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ABSTRACT This study presents brain electrophysiological characteristics of perspective-taking for blind
individuals ver. sighted ones, aiming to extend our knowledge on social concept formation with visual
sensory modality loss. A blind and a sighted group instructed to consider the moral dilemmas therein from a
neutral (observer), a morally positive or a negative stance, after the auditory presentation of Aesop’s fables.
We recorded the basic emotions evoked by every stance in each fable, and the late positive potentials (LPP)
component of Event-Related Potential detected with Continuous Wavelet Transform, believed to reflect the
sustained attention and stimuli encoding processes. Blind participants demonstrated: i) significantly attenuated LPP amplitudes at distributed brain areas, particularly at leads T3, P4, O2, T6, Cz, Pz, CPz and CP4
(p values 0.026-0.003), ii) prolonged LPP latencies at parietal areas, at leads CP4 (p=0.009), Pz (p=0.019),
and P4 (p=0.023), iii) shorter latencies at the frontal area (lead FPz, p=0.026) and iv) significantly shorter
latencies at the right posterior centrotemporal area under the negative than the positive condition (lead
C4, p=0.009). Both groups exhibited higher LPP amplitudes under the morally positive, and lower under
the negative condition located at the parietal areas (P3, p=0.001 and CPz, p=0.013). The relationships
between behavior and LPP activation conform to the proposed generation and modulation of LPP. Our
findings suggest that the visually deprived cortex may become more responsive to processes associated with
perspective-taking, possibly through compensatory plasticity enabling cross-modal reorganization. Thus,
the study introduces a novel model for accessing the sustained attention and stimulus-encoding processes
underlying perspective-taking.
INDEX TERMS Event-related potentials, blindness, late positive potentials, continuous wavelet transform,
perspective-taking.
I. INTRODUCTION

Loss of visual input leads to significant morphological and
functional differentiation of the visual pathway structures
The associate editor coordinating the review of this manuscript and
approving it for publication was Abdel-Hamid Soliman
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in the brain of blind individuals compared to sighted ones.
A growing body of evidence indicates that the visually
deprived occipital cortex, far from remaining idle, facilitates
a variety of non-visual perceptual and cognitive tasks. These
tasks include lexical and phonological processing, selective attention, verbal memory, repetition priming, spatial,
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object, and auditory discrimination, working memory, memory retrieval, and spatial navigation [1]–[5]. In this framework, recent research has also provided evidence indicating
that the neural system of the congenitally blind exhibits plastic reorganization, contributing significantly to social cognition and perception of the emotions of others [6]. A process
associated with social cognition is that of perspective-taking.
To the authors’ knowledge, there is no published research
of perspective-taking in either congenital or early-onset
blindness.
Perspective-taking, i.e., the ability to assume the perspective of another individual, is considered as a basic process that
supports human social interaction [7]–[9].
Perspective-taking is a top-down controlled process, essential for empathy, as one has to adopt another persons’ psychological viewpoint in order to understand the others’ emotional
state [10]. It is then reasonable to expect that this process participates decisively in social communication and interaction
mediating the acquisition and development of appropriate
social behaviors such as helping and cooperation [11].
Furthermore, an association has been suggested between
perspective-taking and Aesop’s fables. We consider that a
story schema allows a participant to identify, organize, and
understand information regarding a character’s mental state.
This process provides useful information for evaluating the
character’s mental state and intentions. Also it leads to the
comprehension of the development of events and judgment
formation about them [12].
To measure the electrical activity of the brain related to various mental states, we used electroencephalogram (EEG) and
recorded so-called Event-Related Potentials (ERP), i.e., large
mean extracellular field potentials characterized by state and
brain-region specificity. ERPs are a promising approach to
the study of brain activity during information processing due
to their high-resolution properties, as well as the fact that
several evoked waveforms already had a firmly established
interpretation, developed over many years of research.
In particular, the Late Positive Component (LPC),
also mentioned as Late Positive Potential (LPP), is a
positive-going ERP component that is an instantiation of the
domain-general P300 component. [13]–[15]. Investigations
consider that LPP reflects the syntactic [16] and semantic
information processing [17], [18]. The LPP waveform, as a
family of (late) positivities, reflects the effort involved in
the updating of mental representation of what is communicated. This mental representation requires little effort if the
existing representation integrates the incoming information,
while it is effortful when there is a reorganization need for
the existing representation. According to this view, the LPP
amplitude is sensitive to semantic processing demonstrating
enhancement in effortful conditions [19], reflecting sustained
attention and stimulus encoding processes [20] in the field
of empathy and enhanced attention to emotionally relevant
stimuli [21]–[23]. Moreover, the LPP latency is a function
of the onset and duration in the parsing processes [24], [25],
i.e., it is under voluntary cognitive control [26], reflecting
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a reciprocal codependency between the activity in the prefrontal and occipitoparietal cortex [20].
Given these considerations, the present study used Aesop’s
fables to generate perspective-taking processing by instructing participants to consider each fable from three standpoints:
those of the narrator, of the victim, and the offender. While
blind individuals or sighted controls were processing this
material under these three stances, their brain activation patterns were examined using the recorded LPP-profiles.
We hypothesized that perspective-taking calculation generated from Aesop’s fables under conditions adjusted to engage
Working Memory (WM) would yield an LPP component the
dynamics of which could distinguish congenitally or early
blind participants from sighted controls. Furthermore, we
expected that perspective selection under the aforementioned
experimental conditions would yield an LPP component,
which discriminates between trials promoting the negative
(‘offender’) vs. the positive (‘victim’) vs the self-referential
perspective of the ‘observer.’
II. METHODS AND MATERIALS

