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Abstract

Studies addressing the recognition of emotions in blind or deaf participants have been carried out only with children and
adolescents. Due to these age limits, such studies do not clarify the long-term effects of vision and hearing disabilities on
emotion recognition in adults. We assessed the ability to recognize basic emotions in 15 deaf adults (aged 32.4 + 8.1 yrs) and
in 15 blind adults (48.3 + 10.5 yrs). Auditory and visual stimuli expressing six basic emotional states were presented to
participants (Florida Affect Battery). Participants also performed an empathy test. Deaf participants showed difficulties in
emotion recognition tasks compared to the typical hearing participants; however, differences were only statistically reliable
for Facial Emotion Discrimination and Naming tasks (specifically, naming expressions of fear). Deaf participants also
revealed inferior levels of cognitive empathy. Concerning blind participants, their performance was lower than the controls’
only when the task required the evaluation of emotional prosody while ignoring the semantic content of the sentence.
Overall, although deaf and blind participants performed reasonably well on tasks requiring recognition of basic emotions,
sensory loss may hinder their social perception skills when processing subtle emotions or when the extraction of

simultaneous prosodic and semantic information is required.

Facial expressions and voice tone, together with gestures and
body positions, are the main sources of nonverbal information
during social interactions (Ekman et al, 1987; Leinonen,
Hiltunen, Linnankoski, & Laakso, 1997). The use of the informa-
tion conveyed simultaneously by those sources - multimodal
information (Mehu & van der Maaten, 2014) —is the most effective
way to recognize emotions, infer the mental states of others
and predict their actions.

Indeed, the emotional signals present in social environ-
ments are cross-modal: facial expressions are rarely seen in iso-
lation, and most of the time are accompanied by speech
prosody or body postures. Klasen, Kreifelts, Chen, Seubert, and
Mathiak (2014) showed that multimodal stimulation (simulta-
neous face and voice) yielded faster and more accurate judg-
ments of emotion compared to unimodal presentation (face or
voice only). It is also known that individuals rely more on
speech prosody when facial expressions are ambiguous, and

the same happens in the opposite direction (de Gelder &
Vroomen, 2000). The integration of visual and auditory informa-
tion about emotions seems to be a mandatory process, uncon-
strained by attentional resources (Takagi, Hiramatsu, Tabei, &
Tanaka, 2015; Vroomen, Driver, & de Gelder, 2001).

Since emotional processing is so dependent on concurrent
visual and auditory cues, sensory difficulties may interfere in
the process of integrating this information, hindering emotional
evaluation accuracy during social interaction (Takagi et al.,
2015). Being deaf or blind reduces access to relevant sources of
social information, since the individual cannot simultaneously
access facial expressions, body positions and nonverbal vocal
cues such as tone of voice or prosody.

The pertinence of auditory information in emotion proces-
sing motivated some researchers to evaluate emotion recogni-
tion in deaf participants. According to the study by Wiefferink,
Rieffe, Ketelaar, De Raeve, and Frijns (2013) with children who
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are deaf, such children seem to make more errors in recognizing
facial emotion compared to participants from a matched control
group (Cohen’s d = 0.38, favouring controls).

Similar results were obtained by Ludlow Heaton, Rosset,
Hills, and Deruelle (2010), who tested the ability of deaf children
to recognize perceptual aspects of emotions depicted in upright
or inverted human and cartoon faces. Their data showed that, in
comparison with both chronological- and mental-age-matched
controls, deaf children were significantly worse at identifying
emotions (Cohen’s d = 1.64), especially in sad, happy and angry
faces. Similarly, Most and Michaelis (2012) found that young
deaf children performed less well than children with typical
hearing in an emotion recognition task (Cohen’s d = 0.53, favour-
ing controls). As infants, children learn nonverbal communica-
tion in social-emotional interactions, making the face rather
than speech the dominant communication channel;, however,
during their development, children become verbal agents and
facial expressions and other nonverbal communication ele-
ments begin to be processed more implicitly. Without the access
to early verbal communication, deaf children lose these multiple
subconscious elements, crucial to efficient emotion recognition.
Another explanation for such difficulties may be a split-
attention effect due to the need for deaf individuals who com-
municate in spoken language to focus on the mouth to lip-read,
thus possibly missing emotional relevant information expressed
in the eyes zone (Rigo & Liberman, 1989).

