F(1, 27) = 71.810, p < .001, g2

p ¼
:727, indicating that adults showed significant
egocentricity during visual perspective taking.

Differences in RTs and error percentages
between inconsistent other and consistent other
conditions were computed as measures of cognitive
egocentricity. In both cases, larger difference scores
indicated greater incongruency costs, therefore
greater egocentricity. There was no significant rela-
tion between cognitive egocentricity and the EEB
for children (RTs: r = .099, p = .608; error percent-
age: r = �.145, p = .453) or for adults (RTs: r =
�.055, p = .780; error percentage: r = �.106, p =
.591), or for the total sample (RTs: r = .122,
p = .368; error percentage: r = �.056, p = .675).

Inhibitory Control

For the emotional Go/NoGo d-prime score the
two different d-prime scores for the emotional tar-
get conditions were averaged together as no signifi-
cant differences were found between response
inhibition toward happy and toward fearful targets.
Larger d-prime scores indicated greater response
sensitivity. To investigate differences in inhibitory
control, independent sample t tests were performed
on the d-prime measures. Adults showed signifi-
cantly greater d-prime scores for the emotional
Go/NoGo, t(56) = 6.414, p < .001, as well as for the
normal Go/NoGo, t(56) = 10.255, p < .001. These
results showed that adults exhibited significantly
better response inhibition compared to children.

There was no significant relation between
response inhibition and the EEB for children. This
was the case for the emotional Go/NoGo
(r = �.207, p = .281) as well as for the normal Go/
NoGo (r = �.113, p = .560). For adults there was
also no relation between response inhibition on the

Figure 2. (a) Children’s and (b) adults’ emotion judgments (mean + standard error) during the simultaneous conditions are plotted for
each condition of the factorial design.
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emotional Go/NoGo (r = �.098, p = .612) and on
the normal Go/NoGo (r = .030, p = .879) and the
EEB. Over the total sample, however, there was a
significant negative correlation of response inhibi-
tion and the EEB on the emotional Go/NoGo
(r = �.269, p = .041) and a marginally significant
negative correlation on the normal Go/NoGo
(r = �.246, p = .063), indicating that with decreas-
ing ability in response inhibition the EEB tends to
increase.

Conflict Processing

Error percentages. Looking at age group differ-
ences there was a significant main effect of age
group, F(1, 56) = 17.339, p < .001, g2

p ¼ :237. Addi-
tionally, there was a significant interaction of Com-
patibility 9 Age Group, F(1, 56) = 4.266, p < .05,
g2
p ¼ :071. There were no further interactions with

age group and target, and age group and target
and compatibility (Fs < 0.091, ps > .764). These
results indicate that children show a greater com-
patibility effect than adults, pointing toward greater
difficulties in conflict processing. For children there
was a significant flanker compatibility effect, F(1,
28) = 5.081, p < .05, g2

p ¼ :154, and no significant
main effect of target face or Target Face 9 Compat-
ibility interaction (Fs < 0.692, ps > .412). For adults
there was no significant flanker compatibility effect,
F(1, 28) = 0.032, p = .859, g2

p ¼ :001, and no signifi-
cant main effect of target face and no significant
Target Face 9 Compatibility interaction (Fs < 2.449,
ps > .129).

Response times. Regarding age group differences
on RTs during correct trials there was a significant
main effect of age group, F(1, 56) = 15.390, p < .001,
g2
p ¼ :216, and a marginally significant interaction

of Compatibility 9 Age Group, F(1, 56) = 3.860,
p = .054, g2

p ¼ :064. There were no further interac-
tions with group and target, and group and target
and compatibility (Fs < 1.479, ps > .229). These
results suggest that children did indeed show more
difficulties in conflict processing, showing greater
compatibility effects in error percentages and also a
tendency toward greater compatibility effects in
RTs. For children there was a significant flanker
compatibility effect, F(1, 28) = 26.293, p < .001,
g2
p ¼ :484; a significant main effect of target face,