The Ethical committee of University Mental Health, Neurosciences and Precision Medicine Research Institute ‘‘Costas
Stefanis,’’ (UMHRI), Athens, Greece, approved the protocol
of this study.
A. PARTICIPANTS

The experimental group consisted of 18 (11 male, 7 female)
congenitally (n=8) or early blind (n=10) individuals, with
a mean age of 32.66±9. The mean length of education was
15.55±2.30 years. The control group included 17 sighted
individuals (7 male, 10 female) with a mean age of 27.82 ±
5.02 years and mean length of education 16.58 ± 1.41 years.
T-tests on age and length of education of the two groups
showed no significant differences (age: t=1.93, p=0.062,
education: t=1.58, p=0.12). Sighted participants had normal
or corrected-to-normal visual acuity and reported no history
of visual dysfunction. Inclusion criteria for all participants
were the absence of medical, neurological, or psychological
problems and the absence of pharmacological treatment. All
participants were right-handed.
B. INSTRUMENTS
1) BEHAVIORAL INSTRUMENTS
a: AUDITORY STIMULI

Based on the Complete Fables of Aesop [27], we selected
15 of them for the creation of the auditory stimuli. These
were translated to Modern Greek language and adapted to
comparable text lengths. Their English back-translation from
the Greek is given in the Appendix. The selected fables typically involve two main characters, one representing a negative
(‘offender’) and the other a positive (‘victim’) perspective or
moral stance. A third possible stance is the self-referential
perspective of the ‘observer.’
VOLUME 8, 2020
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FIGURE 1. Flow diagram of recordings in each trial of the Aesop’s fables procedure (BL: pre-trigger EEG baseline).

Auditory versions of the fables were created by a textto-speech application, to ensure the neutrality of intonation.
The narration times varied between 14 and 47 sec. After
each fable narration, we have added a brief mute period
(500 msec; see Procedures). Subsequent, we have added
the presentation of a conditional statement (2.5 - 3.0 sec)
instructing the participant to adopt one of the three possible
moral stances: ‘‘If I took X’s position (‘offender’ or ‘victim’
or ‘observer’. . .). Afterwards, we added another mute period
(500 msec), concluded by an auditory warning stimulus (trigger: 100 msec, tone description). After 3700 msec, we have
repeated the 100 msec warning stimulus,and the fable presentation was concluded by a final auditory prompt guiding
the participant to evaluate his / her emotional response under
the given stance: ‘‘I would feel. . . ’’ (approximately 1.5 sec;
see Table 1). We have used this sequence of the auditory
components of the stimuli to engage working memory (WM)
operation to allow the final response, i.e., the self-evaluation
of the participant’s emotional state [28].
In order to cover the three possible moral stances, each
fable was presented three times, to a total of 45 presentations or trials. The three presentations were differentiated only by the ‘If’’ statement. The 45-item presentation
sequence was pseudorandom concerning fable order and
stance required in each of the three encounters of the fable,
to avoid either consecutive exposures to a given fable or a
fixed order of stance-taking. We used a fable example to
explain to each participant the stance adoption requirement.
To ensure the above comprehension, we provided two training presentations of fables before the onset of the testing
(see Procedures).

2) ELECTROPHYSIOLOGICAL INSTRUMENTS

Electroencephalic (EEG) activity was recorded from 30 scalp
electrodes based on the international 10-20 system of
electroencephalography [30], referred to both earlobes.
We recorded the electrophysiological signals using As/AgCl
electrodes. Electrode resistance was constantly kept below
5 k. We set the bandwidth of the amplifiers at 0.05-35Hz.
We digitized the evoked biopotential signal with a sampling
rate of 1 kHz.
C. PROCEDURES
1) BEHAVIORAL PROCEDURE

Table 1 and Figure 1 present the timeline of the behavioral and
electrophysiological procedure. On the test day, a researcher
provided verbal instructions to each participant and the procedure i.e., fable narration, the stance adoption requirement, and
the response requirement. Specifically, he/she was informed
that, at the end of each auditory presentation of a fable and
after a brief pause, there would be a direction as to which
stance he/she was to adopt. The participant would then have
to assess his/her emotional state by choosing one of the nine
response alternatives on the appropriate page of the response
folder available and verbalize the chosen answer.
TABLE 1. Temporal sequence of the experimental procedure.

b: RESPONSE MATERIALS

We prepared folders, each holding 45 separate pages corresponding to every one of the 45 fable encounters, ordered
in the predetermined pseudorandom presentation plan. Pages
were printed either conventionally for the sighted or in
braille for the blind participants. Each page provided eight
choices of emotional state (anger, disgust, sadness, surprise, joy, trust, anticipation, fear: A study [29] presented
in a random order varying across pages, with a 9th choice
of ‘‘none of the above’’ concluding the response choice
sequence. The process of listening to a fable and making the required response to it had an average duration of
approximately one min., resulting in a total session length of
about 45 min.
VOLUME 8, 2020

Both sighted, and blind participants were instructed to keep
their eyes gently closed during narration in order to equalize
the sighted and blind conditions and minimize eye movements and blinking. Blind and sighted participants alike were
76659