However, different results were obtained by Hosie, Gray,
Russell, Scott, and Hunter (1998), who did not find systematic
differences between deaf and typical hearing children on tasks
requiring the ability to match, identify and label emotional ex-
pressions (happiness, sadness, anger, fear, disgust and surprise
faces; Cohen’s d values ranged from - 0.39 favouring controls in
anger recognition to 0.74, favouring deaf children in disgust rec-
ognition). Jones, Gutierrez, and Ludlow (2018) found moderate
differences between deaf children and their matched typical
hearing children (Cohen’s d = 0.65, favouring controls) but only
with static emotional faces; when dynamic stimuli were used
(videos with an actor portraying basic emotions), the control
advantage decreased significantly (Cohen’s d = 0.16).

The inconsistencies across studies with deaf participants
may result, in part, from methodological differences, particu-
larly the heterogeneity of the samples (age range; comparison
between adolescent and child performances), the level of parti-
cipant’s hearing loss and the cognitive demands of the tasks
proposed (some studies used discrimination, others matching
or naming tasks and differences in performance are evident
when comparing tasks).

The effects of hearing impairment on emotion recognition
during the development of deaf subjects until adulthood are
also an unsolved question. In fact, Dyck, Farrugia, Shochet, and
Holmes-Brown (2004), using a battery for emotion recognition
and emotion-understanding abilities, found that the deficit in
emotion recognition observed in the deaf group decreased with
age. Deaf adolescents demonstrated significantly better perfor-
mance than deaf children (Cohen’s d = 0.66), although they still
performed at a lower level than their age-matched typical hear-
ing controls (Cohen’s d = 0.69, favouring controls). In a recent
study, however, Memisevic, Mujkanovic, and Ibralic-Biscevic
(2016) showed that deaf adolescents (mean age: 16.2 years) did
not perform worse than matched typical hearing adolescents in
an emotion identification task (Cohen’s d = 0.03, favouring con-
trols). According to Sprung Minch, Harris, Ebesutani, and
Hofmann (2015), emotion comprehension is likely to advance

rapidly along with development via rich parental or social con-
versational input about real-life feelings. We can speculate that,
just as a typical hearing child improves his emotion recognition
abilities across the years, deaf children, through their experi-
ence with sign explicit language or with compensatory formal
education, were given more opportunities to converse with
others, increasing their capacity to recognize and process emo-
tions, albeit later than their peers.

Auditory information seems to be primary in social interac-
tions (Rezlescu et al.,, 2015). Listeners associate the speaker’s
speech characteristics to physical, biographical and personality
attributes, including trustworthiness, attractiveness, domi-
nance and emotional states (Rezlescu et al., 2015; Zuckerman &
Driver, 1989). For blind subjects, speech prosody is the primary
source for decoding the emotional states of others. Although
language and testimony are particularly powerful tools for
explicit learning about the invisible contents of other minds,
namely emotional states (e.g., Bedny & Saxe, 2012), lack of
access to the visual channel, which allows the processing of
facial expressions, may bring specific difficulties in emotional
recognition for blind individuals.

A review study conducted by Valente, Theurel, and Gentaz
(2018), that examined the production of facial emotions in blind
subjects (particularly the impact of visual experience from
infancy to adulthood), obtained mixed results. Most of the stud-
ies reviewed by the authors pointed out that lacking visual
experience during development seems to not have a major
impact on the emotional expression production generated
spontaneously in real contexts.

While these studies assessed the production of emotional
states, to our knowledge, there are few studies exploring the
auditory emotional prosody recognition in blind participants.
Minter, Hobson, and Pring (1991), using a sample composed
of eight congenitally blind children, found that blind partici-
pants revealed more difficulties in emotional prosody recog-
nition than their controls, a deficit that was specific to
emotion sounds (rather than non-emotional sounds). Similar
results were obtained by Dyck and colleagues (2004), show-
ing that blind participants had more difficulty than controls
in emotional recognition based on vocal cues (Cohen’s
d = 0.88).

In sum, children are perhaps less able to deal with multimodal
emotional cues, making emotion recognition and expression
more difficult, particularly for subtler or ambiguous emotions (i.e.,
sadness and anger). Given that emotion recognition is a central
prerequisite for the successful empathic maturation (Netten et al.,
2015), the study of empathic skills in deaf or blind individuals is
particularly relevant.

