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Abstract
Aging is associated with changes in cognitive and affective functioning, which likely shape older adults’ social cognition. As the
neural and psychological mechanisms underlying age differences in social abilities remain poorly understood, the present study
aims to extend the research in this field. To this purpose, younger (n = 30;Mage = 26.6), middle-aged (n = 30;Mage = 48.4), and
older adults (n = 29;Mage = 64.5) performed a task designed to assess affective perspective-taking, during an EEG recording. In
this task, participants decided whether a target facial expression of emotion (FEE) was congruent or incongruent with that of a
masked intervener of a previous scenario, which portrayed a neutral or an emotional scene. Older adults showed worse perfor-
mance in comparison to the other groups. Regarding electrophysiological results, while younger and middle-aged adults showed
higher late positive potentials (LPPs) after FEEs congruent with previous scenarios than after incongruent FEEs, older adults had
similar amplitudes after both. This insensitivity of older adults’ LPPs in differentiating congruent from incongruent emotional
context-target FEE may be related to their difficulty in generating information about others’ inner states and using that informa-
tion in social interactions.
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Emotional perspective-taking is an important source of human
empathy and is considered an indispensable element in the
fully developed, mature Theory of Mind (ToM; Decety &
Jackson, 2004). It is defined as the ability to take the perspec-
tive of another person, and determines the success of social
interactions (Derntl et al., 2009). Through perspective-taking,
one is able to infer, understand, and foresee others’mental and
emotional states – ToM – as well as to share and to respond
appropriately to such states – empathy.

Investigations on perspective-taking abilities during aging
have been mainly conducted with the perspective-taking sub-
scale of the Interpersonal Reactivity Index (IRI; Davis, 1983).
While one study showed that older adults reported better
perspective-taking than younger adults but worse than
middle-aged adults (O’Brien, Konrath, Grühn, & Hagen,
2012), another study revealed that this ability seems not to
change with aging (Yi et al., 2017). However, considering that
aging appears to affect ToM abilities (Henry, Phillips,
Ruffman, & Bailey, 2013; Moran, 2013), it is important to
understand the neural and psychological mechanisms under-
lying such age-related differences. According to a meta-anal-
ysis, younger adults outperform older adults in all types of
ToM tasks (Henry et al., 2013). However, studies that includ-
ed matched control tasks showed that age-related deficits are
similar in both ToM and non-ToM conditions, being unclear
whether group differences are specific to ToM or secondary to
age-related cognitive decline (Henry et al., 2013). A compre-
hensive review suggested that older adults’ performance in
tasks using visual stimuli are relatively independent of cogni-
tive deficits, while performance in tasks using verbal stories
are more dependent on cognitive abilities, such as working
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memory, processing speed, and executive function (Moran,
2013).

Neuroimaging studies suggested that older adults com-
pensate impairments in domain-specific ToM by using
domain-general processing skills (Moran, 2013). For in-
stance, while younger and older adults activated the right
inferior frontal gyrus (IFG) during a ToM task, an area
associated with facial visual encoding (Kelley et al.,
1998), older adults also had higher activation of the left
IFG (Castelli et al., 2010), an area typically associated with
verbal memory (Kelley et al., 1998). Other studies also
found that older adults had reduced activation of brain
areas associated with ToM, such as the anterior cingulate
cortex (Castelli et al., 2010), medial prefrontal cortex, and
temporoparietal junction (Moran, Jolly, & Mitchell, 2012).

Functional MRI studies have allowed localizing several
regions implicated in perspective-taking processes (e.g.,
David et al., 2008; Jackson, Meltzoff, & Decety, 2006).
However, considering the poor temporal resolution of
fMRI, tracking the temporal nature of these processes is
crucial to understand neuroimaging and behavioral results
better. Studies using event-related potentials (ERPs),
which have very precise temporal resolution, are well suit-
ed to this function (Liu, Sabbagh, Gehring, & Wellman,
2004). However, to the best of our knowledge, older adults
were not included in any of the previous studies examining
brain potentials related to ToM (Bowman, Liu, Meltzoff, &
Wellman, 2012; Liu et al., 2004; Liu, Meltzoff, &
Wellman, 2009; Meinhardt, Sodian, Thoermer, Döhnel, &
Sommer, 2011; Sabbagh & Taylor, 2000; Wang et al.,
2010), or to perspective-taking abilities (Decety, Yang, &
Cheng, 2010; Li & Han, 2010; McCleery, Surtees,
Graham, Richards, & Apperly, 2011).

In an attempt to fill this gap, we examine age-related dif-
ferences in behavioral and neural responses to a perspective-
taking task, which assesses participants’ ability in inferring
emotional states of others. To this purpose, we adapted a task
previously used in an fMRI study (Derntl et al., 2009), in
which participants observe scenarios showing two persons
involved in social interactions, portraying emotional and neu-
tral scenes. One person in each scenario is masked, and par-
ticipants must infer his/her affective mental state. Then, a tar-
get facial expression of emotion (FEE) is displayed, and par-
ticipants have to decide if the emotion presented is congruent
or incongruent with the emotion inferred during the scenario.
In half of the trials the FEEs are congruent with the affective
state of the person with the masked expression (congruent
condition), whereas in the other half they are not (incongruent
condition). This experimental design was based on previous
studies that assessed contextual congruency (Diéguez-Risco,
Aguado, Albert, & Hinojosa, 2013), defined here as the
matching between a target emotion portrayed in a facial ex-
pression and the emotion portrayed by the previous scenario.