C. C. Papageorgiou et al.: Perspective-Taking in Blindness: Event-Related Brain Potentials Study

instructed to open their eyes only when they were required to
respond to the narration.
After instruction, the participant was fitted with a cap
of 30 scalp electrodes, stereo headphones, electro-oculogram
(EOG) leads, and was comfortably seated in a Faraday chamber (2.5 x 2.5 m), with the response folder on a table before
him/her. The researcher ensured by touch that no inordinate
muscle tension was present on closed lids. Consequently,
the researcher was seated outside the Faraday cage, near
(1m) the participant, in front of the computer controlling the
experimental procedure.
Verbal communication was possible through an intercom.
The instruction was concluded by two trial runs of fable
presentation and response, to ensure the participant clearly
understood the procedure. Afterward, the 45-presentation
series initialized. As mentioned above, the order of
fable/stance presentation was computer-controlled according
to a pseudorandom sequence. The researcher interfered with
the process only by initializing each trial (fable narration)
after recording the participant’s verbal response to the previous one. As an example, the auditory presentation of the
fable of the sick lion (see Appendix), in Presentation 1 of
3 would be followed by the direction ‘‘If I took the lion’s
position I would feel. . . ’’: Choice from the response folder
would follow and be recorded, then the researcher would
instruct the participant to change page and close eyes so that
the next trial could be initialized.
2) ELECTROPHYSIOLOGICAL PROCEDURE

In the course of the behavioral procedure, 200 msec after
the presentation of the conditional clause (‘‘If I took the
place of . . . ) an EEG baseline was recorded for 200 msec.
An auditory ‘trigger’ stimulus (100 msec) followed. Then
ERPs were recorded for 3700 msec. Eye movements were
also recorded using electrooculogram (EOGs). Recordings
with EOGs higher than 75µV were rejected. In order to minimize other sources of artifacts, such as muscle contractions,
participants had been instructed to remain relaxed as much
as possible during the procedure. The total length of electrophysiological recording, including the pre-trigger baseline,
trigger presentation, and ERP recording, was 4000 msec.
D. METHODOLOGY FOR ERP DETECTION WITH
CONTINUOUS WAVELET TRANSFORM

We analyzed the experimental data by applying a
wavelet-based algorithm using EEGLAB 13.5.4b [31],
an open-source toolbox for MATLAB (Mathworks, Inc.,
Natick, MA, USA). This procedure enabled an accurate ERP
detection in time, based on the continuous wavelet transform
(CWT), which permits the accurate decomposition of EEG
waveforms into a set of component waveforms allowing
the isolation of all scales of waveform structure [32]–[35].
The CWT has a good time and frequency localization,
which is ideal for ERP detection [36], [37]. This transform, denoted by Wx (f , t), decomposes a signal time series,
x(t), into a set of basic functions Cτ,s (t), called wavelets.
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Wavelets grow and decay in a bounded time period. Their
energy is time concentrated, thus can be used as a perfect tool
for the analysis of transient, non-stationary, or time-varying
signals. According to this method, we choose first a mother
wavelet to be convolved with the desired signal. In general,
any number of waveforms can be considered a wavelet. Nevertheless, for biological signals, such as EEG, the waveforms
contained in the wavelet must provide a biologically plausible
fit to the signal being modeled. This fact showcases the
importance of an appropriate choice of a mother wavelet in
order to achieve accurate modeling. In our case, we chose
the complex Morlet mother wavelet 9(t) for the convolution
step, which has been used with significant success in this process [38]. This convolution leads to a new signal Wx9 (b, a),
where α is the scaling parameter of the wavelet, and b stands
for the translation parameter. The confidence of this signal
indicates the correlation between the EEG signal and the
wavelet function. We note that the basic aim of the present
study is to concentrate on the time domain analysis and the
accurate localization of ERPs as enabled by the application
of CWT.
In our study, we have implemented ERP detection with
CWT by applying the following steps:
1. We first calculate the evoked potential via conventional
averaging in each participant.
2. We choose a starting and ending value of scaling (α) or
the complex Morlet wavelet to be convolved with the
ERPs, and we set to 1 the initial value for the translation
step (b).
3. We compute the correlation for the current value of
scaling and for every translation, covering the whole
signal.
4. We change the scaling according to an appropriate step,
until we reach its maximum value.
5. We extract the wavelet coefficients obtained by analyzing and reconstructing the evoked potential.
The scalograms in Figure 2 presents an example of the applied
CWT; each coefficient represents a degree of correlation
between the original signal and the complex Morlet wavelet.
Based on these coefficients, an appropriately scaled wavelet
was selected to match the LPP component. In order to avoid
a potentially false ERP detection, the derived wavelet is
convolved with the EEG signals, only in the corresponding part of the EEG signal where the LPP component
could be located (500-800 msec after the trigger onset).
We extracted the ERP peak values, and the corresponding
latencies for each participant, condition, and EEG channel.
Figure 3 displays the grand average ERP waveforms obtained
at lead T3 for the two compared groups for the Positive
condition.
E. STATISTICAL ANALYSIS

The normality of distributions for each group of variables
(amplitudes and latencies) dictated the applied statistical
analysis. The Kolmogorov Smirnov test showed that both the
amplitudes and latencies follow a normal distribution.
VOLUME 8, 2020
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FIGURE 2. Mean valued ERP signal at lead T3 for the positive condition of the blind group.

the use of multivariate tests for the examination of overall
group differences.
We applied one-way analysis of variance in order to estimate the group differences (i.e. blind vs controls) in behavioral performance and psychometric measures. Additionally,
we used the Pearson correlation coefficients to assess the
relationship between Plutchik’s emotional dimensions and
the various ERP measurements. Results were considered significant at the 0.05 level.
III. RESULTS
A. ELECTROPHYSIOLOGICAL PERFORMANCE

FIGURE 3. Grand ERP waveform in microvolts, for the Positive condition
obtained for the control and blind groups at lead T3.