F(1, 28) = 7.141, p < .05, g2
p ¼ :203; but no signifi-

cant Target Face 9 Compatibility interaction, F(1,
28) = 1.838, p = .186, g2

p ¼ :062. Children showed
significantly faster responses for happy target faces.
For adults there was a significant flanker compati-
bility effect, F(1, 28) = 17.634, p < .001, g2

p ¼ :386,

but no main effect of target and no significant Tar-
get Face 9 Compatibility interaction (Fs < 3.600,
ps > .068).

A difference in error percentages between incom-
patible and compatible flanker conditions was com-
puted as a measure of conflict processing. A larger
difference score indicated greater compatibility
effects, therefore less efficient conflict processing.
There was a significant relation between conflict
processing and the EEB for children (r = .387,
p < .05) but not for adults (r = .031, p = .871). Fur-
thermore, there was a significant positive relation
between conflict processing and the EEB over the
total sample (r = .373, p < .005). This significant
association between conflict processing and the EEB
remained even after controlling for response inhibi-
tion as measured by the Go/NoGo tasks.

Emotion Regulation

Looking at age group differences there was no
significant Condition 9 Age Group interaction, F(1,
56) = 0.606, p = .404, g2

p ¼ :011, and no further sig-
nificant effects with age group (Fs > 0.398,
ps > .531). These results suggest that children and
adults reappraised their taste experiences equally
well in this novel emotion regulation task. There
was a significant effect of condition for children,
F(1, 28) = 57.202, p < .01, g2

p ¼ :671, as well as for
adults, F(1, 28) = 98.454, p < .01, g2

p ¼ :779. There
was no significant main effect of emotion
(Fs < 1.614, ps > .210) and no significant interaction
of Emotion 9 Condition for children and adults
(Fs < 1.047, ps > .315). These results indicate that
children and adults were successful at reappraising
their taste experiences and were so equally well for
negative and positive tastes.

A reappraisal score was computed as a measure
of emotion regulation success (difference between
ratings in the taste condition and the regulate condi-
tion). Larger scores indicated higher reappraisal abil-
ity. There was no significant relation between
reappraisal ability and the EEB for children
(r = �.123, p = .529) or for adults (r = .166, p = .389)
or for the total sample (r = �.023, p = .867).

Attentional Reorienting

Looking at age group differences for error percent-
ages as well as RTs, there was no Congruency 9 Age
Group interaction (Fs < 1.840, ps > .181).

For RTs there was a significant main effect of
congruency for children, F(1, 28) = 6.151, p < .05,
g2
p ¼ :180, and a marginally significant one for
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adults, F(1, 27) = 4.059, p = .054, g2
p ¼ :131. For

both groups no congruency effects were found for
error percentages (Fs < 1.331, ps > .259).

A difference score on the RTs was computed as
a measure of incongruency cost during attentional
reorienting (RT incongruent � RT congruent).
Larger scores indicated greater incongruency cost.
There was no significant relation between atten-
tional reorienting and the EEB for children
(r = �.129, p = .503) or for adults (r = .134,
p = .495). There was also no relation between atten-
tional reorienting and the EEB over the total sample
(r = �.031, p = .822).

Processing Speed

Looking at age group differences results revealed
a significant main effect of age group, F(1,
51) = 13.492, p < .01, g2

p ¼ :213, but no significant
Condition 9 Age Group interaction, F(1, 51) = 0.185,
p = .669, g2

p ¼ :004. There was a significant main
effect of condition for children, F(1, 23) = 59.025,
p < .001, g2

p ¼ :729, and adults, F(1, 28) = 637.761,
p < .001, g2

p ¼ :958. These results indicated, as
expected, that for the four-choice the RTs were signif-
icantly larger for children as well as adults.