Different to previous studies, an accurate decision in our task
requires an accurate inference of the emotional state of the
masked intervener. That is, participants have to accurately
infer the emotion of a masked actor in a given scenario, com-
pare it to the emotion presented in a target FEE, and decide
whether the inferred and visualized emotions were congruent
or incongruent. Thus, with this experimental manipulation, we
investigate perspective-taking abilities through the behavioral
performance, while we assess how these abilities modulate
two ERP components that are typically influenced by the af-
fective and evaluative congruency: the N170 and the late pos-
itive potential (LPP).

The N170 is an occipitotemporal negative deflection that
usually appears at ~170 ms after stimulus onset (Rossion &
Jacques, 2008). This component appears to reflect the earliest
stage of facial structure encoding (Bentin, Allison, Puce,
Perez, & McCarthy, 1996), but is also sensitive to the emo-
tional content (Almeida et al., 2016; Hinojosa, Mercado, &
Carretié, 2015). Regarding contextual effects, N170 ampli-
tude is usually larger in congruent trials, at least when pictures
are used as contextual stimuli (Hietanen & Astikainen, 2013;
Righart & de Gelder, 2006; Righart & de Gelder, 2008a,
2008b). This component appears not to be affected by aging
(Gao et al., 2009). While one study showed reduced laterali-
zation (typically evidenced to the right hemisphere),
interpreted as compensation for age-related decline (Komes,
Schweinberger, & Wiese, 2014), another study showed that
older adults had an increased N170 for negative faces and a
similar N170 for positive faces (Liao, Wang, Lin, Chan, &
Zhang, 2017). Indeed, a study from our group showed that
younger, middle-aged, and older adults had similar perfor-
mances in an emotional identification task, which was accom-
panied by an increased N170 amplitude in the older group
(Gonçalves et al., 2018b).

The LPP is a centro-parietal positive deflection that usually
appears between 300 and700 ms after the stimulus onset
(Herring, Taylor, White, & Crites, 2011). This component
reflects facilitated attention to emotional stimuli, and its am-
plitude is greater after emotionally arousing compared to neu-
tral pictures (Foti & Hajcak, 2008). In studies such as ours,
which manipulated congruency between a prime and a target,
the LPP indexes the processing of affective or evaluative con-
gruency, and its amplitude is larger to incongruent targets
compared to congruent ones (Morioka et al., 2016). This com-
ponent is alsomodulated by cognitive appraisal and motivated
attention (Weinberg & Hajcak, 2010), helping scenes (Cowell
& Decety, 2015), and morally good actions (Yoder & Decety,
2014). Previous studies showed reduced LPP amplitude in
older adults during the presentation of unpleasant stimuli,
and augmented amplitude during pleasant scenes (Kisley,
Wood, & Burrows, 2007; Wood & Kisley, 2006). However,
another study showed reduced LPP for older adults in all
emotional scenes, regardless of content (Renfroe, Bradley,
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Sege, & Bowers, 2016). A study from our group found that, in
comparison with younger adults, older adults showed a re-
duced LPP during the visualization of scenarios displaying
harmful action, which participants had to evaluate as inten-
tional or accidental (Pasion et al., 2018)

In our experiment, we used visual stimuli to assess
perspective-taking independently of general cognition
(Moran, 2013). However, to confirm this assumption,
neurocognitive measures were collected, and the scores were
correlated with behavioral and electrophysiological results.
Based on previous findings about the effects of aging on
ToM, we predicted poorer performance of older adults in our
perspective-taking task. Regarding electrophysiological re-
sults, we predicted the influence of perspective-taking pro-
cesses on early and later stages of the affective and evaluative
processing, indexed by a modulation of N170 and LPP com-
ponents. The N170 should be enhanced in congruent trials
(Hietanen & Astikainen, 2013; Righart & de Gelder, 2006;
Righart & de Gelder, 2008a, 2008b), while the LPP should
be enhanced in incongruent trials (Diéguez-Risco et al., 2013;
Dozolme, Brunet-Gouet, Passerieux, & Amorim, 2015;
Herring et al., 2011). As we expected a decreased
perspective-taking in the older group, we hypothesized that
these ERP modulations would be absent in this group.

Method

Participants

One hundred and eighty-three participants were recruited
from the local community and assigned to three age
groups: younger adults (age range: 20−35 years), middle-
aged adults (age range: 40−55 years), and older adults (age
range: 60−75 years). We excluded participants with scores
lower than 22 (n = 6) in the Montreal Cognitive
Assessment (MoCA; Nasreddine et al., 2005; Portuguese
norms by Freitas, Simões, & Santana, 2014), as well as
participants who reported uncorrected visual impairments
(n = 3), use of psychotropic medication (n = 15), history of
brain injury, alcohol or drug abuse, and neurological or
psychiatric diagnosis (n = 25). Besides the participants
excluded, 45 participants dropped out of the study before
the electrophysiological assessment, leading to a final sam-
ple composed of 30 younger (15 female; Mage = 26.6, SD
= 4.05, Meducation = 16.3, SD = 4.05), 30 middle-aged
(14 female; Mage = 48.4, SD = 5.50, Meducation = 15.4,
SD = 4.81), and 29 older (18 female; Mage = 64.5, SD =
4.10, Meducation = 14.1, SD = 4.84) adults. All partici-
pants were Caucasian and the groups were statistically
matched for years of formal education, F(2,88) = 1.96, p
= .148, sex, χ2 (2, N = 89) = 0.92, p = .631, and handed-
ness, χ2 (2, N = 89) = 2.77, p = .250.

A formal sample size calculation was not performed due to
the exploratory nature of this investigation and the lack of
information regarding the effects of perspective-taking abili-
ties in the ERP components of interest. However, prior to
conducting the study, we targeted a sample size of 30 for each
age group, somewhat higher than in previous studies using
ERP methodologies applied to perspective-taking or ToM
tasks (Bowman et al., 2012; Decety et al., 2010; Li & Han,
2010; Liu et al., 2004; Liu et al., 2009; Meinhardt et al., 2011;
McCleery et al., 2011; Wang et al., 2010). The current study
was part of a larger research project (Fernandes et al., 2018;
Gonçalves et al., 2018b; Pasion et al., 2018), which was ap-
proved by the local Ethics Committee. Participants provided
written informed consent in accordance with the Declaration
of Helsinki and were compensated with a fixed amount of 20€
(as a gift card) for their time.