Normality was also examined by Box’s M test, which
established multivariate normal distribution and ascertained
the equality of the covariance matrices. This finding allows
VOLUME 8, 2020

Table 2 presents the comparison of LPP amplitudes in blind
and control participants after repeated measures ANOVA,
Group Effect. The analysis indicates that blind participants
exhibited significantly attenuated amplitudes of the LPP component compared to controls at leads T3, P4, O2, T6, CZ, PZ,
CPz, and CP4.
Table 3 presents the comparison of LPP amplitudes across
moral stance conditions after repeated measures ANOVA
(Condition Effect). The factor of Condition (neutral vs. positive vs. negative moral stance) produced statistically significant differences in two placements (leads P3 and CPz),
with the Negative condition showing lower values than
the Neutral and Positive ones. The difference was most
pronounced on electrode P3, where the highest values of
the positive condition and the lowest of the negative ones
were noted. At the CPZ lead, there was also a statistically significant Condition effect with the Negative condition
76661
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TABLE 2. Comparison of LPP amplitudes in blind and control participants.

TABLE 3. Comparison of LPP amplitudes across moral stance conditions.

TABLE 4. Comparison of LPP latencies in blind and control participants.

TABLE 5. Comparison of LPP latencies across moral stance conditions.

showing lower values than both the Neutral and Positive
conditions.
Table 4 presents the comparison of LPP Latencies in blind
and control participants (Repeated measures ANOVA, group
effect). Blind participants demonstrated prolonged LPP latencies at leads P4, PZ and CP4 compared to Controls, with
significantly shorter than control latencies at the FPz lead.
Table 5 presents the comparison of LPP latencies across
moral stance conditions (Repeated measures ANOVA, Condition Effect). At leads O1 and P4, prolonged LPP latencies
were noted in the Neutral and Positive conditions compared
to the Negative one.
76662

Table 6 presents the comparison of LPP latencies in blind
and control participants across conditions (Repeated measures ANOVA, Group x Condition interaction effect). A single statistically significant interaction effect was noted, at the
C4 electrode: blind participants were faster in the Negative
condition compared to healthy controls. This finding was
reversed in the Positive condition.
B. BEHAVIORAL PERFORMANCE

The behavioral responses of the blind and sighted groups
did not reveal major differentiations, with two exceptions. Specifically, during the positive condition of the
VOLUME 8, 2020
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TABLE 6. Comparison of LPP latencies in blind and control participants across conditions.

TABLE 7. Behavioural comparison between the two groups (regarding
the basic emotion of sadness).

TABLE 8. Behavioral comparison between the two groups (regarding the
basic emotion joy).

perspective-taking, the controls exhibited statistically significant expression of the emotion of sadness as compared to
blind participants (F=4.16, p=0.049), see Table 7. In contrast, during the self-referential condition, the blind participants expressed the emotion of Joy significantly more often
than the controls (F=5.30, p=0.027), see Table 7.

at P4 (r= -0.580, p=0.024) and CP4 (r= -0.681, p=0.002)
leads.

1) RELATIONSHIPS BETWEEN AMPLITUDES OF LPP AND
THE BASIC EMOTION ACCORDING TO PLUTCHIK’S
THEORY IN THE BLIND GROUP

During the positive condition of the perspective-taking:
(i) Positive relationships: with sadness localized at centroparietal areas, in particular in CPz (r=0.531, p=0.023) and
Pz leads (r=0.489, p=0.039), with fear localized at anterior
temporal area T3 lead (r=0.560, p=0.014), with trust localized at occipital area Oz lead (r=0.655, p=0.003), with the
choice ‘‘none of the above’’ localized at central area Cz lead
(r=0.569 and p=0.014).
(ii) Negative relationship: with disgust at posterior temporal area T6 lead (r= -0,523, p=0,026).
During the self-referential condition of the
perspective- taking:
(i) Positive relationships: with sadness localized at
occipito-parietal areas, O2 (r=0.473, p=0.047) and P4
(r=0.536, p=0.022) leads, with anticipation localized at centroparietal areas, specifically at CPz (r=0.487, p=0.040),
Cz (r=0.727, p=0,001), and P4 (r=0.495, p=0,037) leads.
(ii) Negative relationships: with surprise localized at anterior temporal area at T3 lead (r=-0.656, p=0,003) and parietal area at lead P4 (r=-0.492, p=0.038).
During the negative condition of the perspective-taking:
(i) Positive relationships: with trust localized at occipital
area at Oz lead (r=0.581, p=0.011).
(ii) Negative relationships: with trust localized at parietal
areas, Pz lead (r= -0.555, p=0.017), with the choice ‘none
of the above’ localized at centroparietal areas, in particular,
VOLUME 8, 2020