A reaction time average of the one-choice and
the four-choice reaction time task was computed as
a general measure of processing speed. There was a
significant relation between processing speed and
EEB for adults (r = .424, p = .022), no such relation
for children (r = .104, p = .629), but a significant
relation between processing speed and the EEB
over the total sample (r = .310, p = .024).

Multiple Regression Analysis

To further investigate which of the cognitive and
affective measures uniquely account for individual
differences in the EEB, we performed a stepwise mul-
tiple regression over the total sample including all
cognitive and affective measures. The result indicated
that conflict processing significantly predicted the
EEB crucially explaining a unique variance of the size
in EEB, F(1, 50) = 6.491, p < .05, adjusted R2 = .342.

Mediation Analysis

To investigate whether the observed developmen-
tal effects in EEB could be accounted for by
age-related differences in other cognitive functions,
we performed a mediation analysis. According to
Baron and Kenny (1986), three criteria have to
be fulfilled for a mediation analysis: (a) the causal

variable (in this case age group) has to be related to
the outcome (in this case the EEB), (b) the causal var-
iable has to correlate with the mediator, and (c) the
mediator has to have an effect on the outcome vari-
able. Having tested seven additional tasks to investi-
gate the possible associations between different
cognitive functions and the EEB, we first corrected
for multiple comparisons using a Bonferroni correc-
tion. Conflict processing emerged as the only other
cognitive function that demonstrated robust differ-
ences between age groups, as well as a significant
correlation with the EEB, that survived at the new
alpha level of p = .0071. We therefore tested whether
the observed age effects in the EEB would be medi-
ated by differences in conflict processing. To do so,
we conducted a mediation analysis where age was
the predictor, conflict processing (error percentage)
the mediator, and EEB the outcome variable. Analy-
ses were conducted using bootstrapping procedures
recommended for smaller samples and dichotomous
predictor variables (in this case age group) and
operationalized in an SPSS Macro (Preacher &
Hayes, 2008). We used 5,000 bootstrap resamples of
the data with replacement. Statistical significance
with alpha at .05 is indicated by the 95% confidence
intervals not crossing zero.

We found a significant mediation effect of con-
flict processing with respect to the relation between
age and the EEB (indirect effect = 1.69, SE = 1.04,
95% CI = [.23, 4.16]; see Figure 3). In addition, this
mediation was total, meaning that children’s ability
to solve conflict accounted solely for the age differ-
ences, as the direct effect of age did not signifi-
cantly predict the EEB.

Discussion

By using the novel ETAP based on visuogustatory
stimulation to induce EEB, this study investigated
developmental differences in the EEB between chil-
dren and adults and their underlying cognitive
mechanism. As compared to previous studies using
either a visuotouch (ETOP; Silani et al., 2013) or an
EMOP (Steinbeis et al., 2014) to induce EEB, using
taste allowed us for the first time to elicit strong
enough positive and negative emotions and thus a
robust EEB in children as well as in adults with the
same paradigm. Furthermore, the observed effects
in adults as well as in children were much larger
than in previous studies (Silani et al., 2013; Stein-
beis et al., 2014), which speak for the suitability
of visuogustatory stimulation and the new ETAP
for the investigation of the EEB. As hypothesized,
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children between the ages of 7 and 12 showed a
significantly larger EEB compared to adults, which
was double in size. Additionally, in line with previ-
ous findings (Steinbeis et al., 2014), the EEB
decreased within the children sample from ages 7
to 12. Developmental differences between children
and adults were found in processing speed, visual
perspective taking, inhibitory control, and conflict
processing but not for attentional reorienting and
emotion regulation. Importantly, only conflict
processing and none of the other cognitive and
affective abilities showed a robust association
with individual differences in the EEB. Indeed con-
flict processing was the only one of the many cog-
nitive and affective functions assessed that
mediated the developmental differences observed
in EEB between children and adults. This suggests
that children’s difficulty in overcoming the EEB
seems to be best explained by their difficulties in
conflict processing.