Instruments and tasks

Neuropsychological measures The MoCA was used as a
screening instrument since it was specifically developed
for the assessment of milder forms of cognitive impair-
ment (Freitas et al., 2014). According to a validation
study performed with the Portuguese population, this in-
strument has an optimal cutoff point of 22 for mild cog-
nitive impairment (Freitas et al., 2014). In addition, we
also assessed: (a) executive functioning through the Trail
Making Test (TMT = Part B - Part A; Armitage, 1946;
Portuguese norms by Cavaco et al., 2013b) and the
Institute of Cognitive Neurology Frontal Screening (IFS;
Torralva, Roca, Gleichgerrcht, Lopez, & Manes, 2009;
Portuguese norms by Moreira, Lima, & Vicente, 2014);
(b) visuospatial short-term memory through the Corsi
Block-Tapping Task (Wechsler, 2008); (c) non-motor pro-
cessing speed and language production through the
Semantic and Phonemic Fluency tests (Strauss, Sherman,
& Spreen, 2006; Portuguese norms by Cavaco et al.,
2013a); and (d) learning, immediate and episodic memory
through the Auditory Verbal Learning Test (AVLT; Boake,
2000; Portuguese norms by Cavaco et al., 2015). Finally,
anxiety and depression were evaluated by the Hospital
Anxiety and Depression Scale (HADS; Snaith &
Zigmond, 1994; Portuguese norms by Pais-Ribeiro et al.,
2007), and psychopathological symptoms were assessed
through the Brief Symptom Inventory (BSI; Derogatis,
1982/1993; Portuguese norms by Canavarro, 1999).

Emotional perspective-taking task This taskwas adapted from
a previous fMRI study that assessed perspective-taking
(Derntl et al., 2009). In order to assess this ability during an
ERP experiment, we adapted the protocol used by Derntl et al.
(2009) according to experimental designs that were previously
used in studies of contextual congruency (Diéguez-Risco
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et al., 2013; Dozolme et al., 2015; Herring et al., 2011;
Hietanen & Astikainen, 2013; Righart & de Gelder, 2006;
Righart & de Gelder, 2008a, 2008b). In the present study,
contextual congruency is defined by the matching between a
target FEE and the emotion portrayed by a masked face in a
previous scenario. To judge accurately the contextual congru-
ency, participants had to evoke perspective-taking abilities:
first, they had to see the scenario and analyze it from the
other’s point of view; then they had to judge whether a FEE
displayed afterward was congruent or not with the expected
emotion of the masked person.

To this purpose, participants viewed 360 pictures
depicting scenes of two persons (Caucasians) involved
in social interactions. In each scenario, the face of one
of the actors was masked, and participants were asked to
infer her/his emotional expression (see Fig. 1 for an
example). The scenarios portrayed emotional (anger, fear,
disgust, sadness, happiness) and neutral scenes. After the
scenario, a target FEE was displayed, and participants had
to decide if it was congruent or incongruent with the in-
ferred FFE of the masked character, based on their
perspective-taking abilities. Participants were instructed
to respond only when the response slide was displayed
(to avoid preparatory response potentials to overlap with
the ERP components of interest) using two response but-
tons held in the right and left hand. Half of the sample
used the left button to respond Byes^ and the right button
to Bno,^ while the other half used the opposite response
scheme. The structure of each trial is depicted in Fig. 1.

The original set of stimuli (Derntl et al., 2009) included
ten scenarios for each emotional condition, and each one
was repeated six times. In the congruent conditions, the
FEE was randomly selected from all alternative actors
with the congruent emotion. In the incongruent condi-
tions, the FEE was randomly selected from all the incon-
gruent alternatives. This led to 30 congruent trials (in
which the target FEE was congruent with the emotion
portrayed in the scenario) and 30 incongruent trials (in
which the target FEE was incongruent with the emotion
portrayed in the scenario) for each emotional condition.
The FEEs were selected from the NimStim Face Stimulus
Set (Tottenham et al., 2009), and displayed adult
Caucasians with closed mouth and direct eye contact.
For each emotional condition, we selected the five most
accurately identified facial expressions according to the
original study (Tottenham et al., 2009), resulting in 30
female and 30 male facial stimuli.

The task was programmed and delivered in E-Prime 2.0
(2011, Psychology Software Tools, Inc., Sharpsburg, PA,
USA), and was composed of two experimental blocks of
180 trials, with a pause between them. The stimuli were pre-
sented on a 17-in. screen with 6.67° × 8.55° visual angle and a
refresh rate of 60 Hz.

Procedures

Participants were tested individually in two experimental ses-
sions to avoid fatigue effects. The first session included the
neuropsychological assessment and the second included the
electrophysiological experiment. During the first session, par-
ticipants gave the informed consent and completed a semi-
structured interview followed by the MoCA. The remaining
tests and self-report measures were administered afterward, in
a random order between participants. The AVLT was applied
in the second session to avoid the interference of other words
listed during the neuropsychological assessment in the sub-
tests of the AVLT. During the second session, participants sat
inside an EEG chamber, with ~115 cm between them and the
screen where the experimental task was displayed. After the
placement of the EEG cap, participants read the instructions
and completed six practice trials. Whenever possible, data
collection sessions were conducted in the middle of the morn-
ing or afternoon, and the participants from the three groups
were equally distributed in this schedule.