2) RELATIONSHIPS BETWEEN THE AMPLITUDES OF THE LPP
AND THE BASIC EMOTIONS OF THE PLUTCHICK’S
THEORY IN THE CONTROL GROUP

During the positive condition of the perspective-taking:
(i) Positive associations: with the joy localized at occipital
area lead O2 (r=0.585, p=0.014), with the anticipation localized at parietal area P4 lead (r=0.646, p= 0.005).
(ii) Negative associations: with the choice ‘none of the
above’ localized at occipital area O2 lead (r= -0.519,
p=0.033).
During the self-referential condition of the
perspective- taking:
(i) Positive associations: with the disgust localized at anterior temporal area T3 lead (r=0.486, p=0.048), with the
trust localized at parietal area P4 (r=0.635 p=0.006) and Pz
(r=0.51, p=0.036) leads.
During the negative condition of the perspective-taking:
(i) Positive associations: with the sadness localized at
the parietal areas P3 (r=0.561, p=0.019) and Pz (r=0.681,
p=0.003) leads.
(ii) Negative associations: with the surprise localized at
anterior temporal area T3 lead (r= -0.656. p=0.003).
3) RELATIONSHIPS BETWEEN THE LATENCIES OF THE LPP
AND THE BASIC EMOTIONS ACCORDING TO PLUTCHIK’S
THEORY IN THE BLIND GROUP

There were not noticed any association in the positive condition of perspective-taking.
During the self-referential condition of the perspectivetaking: (i) Positive associations: with the joy localized at
parietal area Pz lead (r=0.505, p=0.032), with the sadness localized at parietal area Pz lead (r=0.515, p=0.029),
with the anger localized at occipital area O1 lead (r=0.474,
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p=0.046), with the disgust localized at central area C4 lead
(r=0.543, p=0.020), with the choice ‘none of the above’
localized at the occipital area O1 lead (r=0.533, p=0.023).
4) RELATIONSHIPS BETWEEN THE LATENCIES OF LPP AND
BASIC EMOTIONS ACCORDING TO PLUTCHIK’S
THEORY IN THE CONTROL GROUP

During the positive condition of the perspective-taking:
(i) Positive relationships: with the surprise localized
at occipito-parietal areas O1 (r=0.550, p=0.029) and Pz
(r=0.564, p= 0.018) leads.
During the self-referential condition of the
perspective-taking
(i) Positive association: with the fear localized at parietal
area Pz lead (r=0.493, p=0.044).
(ii) Negative association: with the joy localized at the
orbitofrontal area FPz lead (r= -0.507, p= 0.087), with the
trust localized at the orbitofrontal area FPz lead (r= -0.528,
p=0.029).
During the negative condition of the perspective-taking:
(i) Positive associations: with the anger localized at parietal
area P4 lead (r= 0.565, p=0.018).
(ii) Negative associations: with the choice none of the
above localized at the parietal area Pz lead (r= -0.509,
p=0.037).
IV. DISCUSSION
A. ELECTROPHYSIOLOGICAL PERFORMANCE

Blind participants exhibited significantly attenuated LPP
amplitudes compared to controls at leads T3, P4, O2, T6,
CZ, PZ, CPZ, and CP4. They also demonstrated prolonged
LPP latencies at the P4, PZ, CP4 leads compared to controls, with significantly shorter than control latencies at the
FPZ lead.
The neural efficiency hypothesis postulates that clever
(qualified) participants exhibit inferior (more efficient) brain
activation than less qualified participants on cognitive tasks of
low to moderate difficulty [39], [40]. On the other hand, the
amplitude modulations of LPP are believed to reflect the sustained attention and stimulus encoding processes [20], which
serve to inform understanding of another’s behavior [41].
Based on the above, our results are compatible with the
view that blindness is accompanied by increased efficiency in
handling sustained attention and stimuli encoding. This view
is in agreement with observations that the visually deprived
cortex becomes responsive to a wide variety of non-visual
sensory inputs. Specifically, studies have revealed a role of
the visually deprived cortex in facilitating a variety of cognitive processes including lexical and phonological processing,
working memory, verbal memory and memory retrieval, repetition priming, spatial, object and auditory discrimination,
selective attention, as well as spatial navigation [1]–[5]. The
efficient interaction of congenitally blind individuals with
the environment is most likely mediated by both supramodal
brain organization and cross-modal brain plasticity.
76664