While conflicting information is present in both
the incongruent other and the incongruent self con-
dition of the ETAP, the response conflict is much
larger when one has to take the perspective of
another person that is incongruent to one’s own
than if one has to rate his or her own states even if
these are incongruent to what the other is feeling.
In the incongruent other condition the immediate
emotional experience of the self seems to be more
difficult to disregard than the more abstract notion
of the other’s emotional state conveyed by the pic-
ture in the incongruent self condition. Children’s
difficulties in conflict processing have been previ-
ously reported and it is assumed that conflict pro-
cessing relevant brain regions such as the dorsal

anterior cingulate cortex and DLPFC develop
throughout childhood into early adulthood (e.g.,
Fjell et al., 2012; Steinbeis, Bernhardt, & Singer,
2012). Although we have no direct evidence, we
propose that it is in particular the process of con-
flict resolution that plays a functional and critical
role in overcoming emotional egocentricity. In sup-
port of this claim, the DLPFC in particular has been
interpreted to play an important role in the resolu-
tion of conflict (Badre & Wagner, 2004; Chen, Wei,
& Zhou, 2006; Egner & Hirsch, 2005; Kim, Kroger,
& Kim, 2011), while also showing protracted matu-
ration (Gogtay et al., 2004; Shaw et al., 2008; Sowell
et al., 2003). Consequently, the previously men-
tioned crucial involvement of lDLPFC in overcom-
ing EEB (Steinbeis et al., 2014) might be related to
the underlying mechanism of conflict processing
(resolution of conflict in particular), as identified in
this study. It might be therefore suggested that
lDLPFC communicates with rSMG, which dis-
ambiguates emotional self and other perspectives,
and engages in conflict resolution to overcome EEB
to arrive at an accurate empathic judgment of
the others’ emotional state. Ongoing maturational
processes in both the lDLPFC and rSMG as well as
their neuronal connections seem to make children
more prone to an increased EEB compared to
adults. It has to be noted that even though there is
already some strong evidence to assume that a sim-
ilar set of brain regions is recruited in the context of
overcoming the EEB, whether this also holds for
the present paradigm remains to be seen. Taken
together, in ascribing the specific functional role of
conflict resolution to lDLPFC in overcoming EEB,
this study not only provides an underlying mecha-
nism explaining age-related differences in EEB but
also relates it to a specific neuronal architecture,
meaningfully tying together behavioral and neuro-
imaging findings. Even further, as empathic abilities
have been linked to prosocial behaviors (Batson &
Shaw, 1991; Eisenberg, 2000; Eisenberg et al., 1989;
Hein, Lamm, Brodbeck, & Singer, 2011; Hein, Silan-
i, Preuschoff, Batson, & Singer, 2010), the identifica-
tion of conflict processing as an underlying
mechanism of developmental differences in EEB
could possibly inform targeted interventions, lead-
ing to greater prosociality early in development by
increasing the accuracy of empathic judgments in
children.

In identifying conflict processing as an under-
lying mechanism of developmental differences in
EEB, the question arises to what degree it is in
particular children’s ability to resolve an emotional
conflict as compared to a nonemotional conflict