EEG recording and processing

The electroencephalographic (EEG) data were recorded
through the NetStation V4.5.2 (2008, Electrical Geodesics
Inc., Eugene, OR, USA – EGI), using a 128-electrode
Hydrocel Geodesic Sensor Net, connected to a Net Amps
300 amplifier. Impedances were kept below 50 kOhm for all
electrodes (since this is a high impedance system). The EEG
data were recorded with a sampling rate of 500 Hz, filtered
with a notch filter of 50 Hz and referenced to the Cz.

During the pre-processing, conducted in version 11 of the
EEGLAB (Delorme & Makeig, 2004), a MATLAB toolbox
(2010, The Mathworks Inc., Natick, MA, USA), the continu-
ous EEG signal was downsampled to 250 Hz and bandpass
filtered (0.2−30 Hz). The EEG signal underwent Independent
Components Analysis, and eyeblink, saccade, and heart rate
artifacts were corrected, by subtracting the respective
Independent Component activity from the data. Channels with
artifacts were interpolated (maximum of 10% of the sensors)
using the spherical spline interpolation method (Perrin,
Pernier, Bertrand, & Echallier, 1989). At this point, the EEG
signal was re-referenced to the average of all electrodes and
segmented into epochs (-200 to 800 ms) time-locked to the
onset of the target FEE. All segments were visually inspected
and epochs containing alpha activity, electrode drifts, and car-
diac, muscle, and ocular artifacts were rejected. Trials in
which participants gave incorrect responses were also exclud-
ed, resulting in a significantly different number of valid trials
between groups, F(2, 86) = 7.30, p = .001.1 All epochs were

1 As a consequence, the statistical analyses performed on the ERP results were
repeated using the number of valid trials as covariant.
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baseline-corrected (200 ms pre-stimulus) and averaged by
congruency (congruent, incongruent) and emotion (anger,
fear, disgust, sadness, happiness, neutral).

Based on previous studies and visual inspection of grand-
average waveforms and topographical maps, three time-
windows and three regions of interest (ROIs)2 were selected
for statistical analysis (Fig. 2). For the N170 component, its
higher amplitude occurs bilaterally at occipitotemporal re-
gions, specifically at P7/P8 and PO7/PO8, being more pro-
nounced at the inferior locations as P9/P10 and PO9/PO10
(Rossion & Jacques, 2008). The visual inspection of our to-
pographical maps showed a negative maximum over these
regions, leading us to select a ROI including these and a clus-
ter of surrounding electrodes, in order to increase the signal-
to-noise ratio (Musial, Baker, Gerstein, King, & Keating,
2002; Zeman, Till, Livingston, Tanaka, & Driessen, 2007).
Thus, the N170 peak amplitudes were calculated between
150 and 250 ms after FEE onset, at right (electrodes 83, 84,
89, 90 [PO8], 91, 95 [P10], 96 [P8]) and left (70, 66, 69, 65
[PO7], 64 [P9], 58 [P7], 59) ROIs. Similarly, previous studies
evidenced that the LPP reaches its largest amplitude over
centro-parietal sites such as CPz and Pz (Herring et al.,
2011). As our topographical maps are consistent with this
evidence (see below), we measured the mean LPP amplitudes
at the centro-parietal ROI (54, 55 [CPz], 61, 62 [Pz], 78, 79).
As the LPP shows a temporally broad distribution (e.g.,
Diéguez-Risco et al., 2015), we divided its corresponding
time-window into an early (LPPe; 300–500 ms after FEE on-
set) and late component (LPPl; 500–700 ms).

Statistical analysis

The results of the neuropsychological tests were compared
through independent one-way ANOVAs, using group
(younger, middle-aged, older adults) as a between-participants
factor. Perspective-taking results were obtained from the accura-
cy rates (percentage of correct responses in relation to the total
number of trials), computed by participant and condition. To
investigate the effects of emotion, congruency, and group on
perspective-taking results, we performed a mixed ANOVA, with

2 Electrode notation included in the ROIs correspond to the 128-channel
Geodesic Sensor Net (EGI). Electrodes described in brackets are their 10-10
International System Equivalents.

Fig. 2 Electrode locations in the 128-channel HydroCel Geodesic Sensor
Net (EGI) where event-related-potential components were measured

Scenario (2000ms)

Answer

Yes No

Face (1000ms)

Response 

(Until Response)

a)

b)

Fig. 1 Schematic representation of a trial of the perspective-taking task.
In this example, the scenario was a picture portraying a Bdisgust^ scene.
The scenario was followed by an interstimulus interval (displaying a B+^
in the center of the screen for 250 ms) and by a facial expression of

emotion (FEE) congruent (a) or incongruent (b) with the emotion that
was portrayed. The FEE was followed by an interstimulus interval (500
ms) and by the response slide. The next trial started after an intertrial
interval (500 ms)
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emotion (anger, fear, disgust, sadness, happiness, neutral) and
congruency (congruent, incongruent) as within-participants fac-
tors, and group (younger, middle-aged, older adults) as between-
participants factor. The same model was used for reaction times.

Regarding electrophysiological results, the N170 was ana-
lyzed in a mixed ANOVA, with hemisphere (left, right),
congruency, and emotion as within-participants factors, and
group as between-participants factor. The LPPs were analyzed
in a mixed ANOVA, with congruency and emotion as within-
participants factors, and group as between-participants factor.
Exploratory analyses using gender as an additional between-
participants factor were performed for the perspective-taking
and electrophysiological results (described in the Online
Supplementary Material).

To test whether group differences were correlated with age-
related differences in cognitive abilities, age-specific Pearson’s
correlations were computed between neurocognitive scores in
which groups differed significantly and perspective-taking and
ERP results (averaged by congruency). Significant correlations
were explored through linear regression models, conducted by
group, in which the neurocognitive scores were entered as main
predictors of perspective-taking and electrophysiological results.