Supramodal brain organization (SBO) refers to the capacity of distinct cortical areas to process information without
support from the sensory modality, which carries that information to the brain. SBO would advance sensory information
towards a more abstract, possibly ’conceptual,’ representation. At the same time, the absence of vision gives rise to a
structural and functional reformation within ‘‘visual’’ brain
areas, a phenomenon known as cross-modal plasticity. The
cross-modal synergy of the occipital cortex in individuals
with visual impairment represents an adaptive compensatory
mechanism that contributes to the processing of non-visual
inputs. Supramodality and cross-modal plasticity appear to be
the ‘‘yin and yang’’ of brain development: supramodal is what
takes place despite the lack of vision, whereas cross-modal is
what happens because of lack of vision [42]–[44].
The pattern of results on LPP latencies revealed group
divergence, where the blind exhibited significant prolongations at right temporoparietal leads compared to sighted controls. At the same time, they manifested significantly shorter
latencies at frontal leads. Understanding these findings would
be facilitated by consideration of the view that latency variations of the LPP waveform reflect the time needed to complete the processes which have triggered the LPP. Hence,
these results appear to be an effect of a hybrid between
the general loss hypothesis and the compensatory plasticity
hypothesis in the congenitally blind [45]. These components
of this hybrid might act in accord to provide a balanced
adaptation with the demands of the environment. The general
loss hypothesis [46], [47] predicts that early sensory deprivation and the lack of visual experience during postnatal brain
development induces a generalized degradation of sensory
functions. Accordingly, a person with blindness would be
impaired in the adjustment of other senses and, therefore,
would be unable to form a map of the surrounding space.
However, most findings of the last decade favor the alternative complementary hypothesis of compensatory adaptation. This hypothesis proposes that the brain deprived of one
sensory modality shows massive reorganization, adapting to
sensory loss by recruiting the deafferented cortex to process
information from preserved modalities leading to superior
abilities [48], [49].
We note that, although blind individuals appear to make
more efficient use of their spared modalities under certain
circumstances, superior performance is not the dominant state
in the blind. Poorer performance after the absence of visual
activations in the early or late blind conforms to the general
loss hypothesis. Future studies providing insight into the
temporal dynamics of the brain networks involved might help
the dissociation, or the integration, of these two theoretical
views [45], [50].
The present results have also shown that LPP amplitudes
were differentially deployed in judgments carried out under
the assumption of different perspectives with the highest
values emerging under the positive condition and the lowest under the negative condition. Both the blind and the
sighted participants exhibited this pattern of differences,
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which appear to involve temporoparietal areas. The pattern
may be explained by the functional characteristics of the
LPP waveform. Psychophysiological studies suggest that
LPP is a sensitive index of emotional reactivity and regulation. In this sense, both the amplitude and the latency
of LPP might be a consistent measure of emotional reactivity and regulation. Convergence evidence indicate that
attenuated LPP is induced by deceptive relative to truthful
responses [51], [52]. These authors suggested that the inhibition of truthful response in conjunction with the enhancement of cognitive load in order to make ready the deceptive
responses would be responsible for this result.
It is noteworthy that the LPP latency variation patterns
in blind participants across the three perspective stances
examined in this study revealed significantly shorter latencies
under the negative stance compared to the positive one. Previous studies demonstrated that, compared to sighted controls,
congenitally blind individuals are better in detecting negative
emotions from body odors [53] and prosody [54]. An negative
stimuli signal threat usually requires an immediate behavioral
adaptation in order to cope with a potentially dangerous situation [55], [56]. Hence, it is reasonable to suppose that congenitally blind individuals are better in identifying ecologically
important emotions [54]. This is congruent with the view
that, under congenital visual deprivation, phylogenetically
older forms of interacting with the world gain importance.
Indeed, the evolutionary perspective and social neuroscience
maintain that evolution has promoted a range of adaptation
mechanisms facilitating the survival of the individual within
a social group. Amongst these, all-important are those who
support moral judgment, especially the deep sense of uneasiness and aversion to harming another [57], [58].
The loci of the obtained differences are distributed at occipital and temporoparietal areas. The emergence of a common
pattern in blind and sighted participants at occipital areas
supports the notion that the visual cortex in the blind complies
with the existence of supramodal areas within the visual cortex, capable of processing information conveyed by different
sensory modalities [44].
By considering altogether the findings regarding the statistically significant differences both of the amplitudes and
latencies, it has been shown that these are mainly located at
temporoparietal areas (see Figure 4). It is noted, however,
that exception are the FP2, and O1 leads concerning the
differences of ampli tudes. The temporoparietal topography
of the LPP suggests the ‘repair’ of the integration of syntactic
and semantic information [17] in the updating of mental representation of what is being communicated as it is reflected
by the LPP waveform [19]. In this regard, it is reasonable
to bear in mind that studies concerning the neural basis
underlying the LPP effect indicates that the middle temporal
gyrus and the posterior portion of the temporal cortex are
part of the circuit supporting processes reflected by the LPP
waveform [59]–[61].
In contrast to this, the observed locations at the
orbitofrontal and occipital regions might be understood by
VOLUME 8, 2020

FIGURE 4. Spatio-temporal ERP patterns concentrated at leads P4, Pz,
CP4, O2, and T6, as obtained at different time periods for the control and
blind groups.

considering the aforementioned view that the LLP effect
to emotion has been explained by a ‘reciprocal codependency between activity in prefrontal and occipitoparietal
cortex’. [20]. Moreover, an alternative explanation concerning the significance of the observed distribution regarding
the differences of the LPP amplitude and latencies may
be better understood by taking into account the possible
implication of the neural network involved in the theory of
mind (i.e., conceiving the perspective of others) considering
that the perspective-taking of others was the cornerstone of
our experimental design [62], [63].
B. BEHAVIORAL PERFORMANCE