Figure 3. Display of the mediation model with emotional ego-
centricity bias (EEB) as outcome variable, age as independent
variable, and conflict processing as mediator variable. Values are
unstandardized regression coefficients. There was a significant
mediation effect of conflict processing with respect to the relation
between age and the EEB.
*p < .05
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during the ETOP. The conflict processing task in
this study used emotional stimuli, so it can be
argued that this task not only measures conflict
processing per se but even beyond that measures
emotional conflict processing. Previous research has
shown that solving emotional conflicts versus non-
emotional conflicts recruits very specific brain
regions (Egner, Etkin, Gale, & Hirsch, 2008; Etkin,
Egner, Peraza, Kandel, & Hirsch, 2006). In the case
of this study, the emotional Go/NoGo task and
nonemotional Go/NoGo task, while equivalent in
design, did not correlate very highly (r = .557,
p < .001) over the total sample, indicating that the
affective aspects of the task are not totally
accounted for by a general cognitive process. In
sum, it can be argued that for children it might be
in particular their ability to resolve emotional con-
flicts that helps them to decrease their emotional
egocentricity; however, further research is needed
to clarify this point, using emotional and nonemo-
tional conflict processing tasks. In this study, no
significant compatibility effect was found for error
rates in adults on the Flanker task. One plausible
explanation could be a ceiling effect in performance,
as adults are very good at resolving conflict, as also
the low error rates for adults during incongruent
trials in this study suggest.

Another important question of this study was
whether egocentricity constitutes a unitary phenom-
enon in development and whether age-related
changes in the extent of egocentricity undergo
shared developmental trajectories. Interestingly, this
study did not find any evidence for a relation
between the EEB and visual perspective taking.
Similar to ToM, visual perspective taking has been
associated with functioning of the right temporo-
parietal junction (rTPJ) and not the rSMG (e.g.,
Ramsey, Hansen, Apperly, & Samson, 2013). Visual
perspective taking was investigated using a previ-
ously established paradigm (Surtees & Apperly,
2012) in order to search for possible commonalities
with the EEB. Visual perspective taking, especially
Level 2 perspective taking, has been found to be
related to ToM (e.g., Hamilton, Brindley, & Frith,
2009), and as this paradigm also included a conflict-
ing self and other perspectives, it was very similar
in demands to the ETAP and therefore a good com-
parison task. While developmental differences in
visual perspective taking were indeed observed,
with children committing more egocentric errors
and showing higher incongruency costs in reaction
times as adults, these age-related differences were
however unrelated to individual differences in the
size of the EEB. This means that, for example, chil-

dren showing egocentricity in visual perspective
taking did not necessarily show such egocentricity
in emotional perspective taking. This finding
together with the previous above-mentioned find-
ings (Silani et al., 2013; Steinbeis et al., 2014) sup-
ports the view that overcoming egocentricity in the
emotional domain has to be seen as a different
function than overcoming cognitive egocentricity
involved in visual perspective taking and ToM
tasks. This in turn suggests that egocentricity can-
not be regarded as a unitary phenomenon in devel-
opment, and future research should instead treat
egocentricity as a phenomenon with considerable
domain specificity.

Previous studies have suggested that the ability
to overcome EEB is associated with brain functions
of the rSMG (Silani et al., 2013; Steinbeis et al.,
2014) and may be unrelated to abilities of attentional
reorienting and ToM, both of which have been asso-
ciated with functions of the adjacent rTPJ (Decety &
Lamm, 2007; Mitchell, 2008; Scholz, Triantafyllou,
Whitfield-Gabrieli, Brown, & Saxe, 2009). The pres-
ent results are again a piece of evidence for such a
functional segregation as again here the EEB was
not related to attentional reorienting either in chil-
dren or in adults. This suggests that the lower level
processes such as attentional reorienting, as well as
processing speed, are not crucially involved in over-
coming emotional egocentricity and do not explain
any developmental differences in EEB.