The threshold for statistical significance was set at α = .05,
and the p-values reported for all analyses are from two-tailed
tests. Statistical analysis was performed using SPSS 24 (IBM
Corp., Armonk, NY, USA). Violations of sphericity were
corrected via the Greenhouse-Geisser method, and post-hoc
pairwise comparisons were corrected for multiple compari-
sons using the Sidak procedure.

Results

Neuropsychological results

The groups did not differ in Semantic and Phonemic Fluency,
anxiety, depression nor in psychopathological symptomatolo-
gy. Significant differences emerged in MoCA, IFS, Corsi
Block-Tapping Task, TMT, Learning, Delayed Recall and
Delayed Recognition subtests of the AVLT. Younger adults
outperformed older adults in all of these neuropsychological
tests, while middle-aged adults outperformed older adults in
MoCA, TMT, Corsi Block-Tapping Task, Learning and
Delayed Recall subtests of the AVLT. Descriptive statistics
and one-way ANOVA results are presented in Table 1 of the
Online Supplementary Material.

Emotional perspective-taking task

Behavioral results

For accuracy, we found a main effect of group, F(2, 86) =
27.3, p < .001, η2p = .388, revealing that older adults were

significantly less accurate than younger (p < .001) and
middle-aged adults (p < .001). Middle-aged adults were
marginally less accurate than younger adults (p = .054).
We found a main effect of emotion, F(5, 430) = 102, p <
.001, η2p = .542, ε = .980, revealing accuracy rates signifi-
cantly higher following scenarios portraying happiness (p <
.001), sadness, and neutral scenes, without significant dif-
ferences between the latter (p > .998). Scenarios portraying
anger, disgust, and fear elicited similar accuracy rates (all p
> .988). We also found a main effect of congruency, F(1, 86)
= 9.77, p = .002, η2p = .102, revealing higher accuracy rates
in congruent than in incongruent trials (p = .002). The
congruency*group interaction was non-significant, (F <
1), but we found a significant emotion*congruency interac-
tion, F(5, 430) = 18.9, p < .001, η2p = .180, along with a
significant emotion*congruency*group interaction, F(10,
430) = 2.69, p = .003, η2p = .059. Post-hoc comparisons
(represented in Fig. 3) revealed that the three groups obtain-
ed similar results in congruent condition portraying happi-
ness (all p > .534), but younger adults outperformed older
adults in the remaining congruent and incongruent condi-
tions (all p < .033). Younger and middle-aged adults had
similar performances in all congruent and incongruent con-
ditions (all p > .091), except for incongruent condition
portraying disgust (p = .011), in which younger adults had
higher accuracy rates. Middle-aged adults outperformed
older adults in all incongruent conditions (all p < .024),
except for the incongruent condition portraying disgust (p
= .074). Regarding congruent conditions, middle-aged
adults outperformed older adults in conditions portraying
disgust, neutrality, and sadness (all p < .022), having similar
performance in conditions portraying anger, fear, and hap-
piness (all p > .186). Descriptive statistics of perspective-
taking results are presented in Table 2 of the Online
Supplementary Material.

Regarding reaction times, we obtained a main effect of
group, F(2, 86) = 3.43 , p < .001, η2p = .177, revealing faster
responses for younger (p = .007) and middle-aged adults (p <
.001) than for older adults. We also found a main effect of
emotion, F(5, 430) = 3.43 , p = .020, η2p = .038, ε = .597,
revealing faster responses in scenarios portraying happiness
than in the remaining scenarios (all p < .027), with the excep-
tion of trials portraying disgust (p = .322). We found a mar-
ginal main effect of congruency, F(1, 86) = 3.23 , p = .076, η2p
= .036, but no significant interactions emerged (all F < 1).
Descriptive statistics of reaction times are presented in
Table 3 of the Online Supplementary Material.

The results of the Pearson’s correlations are presented in
Table 4 of the Online Supplementary Material. According to
the linear regression models (Table 5 of the Online
Supplementary Material), the scores of the IFS were signifi-
cant predictors of the results obtained in the congruent condi-
tions for younger adults, while the scores of the Learning

114 Cogn Affect Behav Neurosci (2019) 19:109–122



subtest of the AVLT were significant predictors of the results
obtained in the congruent conditions for older adults. The
scores of the IFS were significant predictors of the results
obtained in the incongruent conditions for older adults.

Electrophysiological results3

The statistical analysis of the N170 showed a significant
main effect of group, F(2, 86) = 13.2, p < .001, η2p =
.236, revealing N170 amplitudes that were significantly
lower for younger than for middle-aged (p = .017) and older
adults (p < .001). Middle-aged adults had N170 amplitudes
marginally lower than older adults (p = .065). We found a
main effect of hemisphere F(1, 86) = 9.67, p = .003, η2p =
.101, revealing N170 amplitudes significantly higher at the
right than at the left hemisphere. The main effect of emotion
was marginally significant, F(5, 430) = 2.00, p = .078, η2p =
.023, but the main effect of congruency was not significant
(F < 1). We found a significant emotion*congruency inter-
action, F(5, 430) = 4.54, p < .001, η2p = .050, along with a
significant emotion*congruency*hemisphere*group inter-
action, F(10, 430) = 2.19, p = .017, η2p = .048. No other
significant interactions emerged (all F < 1.79, p > .060).
Since our aim was to explore age differences in the process-
ing of FEEs congruent and incongruent with previous sce-
narios, we explored this three-way interaction through three
repeated measures ANOVAs, conducted by group (Fig. 4).
Results of younger and middle-aged adults showed
marginally significant emotion*congruency interactions,

respectively F(5, 145) = 2.66, p = .050, η2p = .084, ε =
.720 and F(5, 140) = 2.15, p = .069, η2p = .112. In older
adults this interaction was significant, F(5, 140) = 3.52, p =
.011, η2p = .112, ε = .887, revealing N170 amplitudes sig-
nificantly higher for incongruent than for congruent condi-
tions portraying fear (p = .007). Descriptive statistics of
N170 amplitudes are presented in Table 6 of the Online
Supplementary Material.