The observed behavioral findings seem to be consistent with
studies indicating that blind individuals have difficulty posing emotional expressions [64]. Although the compensatory
plasticity hypothesis suggests that blindness associates with
compensation for the loss of vision through more efficient
use of the spared modalities [45], [65]. In this sense, provided
that sadness is associated with more systematic and deliberate
processing whereas happiness is associated with more heuristic processing, [66], [67] it is tempting to hypothesize that in
the present study the blinds based on more heuristic adaptive
processes and less systematic and deliberate processing.
Pleasant basic emotions (such as joy and trust) and
unpleasant (such as sadness, fear, disgust, and anger) elicited
enhanced LPP for both compared groups, i.e., blinds and controls. An exception was the relationship between the emotion
disgust with the LPP at the posterior temporal location during
the positive perspective taking and the emotion trust with the
LPP at parietal during the negative perspective-taking.
Generally speaking, the obtained sites of LPP activation as
correlated with the basic emotion conform in spatial topography to those proposed for generation and emotional modulation of LPP. Indeed, ERP experiments in humans [68]–[70]
consistently found enhanced Late Positive Potentials evoked
by highly arousing unpleasant and pleasant stimuli. This
phenomenon is a product of both an automatic facilitation
of perceptual activity, as well as post-perceptual processing under cognitive control. The reciprocal codependency
between activity in the prefrontal and occipitoparietal areas
could explain this phenomenon [16].
Consequently, blind participants, compared to controls,
exhibit analogous patterns of correlations of the LPP
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activation and the expressed emotions. However, the sensory
loss may hinder their social perception skills when processing
some subtle emotions such as disgust or trust or when the
extraction of simultaneous semantic information is required.
We can justify this view by the fact that blindness reduces
access to relevant sources of social information [71].
The positive association between the latency of the LPP
and the pleasant (joy) and unpleasant basic emotion (sadness,
anger, disgust) during the self-referential condition in the
blind group appears to be consistent with previous investigations [72]. Moreover, this is an indication that longer response
time may arise from uncertainty during an effortful correction. In line with this view, the controls exhibited similar
patterns (i.e., positive associations) with the emotions surprise, fear, and anger during the positive, self-referential, and
negative conditions of the perspective-taking, respectively.
The exception to this consists of the fact that the controls
showed positive emotions, joy, and trust during the selfreferential condition, while exhibited negative associations
between the latency of LPP and these emotions. A possible
explanation for this finding might be the notion that the ability to integrate multimodal social cues correlates efficiently
with measures of perspective-taking and emotional reactivity.
Based on this evidence, we expect that sensory loss to hinder
the perspective-taking skills of the blind participants [73].
Complementary information was obtained by the analyses that identified correlations between the variable ‘none
of the above choice’ and the LPP activation elicited during
the three conditions of the perspective-taking. The observed
correlations appear to reflect activations that correspond
to the Default Mode Network (DMN) operation. Indeed,
the DMN is preferentially activated when individuals’social
tasks involve affective and introspective processes. These
findings appear to be compatible with the notion that ‘the
brain of the blind undergoes not only a local functional
reorganization of the occipital cortex and DMN but also a
reorganization of the cortical network as they adapt to the
non-visual environment’ [74].
C. LIMITATIONS

A limitation of this study concerns the localization of
ERP source generators, as multiple source configurations
on the scalp may result in similar voltage fluctuations (the
well-known ‘‘ill-posed’’ problem). Spatial resolution is therefore poor. However, ERP methodology has an excellent temporal resolution, allowing fine-grained temporal evaluation of
the time-course of cognitive task-relevant operations.
V. CONCLUSION

We have presented an investigation on perspective-taking
in congenital blindness based on Event-Related Potentials’ Detection with Continuous Wavelet Transform. This
exploratory study, based on a set of fables with moral emotional connotations, yielded evidence that the visually
deprived cortex may become responsive to processes
associated with perspective taking, probably mediated
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by compensatory plasticity and cross-modal reformation.
To conclude, we would like to underline that our study harnessed an ancient approach to social teaching towards the
development of a novel model with the potential of expanding
our understanding of crucial aspects underlying the complex
link between emotion and cognition.
As in the present study, we focused exclusively on the
time domain analysis and the accurate localization of ERPs
enabled by the application of CWT, our ongoing research
efforts include the analysis of the brain oscillations in the
frequency domain between the groups of blind and sighted
participants in various conditions.
Future studies may further investigate the functional and
neural mechanisms underlying emotion processing in blind
individuals by considering a larger variety of emotional stimuli, as well as testing individuals with acquired blindness later
in life.
Moreover, developing a deeper understanding of the nature
of the emotion modulated LPP during a perspective-taking
associated with stories telling is promising. Research
demonstrates that reading literature improves the capacity
to identify and understand other’s subjective emotional and
mental states, including empathic concern. In this sense,
Pinkes argued that the increase of literacy during the humanitarian revolution during the 18th century contributed to the
expansion of empathy to humanity [7], [75], [76].
DATA AVAILABILITY

All data considered in the context of this paper are available
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APPENDIX

Translations of the adapted Aesop’s fables used in the study.
THE MONKEY AND THE CAMEL

Someday, the forest animals organized a great feast, during
which the Monkey stood up and danced. Having entertained
the animal company, he sat down amidst cheers. The camel
envied monkey the applause and, wishing to receive the same
acclaim, stood on his hind legs, and started to dance. Nevertheless, he danced in such a ridiculous and clumsy way that
the animals rushed angrily and kicked him out of the feast.
THE NORTH WIND AND THE SUN

The North Wind and the Sun were arguing over who was the
stronger. Suddenly they saw an approaching traveler. ‘‘I see a
way to settle our dispute. Whoever of us can make that traveler take off his cloak shall be regarded as the stronger’’. ‘‘You
begin,’’ said the Sun and retired behind a cloud. The North
Wind began to blow as hard as he could upon the traveler, but
the harder he blew, the closer the traveler wrapped his cloak
round him, till at last, the North Wind had to give up. Then
the Sun came out and shone in all his glory upon the traveler,
who put off his cloak, feeling too hot.
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THE TWO FROGS