Whereas conflict processing explained develop-
mental differences in EEB, response inhibition as
measured by the emotional and normal Go/NoGo
task did not. This fact might be best explained by
the nature of the EEB task. In contrast to false belief
tasks and Level 2 visual perspective taking tasks,
which have been related to inhibitory control (Carl-
son & Moses, 2001; Friedman & Leslie, 2005; Perner
& Lang, 1999; Wellman et al., 2001), mental states
of self and other are not competing experiences,
having the same object of reference but merely con-
flicting emotional experiences with differing objects
of reference. For example, in a typical false belief
task the two agents have different knowledge about
where an object is hidden, while one agent’s belief
is necessarily true, the other agent’s belief is neces-
sarily false. In the EEB task, in contrast, the two
agents have differing emotional experiences, each
linked to a separate object of reference (e.g., juice
vs. quinine). While these emotional experiences are
conflicting, they are not competing realities as they
remain true in their own right, bound to the indi-
vidual experiences. Therefore, it can be hypothe-
sized that response inhibition might be less
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involved in overcoming emotional egocentricity, as
the emotional state of the self has to be disregarded
rather than inhibited to arrive at a correct empathic
judgment of the emotional state of the other. This
would mean that conflicting emotional self and
other representations are both online, but self repre-
sentations do not have to be totally detached from
to take the perspective of the other as in the case of
false belief tasks. It might be specifically the ability
to selectively attend to one stimuli while ignoring
the conflicting one that is presented simultaneously
that distinguishes conflict processing from simple
response inhibition, and relates conflict processing
to overcoming emotional egocentricity during the
ETOP. Additionally, the blocked design used in this
study minimized doubt about what the prepotent
response should be (rating self or rating the other),
therefore diminishing a further need for response
inhibition. For future studies it would be interesting
whether response inhibition would become increas-
ingly involved, when using the ETOP with an
even-related design.

Another cognitive capacity that has been hypothe-
sized to potentially play a role in overcoming EEB
and the developmental differences in EEB between
children and adults is emotion regulation through
cognitive reappraisal. To investigate children’s and
adults’ abilities to regulate their emotional states
through cognitive reappraisal we developed an emo-
tion regulation paradigm in which participants were
instructed to regulate their taste experiences. This
was done to closely match the emotion regulation
task to the taste EEB task. Both children and adults
were able to reappraise their taste experiences, and
unlike our expectations and previous findings (e.g.,
McRae et al., 2012; Pitskel et al., 2011), no develop-
mental differences in cognitive reappraisal emerged
based on this task. It is unclear why no developmen-
tal differences were found. Albeit speculative, it
could be the case that primary emotions are some-
how easier to regulate than more complex secondary
emotions. The significant association of conflict pro-
cessing and age-related differences in the EEB might
suggest that more basic and possibly more rapid cog-
nitive processes might be involved in overcoming
the EEB with its short time scale, leaving little room
for more explicit and complex cognitive processes
such as cognitive reappraisal.

Conclusion

Using a novel EEB paradigm based on visuo-
gustatory stimulation, the ETAP, this study
extends previous findings of the existence of an

EEB in children and adults to another modality.
Children between the ages of 7 and 12 exhibited
a significantly larger EEB than adults. There was
no evident link in the development of overcoming
the EEB with developmental changes in cognitive
egocentricity, speaking to egocentricity as a partly
domain-specific phenomenon. In turn, the age-dif-
ferences were mediated by conflict-processing abil-
ity but not by a variety of other possibly relevant
affective and cognitive abilities such as inhibition,
attentional reorienting, processing speed, or emo-
tion regulation. Thus, the ability to process con-
flict seems to be crucial in overcoming EEB and
future research should aim to look more closely at
what ways conflict processing and the EEB are
interrelated on the behavioral and the neuronal
level. Additionally, this study provided further
evidence for the assumption that overcoming emo-
tional egocentricity is independent of other func-
tions also relying on temporoparietal functions
such as attentional reorienting, ToM, and visual
perspective taking. Further investigation of the
EEB in development and its interrelation with the
development of conflict processing in general
seems of great significance, as inappropriate and
egocentrically biased empathic judgments can
hamper the normal development of interpersonal
understanding, be the cause of conflicts, and lead
to detrimental consequences for developing chil-
dren trying to find their place in their social
world. In this sense, identifying the underlying
mechanisms of emotional egocentricity in develop-
ment, such as conflict processing, can help to inform
interventions promoting normative change in cases
where children show great difficulties in overcoming
emotional egocentricity.
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