Statistical analysis of the LPPe showed a main effect of
group, F(2, 86) = 3.79, p = .027, η2p = .081, revealing that
younger adults had amplitudes significantly higher than
middle-aged adults (p = .042), but marginally higher than
older adults (p = .083). A main effect of congruency emerged,
F(1, 86) = 29.5, p < .001, η2p = .255, revealing higher ampli-
tudes for congruent than for incongruent conditions. However,
we did not find a main effect of emotion, F(5, 430) = 2.38, p =
.232, η2p = .016, ε = .947. The emotion*congruency*group
was not significant, F(10, 430) = 1.03, p = .421, η2p = .023,
but we found a significant congruency*group interaction, F(2,
86) = 5.24, p = .007, η2p = .109. Pairwise comparisons (Fig. 5)
revealed that congruent and incongruent conditions elicited
similar LPPe amplitudes for older adults (p = .313), but youn-
ger (p < .001) and middle-aged adults (p = .006) showed LPPe
amplitudes significantly higher for congruent than for incon-
gruent conditions.

Regarding the LPPl, we found a main effect of group, F(2,
86) = 3.27, p = .046, η2p = .071, revealing that younger adults
had amplitudes marginally higher than older adults (p = .072).
We did not find a main effect of emotion, F(5, 430) = 1.37,

Fig. 3 Average rates of accuracy (%) for each emotional and congruence
condition. Asterisks and letters represent significant differences (a)
between younger and older adults; (b) between middle-aged and older

adults; and (c) between younger and middle-aged adults. Error bars
indicate 95% confidence intervals
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p = .236, η2p = .016, ε = .829, but we found a significant main
effect of congruency, F(1, 86) = 33.4, p < .001, η2p = .279,
revealing higher amplitudes for congruent than for incongru-
ent conditions. The emotion*congruency*group interaction
was not significant, F(10, 430) = 1.17, p = .312, η2p = .026,
but we found a significant congruency*group interaction, F(2,
86) = 6.91, p = .002, η2p = .138. Pairwise comparisons (Fig. 5)
revealed that congruent and incongruent conditions elicited

similar LPPl amplitudes for older adults (p = .674), but youn-
ger (p < .001) and middle-aged adults (p < .001) showed LPPl
amplitudes significantly higher for congruent than for incon-
gruent conditions. The LPPs are plotted in Fig. 6, and descrip-
tive statistics are presented in Table 7 of the Online
Supplementary Material.

For younger adults, the N170 amplitudes elicited by incon-
gruent trials in the left hemisphere were positively correlated

Fig. 4 Means of the N170 amplitudes (μV) evoked by each emotional and congruence condition. Asterisks represent significant differences and error
bars indicate 95% confidence intervals. CC congruent condition, IC incongruent condition, LH left hemisphere, RH right hemisphere

Fig. 5 Means of the LPPe and LPPl amplitudes (μV) evoked by
congruent and incongruent conditions. Asterisks represent significant
differences and error bars indicate 95% confidence intervals. Note:

Since we did not find a main effect of emotion, all emotional
conditions were averaged by congruency
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with the scores of the Delayed Recognition subtest of the
AVLT (Table 8 of the Online Supplementary Material). The
LPPe amplitudes elicited by congruent trials were positively
correlated with the scores of the Learning subtest of the AVLT
for younger adults, while the LPPe amplitudes elicited by
incongruent trials were negatively correlated with the scores
of the TMT for older adults. The LPPl amplitudes elicited by
both congruent and incongruent trials were positively corre-
lated with the scores of the Learning subtest of the AVLT for
middle-aged adults, and negatively correlated with the scores
of the Delayed Recognition subtest of the AVLT for older
adults.

Discussion

Aging seems to affect ToM, but its effect on emotional
perspective-taking is less well studied. Few studies have fo-
cused on the neural mechanisms underlying emotional per-
spective-taking, and the rare ones that investigated this ability
with ERP methodology did not include older adults.
Considering this gap, we adapted a perspective-taking task
previously used in an fMRI study in order to build a
context-target congruency task that could elicit two ERPs that
were shown to be modulated by the affective and evaluative
congruency: the N170 and LPP. Our aim was to examine how
perspective-taking abilities – assessed in the present study as
the accuracy in inferring the emotion of a masked actor of a
given scenario, and decide its congruency with a target facial
expression of emotion – could modulate the neural responses
to congruent and incongruent context-target trials, in different
age groups.

Considering previous results found in ToM, we formulated
two main predictions. We expected poorer performance of
older adults in comparison to middle-aged and younger adults
(Henry et al., 2013), independent of neurocognitive perfor-
mance (Moran, 2013). We also predicted the influence of
perspective-taking on earlier and later stages of affective pro-
cessing, indexed by a modulation in the N170 and LPP com-
ponents. The N170 should be enhanced in congruent trials
(Hietanen & Astikainen, 2013; Righart & de Gelder, 2006,
2008a, 2008b), while the LPP should be enhanced in incon-
gruent trials (Diéguez-Risco et al., 2013; Dozolme, Brunet-
Gouet, Passerieux, & Amorim, 2015; Herring et al., 2011). As
we expected a decreased perspective-taking in the older
group, we predicted an absence of these ERP modulations in
this group.