Two frogs were once neighbors. One of them dwelt in a deep
pond far removed from people while the other dwelt in a ditch
with some water next to a busy road. The former warned his
friend to change abode and invited him to come and live by
him, saying that he would enjoy greater safety and ample
food. The latter frog rejected the invitation saying that he
could not leave the place to which he had been accustomed.
Unfortunately, some days later, a big wagon passed through
and crushed the poor frog under its wheels.
THE TWO CRABS

One fine day two crabs came out of their home to take a
stroll on the sand. ‘‘Child,’’ said the mother, ‘‘you walk very
ungracefully. You should get used to walking straight ahead
gracefully rather than walking sideways.’’ ‘‘You are right,
mother,’’ said the young one, ‘‘set the example yourself, and
I will follow you.’’
THE TREE AND THE REED

‘‘Well, little one,’’ said a huge tree to a reed that was growing
at its foot, ‘‘why do you not plant your root deeply in the
ground so that you can grow taller like me?’’ ‘‘I am contented
with my lot,’’ said the reed. ‘‘I may not be so grand, but
I feel more safe.’’ ‘‘Safe!’’ sneered the Tree. ‘‘Who could
uproot me or make me bend to the ground?’’ Nevertheless,
it would soon have to regret its boasting, for a strong wind
arose which tore it up from its roots, and cast it, a useless log,
on the ground. On the other hand, when the storm had passed,
the reed bending to the force of the wind, soon stood upright
again..
THE FOX AND THE LION

A fox saw a lion imprisoned in a cage. It stood next to him
and started reviling him. The lion said: ‘‘It is not me whom
you revile but this misfortune which has befallen me.’’
THE SICK LION

An old Lion, unable to procure his food through violence,
decided to procure it through guile. It lay down in his den,
pretending to be sick and made sure his sickness became
publicly known. The other animals started arriving to express
their compassion, but the lion devoured them. After many
animals disappeared, the Fox, who understood the lion’s ruse,
stood outside his den at a safe distance and asked him how he
was. ‘‘So and so,’’ replied the lion. ‘‘But why don’t you come
in for a chat?’’ ‘‘Because I see many footprints entering your
den, but none leaving it,’’ the fox answered.
THE SCORPION AND THE FROG

The Scorpion and the Frog met on a riverside, and the scorpion asked the frog to carry him across. The frog questioned
then: ‘‘How can I be sure that you will not sting me?’’ and
the scorpion answered: ‘‘Because if I do, I will die too.’’ The
frog, satisfied by the answer, agreed to take him across, but
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in midstream, the scorpion stung the frog. The latter started
to paralyze and, while sinking, managed to ask in a muffled
voice, ‘‘Why?’’ ‘‘Because it is in my nature to do so. . . ’’ the
scorpion answered.
THE FOUR OXEN AND THE LION

A Lion used to prowl for food in a field in which four Oxen
pastured. Many a time, it tried to attack them, but whenever
it came near, they turned their tails to each other so that the
lion would always meet the horns of one of them. Finally,
the oxen started quarreling among themselves, and each went
off to pasture alone in a separate corner of the field. Then the
Lion attacked them one by one and soon killed all four.
THE FOX AND THE GOAT

By an unlucky chance, a fox fell into a deep well from which
he could not get out. A goat passed by and asked the fox what
he was doing down there. ‘‘Oh, have you not heard?’’ said
the Fox, ‘‘there is going to be a great drought, so I jumped
down here in order to be sure to have water nearby. Why
don’t you come down too?’’ The goat considered this advice
and jumped down into the well. But immediately, the fox
jumped on his back and then on his long horns and managed
to jump out of the well. ‘‘Good-bye, friend,’’ said the Fox,
‘‘and remember in the future not to take account of the advice
of someone in difficulties.’’
THE FOX AND THE MONKEY

The Fox and the Monkey were traveling together. While passing by a cemetery, the monkey told the fox: ‘‘Do you see all
these monuments? They were made in honor of my ancestors,
who were citizens of great fame’’. The fox answered: ‘‘You
chose the most appropriate participant for your lies since you
are sure that none of your ancestors will refute them.’’
THE GOATHERD AND THE GOAT

A goatherd was looking for a stray goat to return it to his
flock. He whistled and sounded his horn in vain. The goat
paid no heed to the summons. Finally, the Goatherd threw a
stone and broke the goat’s horn. However, he begged the Goat
not to tell his master about that. The Goat replied, ‘‘Why, you
silly fellow, I will say nothing. My horn will speak for itself’’.
THE FOX AND THE LION

A fox entered into a partnership with a Lion. Each undertook
his proper duty following his nature and strength. The Fox
would spot and point out the prey; the Lion would spring upon
it and seize it. The Fox soon became jealous as the Lion would
snatch ‘‘the lion’s share’’ and said that he would abandon the
partnership and capture the prey on his own. The next day he
attempted to snatch a lamb from the fold, but he fell prey to
the huntsmen and hounds.
THE BOY AND THE PASSER-BY

A boy bathing in a river was in danger of drowning. He called
out to a passing traveler for help but, instead of holding out a
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helping hand, the man stood by and started scolding the boy
for his imprudence. ‘‘Oh, sir!’’ cried the youth, ‘‘help me now
and scold me afterward’’.
THE CAMEL AND THE ARAB

An Arab camel-driver, having loaded his camel, asked it
which it would prefer: going uphill or downhill. The poor
beast replied, not without a touch of reason: ‘‘Is it that the
level way through the desert is closed?’’
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