The behavioral results were according to our hypothesis.
Younger adults outperformed older adults in all conditions,
except in congruent trials portraying happiness, in which
groups had similar performances. This finding may be ex-
plained by the aging positivity effect (Mather & Carstensen,
2005), which postulates that older adults allocate more

attention and memorize positive better than negative emotion-
al stimuli (Nashiro, Sakaki, & Mather, 2012). Our results did
not completely support this effect, since older adults had a
similar instead of greater accuracy in trials portraying happi-
ness. However, the positivity effect may be manifested by a
preserved ability to infer happiness during aging, contrary to
what happens in neutral and negative emotions. The worse
performance of older adults in the remaining conditions is in
accordance with previous findings. For instance, two meta-
analyses showed that an age-related decline in emotional rec-
ognition is the predominant pattern across all emotions, with
increased difficulties for anger, fear, and sadness (Gonçalves
et al., 2018a; Ruffman, Henry, Livingstone, & Phillips, 2008).
Middle-aged adults also outperformed older adults, but in
fewer conditions than younger adults did.

Interestingly, the results obtained in the congruent trials
were significantly predicted by better executive functioning
for younger adults, being predicted by better working memory
for older adults. The results obtained in incongruent trials
were also predicted by better executive function, but only
for older adults. This was an unexpected finding if we consid-
er results obtained in ToM tasks. According to a comprehen-
sive review (Moran, 2013), older adults’ performance in ToM
tasks using visual stimuli are relatively independent of cogni-
tive abilities, while tasks using verbal stories are more depen-
dent on neurocognition. However, the complexity of our task
may account for the increased impact of cognitive abilities on
perspective-taking performance. Visual stimuli used previous-
ly in ToM tasks usually did not require the interpretation of
stories (e.g., see the Breading the mind in the eyes^ task by
Baron-Cohen, Jolliffe, Mortimore, & Robertson, 1997).
Contrarily, tasks using verbal stimuli (e.g., see Bstrange
stories^ by Happé, 1994), may be more demanding on cogni-
tive abilities, since they comprise situations where people say
things that are not literally interpretable. In these stories, to
understand the speaker’s intention, participants may have to
sidestep the literal meaning of the sentence and infer the
speaker’s mental state. Similarly, in our task, participants
may have had to forfeit their own perspective for an accurate
response, which may explain the role of executive functioning
in behavioral performance. Moreover, an accurate answer was
also dependent on the ability to maintain in working memory
the emotion inferred during the visualization of the scenario,
which was then compared with the emotion displayed by the
target FEE. Thus, as the performance was predicted by better
results in executive functions, our results suggest that the in-
volvement of cognitive abilities in empathic tasks may be
dependent on the complexity of the task, particularly on the
demands of inhibitory control.

Regarding electrophysiological results, we found sig-
nificantly more negative N170 amplitudes at the right
hemisphere, which is a systematic finding (e.g., Rossion
& Jacques, 2008). Interestingly, N170 amplitudes of older
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adults were significantly higher than those of younger
adults and marginally higher than those of middle-aged
adults. This is consistent with the results of a previous
study conducted by our group, in which we examined
age-related differences in emotion identification abilities
(Gonçalves et al., 2018b). In this study, such results occur
simultaneously with an equivalent performance in emo-
tion identification, which is consistent with the compen-
sation hypothesis (Cabeza, 2002; Reuter-Lorenz &
Cappell, 2008). According to this hypothesis, additional
neural activity serves a beneficial, compensatory function
during aging, without which performance decline would
occur. Taken together, these findings suggest that older
adults may have a preserved ability to encode facial struc-
ture and emotion, supported by increased neural resources
employed during this function.

The main effect of emotion was marginally significant,
which can be explained by a lack of instructions to identify
the emotion displayed by the target FEE. A previous study
only found a N170modulated by emotion in a task demanding
emotional discrimination, in comparison with a task demand-
ing sex discrimination (Wronka & Walentowska, 2011). This
component was not modulated by the congruency between the
emotional contexts and the target’s FEE, which was unexpect-
ed considering that previous studies that used pictures as con-
texts found a systematically higher N170 in congruent trials
(Hietanen & Astikainen, 2013; Righart & de Gelder, 2006,

2008a, 2008b). Nonetheless, this modulation is less consistent
in tasks using sentences as contexts. Two previous studies did
not find a congruency modulation in N170 (Diéguez-Risco
et al., 2013; Dozolme et al., 2015), while one study showed
a higher N170 in incongruent trials (Diéguez-Risco et al.,
2015). Once again, it is possible that our results are closer to
those obtained with verbal stimuli; an equivalent demand in
interpretation would result only in the modulation of later ERP
components.

Taking previous findings into account, the results
concerning the emotion by congruency interaction are difficult
to interpret. Righart and de Gelder (2006, 2008a, 2008b)
found larger N170 amplitudes after fearful faces congruent
with fearful scenarios, and Hietanen and Astikainen (2013)
reported equivalent results in sad and happy conditions.
However, Diéguez-Risco et al. (2015) found larger N170s
for anger and happiness incongruent conditions, and we found
similar results, but only for older adults and in the fear condi-
tion. These discrepant results may arise from differences in the
task demands. While previous studies required the emotional
identification displayed by the target FEE, here (as in our
study) study participants had to judge the congruency between
the target FEE and the preceding context. Thus, an enhanced
N170 after incongruent trials could reflect the influence of
deliberative processes that would involve the interaction of
face-processing systems with previous knowledge about the
emotional reactions that are expected in different situations.

(a)

(b)

Fig. 6 (a) Grand-average of LPPe (300−500ms) and LPPl (500−700 ms)
for younger, middle-aged, and older adults obtained in the centro-parietal
region of interest. (b) Topographical maps for event-related potentials

elicited by congruent and incongruent conditions at 300−500 ms
(above) and 500−700 ms (below). Note: Since we did not find a main
effect of emotion, all emotional conditions were averaged by congruency
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According to this interpretation, perceptual processing would
be increased for stimuli involving a violation of expectations,
since their emotional meaning is inconsistent with the context
(Diéguez-Risco et al., 2015). This interpretation sounds plau-
sible, but does not fully explain why this result was found only
for older adults and in such a specific emotional category.
Such a discrepancy highlights that further work is needed to
clarify the influence of different contextual stimuli in N170
modulation.

The results obtained in the LPPs were consistent be-
tween the early and late time-windows, showing higher
amplitudes in congruent than in incongruent trials. The
direction of this effect is unexpected, since previous stud-
ies using context-target congruency tasks found larger
LPPs after incongruent FEE, in conditions involving both
implicit (Diéguez-Risco et al., 2013; Morioka et al., 2016)
and explicit processing of congruency (Diéguez-Risco
et al., 2015). Higher LPP amplitudes elicited by incongru-
ent trials are systematically reported in the priming liter-
ature, namely in tasks requiring an evaluative congruity
between primes and facial (Herring et al., 2011; Werheid,
Alpay, Jentzsch, & Sommer, 2005) or verbal targets
(Zhang, Li, Gold, & Jiang, 2010). This effect is
interpreted as a spreading activation of affective priming
(Hietanen & Astikainen, 2013), in which an affective con-
text activates the associated affective evaluation, facilitat-
ing the processing of affectively congruent stimuli
(Hietanen & Astikainen, 2013). For instance, in evalua-
t ive pr iming paradigms, a pr ime word such as
Bchampion^ activates pleasant concepts in memory, which
produce a quicker response to target-congruent words
(e.g., Bsaint^) compared to the target-incongruent words
(e.g., Bkiller^). In such tasks, incongruent targets would
evoke larger LPPs, reflecting a more demanding retrieval
required to evaluate congruency.

As we found an opposite pattern of activation, it is possible
that our task could have evoked other neural processes than
the ones underlying the priming effects reported by previous
studies (Diéguez-Risco et al., 2013, 2015; Morioka et al.,
2016). For instance, Diéguez-Risco et al. (2013, 2015) used
happy- or anger-inducing sentences that might haveworked as
primes during the processing of FEE. Similarly, in Morioka
and colleagues’ study (2016), stimuli were sentences describ-
ing moderately affective events relevant to participants. On
the contrary, we instructed participants to attend the scenes,
infer the mental state of the masked interveners, and decide if
the FEE displayed after the scene matched the one previously
inferred. As the LPP is also modulated by the explicit recog-
nition of stimuli, being larger to recognized stimuli in com-
parison to new (Danker et al., 2008; Münte, Urbach, Duzel &
Kutas, 2000), the increased amplitudes to congruent stimuli
may reflect the recognition of the masked person’s emotion in
those displayed by the target FEE. In fact, this recruitment of

memory resources to perform the perspective-taking task ex-
plains the unexpected influence of executive functioning in
the behavioral results.

According to our hypothesis, older adults did not show
the LPP modulation found in younger and middle-aged
adults. That is, while younger and middle-aged adults
showed higher LPP amplitudes after FEEs congruent with
previous scenarios than after incongruent FEEs, older
adults had similar amplitudes after both. It is worth noting
that this insensitivity of older adults’ LPP to the congru-
ency of the trials is not explained by an age-related de-
cline in face encoding, bearing in mind the results obtain-
ed with the N170 amplitudes (Gonçalves et al., 2018b).
Moreover, this was observed independent of the accuracy,
since only correct trials were considered on the analysis of
the ERPs. Thereby, this result may be interpreted as a
difficulty of older adults in inferring accurate emotional
states during the visualization of the scenarios. Thus,
while younger and middle-aged adults are able to infer
the appropriate actor’s emotional state during the obser-
vation of the scenario, which they maintain in working
memory and then compare with the emotion displayed
in the target FEE, older adults only reach the correct re-
sponse after observing the target FEE, which may act as a
clue. This may underlie older adults’ difficulties in using
the facial expression of others to understand their inner
states and take their emotional perspective, as well as to
understand the relation between their mental states and the
ongoing social events.

Considering that previous studies suggest there are differ-
ences in empathy between males and females (e.g., Christov-
Moore et al., 2014), we preformed an exploratory analysis
comparing behavioral and electrophysiological results of
males and females. Despite the fact that we did not find gender
differences (SupplementaryMaterial), a recent review showed
quantitative gender differences in the basic networks involved
in affective and cognitive forms of empathy, as well as qual-
itative differences in how emotional information is integrated
to support decision-making processes (Christov-Moore et al.,
2014). Thereby, our contrasting results unveil the need for
further research in this field, and using designs with greater
statistical power and considering convergent tasks may im-
prove and help to uncover the nature of gender differences
in empathy.

Our results bring important contributions to the state of the
art in the research field of aging and perspective-taking. Aging
is typically associated with impairments in ToM, which can
lead to difficulties in social functioning (Moran, 2013). As
emotional perspective-taking is an indispensable element in
the fully developed ToM (Decety & Jackson, 2004), research
on this ability may help to better understand older adults’
difficulties during social interactions. Moreover, study of the
modulation of ERPs by perspective-taking may unveil the
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time course of the processing of the information regarding
contexts and the eliciting emotions, as well as the stage of this
processing in which older adults’ difficulties emerged.

Interestingly, middle-aged adults appear to be at an inter-
mediate level between younger and older adults, at least be-
haviorally. They had better results than older adults, but in
fewer conditions than younger adults did. The lack of previous
studies with a similar group design makes these results more
difficult to interpret. The existing literature typically compares
younger and older adults, but introducing middle-aged adults
allows better analysis of the development of perspective-
taking abilities across adulthood.
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