According to Netten and colleagues (2015), empathy, from a
development perspective, can be divided into different dimen-
sions: emotional empathy, cognitive empathy and prosocial
motivation. Emotional empathy (also considered emotional
contagion) is a process in which the emotional states of others
produce a level of arousal in the observer. This is an uncon-
scious behavioral mimicry of the other’s facial expressions,
vocal and positions signs. On the other hand, cognitive empathy
implies a more sophisticate understanding of the emotional
state of the other person. This comprehension of others implies
that the observer can distinguish between one’s own emotions
and the other’s emotions; understanding the other leads to sup-
port and care for the other person. In sum, the joint effect of
cognitive empathy and prosocial motivation can promote
healthy relationships.
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Empathy requires the ability to monitor external cues of
emotion to accurately discern the emotional states of others
and respond appropriately (Balconi & Bortolotti, 2013). A recent
study has demonstrated that the ability to integrate multimodal
social cues correlates positively with measures of empathy and
emotional reactivity (Regenbogen et al., 2012). Considering this
evidence, sensory losses are expected to hinder the empathic
skills of deaf or blind children.

Studies on the development of empathy in deaf are scarce
and have yielded mixed results (Bachara, Raphael, & Phelan,
1980; Ketelaar, Rieffe, Wiefferink, & Frijns, 2013; Valente et al.,
2018). Recent studies (Netten et al., 2015; Peterson, 2016) seem
to confirm that young deaf children scored lower than their
matched-controls in cognitive and behavioral measures of
empathy. However, no differences were found in emotional
empathy; this result is not surprising since emotional empathy
is considered a behavioral mimicry that is not conscious of the
facial, vocal and corporeal expressions of others and is present
in children despite their social learning experiences (Netten
et al., 2015; Peterson, 2016). Cognitive empathy develops as chil-
dren grow up, however, and involves a more elaborate under-
standing of the emotional state of others. According to some
authors, subjects with deafness exhibit lower cognitive empa-
thy because they are less responsive to subtle stimuli from
others, which seem to depend primarily on social learning
rather than mimicry, this last underlying affective empathy
(e.g., Netten et al.,, 2015). This conclusion was made based on
the results of a study on deaf and hard of hearing older children
and adolescents (age 9-16), that reported only lower levels of
cognitive empathy and prosocial motivation than their typical
hearing controls. During the observations, deaf and hard of
hearing participants showed more attention to the emotion-
evoking events but less supportive behavior than their typical
hearing peers.

Peterson (2016) refers that empathy and theory of mind
(ToM: the understanding that behavior is guided by true and
false beliefs) are foundations of social life and human relation-
ships. In contrast to ToM, there has been little study of empa-
thy’s development in deafness. Concerning ToM, the restricted
early access to family conversation about thoughts and feelings
when parents are not fluent signers seems to contribute to a
delay of ToM (e.g., Peterson & Siegal, 1999). A review conducted
by Glenn (2007), revealed findings consistent with Peterson and
Siegal’s (1999), and suggested that deaf children appear to have
difficulties in perspective-taking and emotional reactions, but
these skills may develop later. The authors stated there is lim-
ited evidence as to whether the deficits continue through ado-
lescence and adulthood.

Several authors pointed out that lack of vision interferes in
empathy development and Theory-of Mind acquisition during
childhood (both essential in social cognition). These studies
yielded findings that children and adolescents with visual
impairment struggle with social or friendship related problems,
consequence of a ToM delay (e.g., Gold, Shaw, & Wolffe, 2010).

In a study conducted by Raghibdoust, Sobati, and Shaghaghi
(2018) it was suggested that, among the three false belief tasks,
congenitally blind children had only poor performance in the
story narration task, because this task was more dependent on
the visual sense. Although the authors recommended that con-
genitally blind children must be exposed to further tactile and
olfactory inputs during early infancy to mitigate this delay, the
authors obtained similar performances between blind and
sighted children in the majority of mental inference tasks.
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Overall, the studies that address emotion recognition in deaf
individuals or recognition/expression in blind individuals have
been performed with children or adolescents. This restriction in
the studied age groups does not clarify the question related to
the lack of visual and hearing experience on emotional recogni-
tion and empathy in adults. With this background, our main
objective was to evaluate both deaf adults and blind adults to
assess their emotional recognition and empathic abilities. For
that purpose, we selected the Florida Affect Battery, which cap-
tures different basic emotions through tasks recruiting different
cognitive abilities (naming, discrimination, matching and iden-
tification) and using visual and auditory emotional stimuli
(facial expressions and prosody). We expected that both groups
(deaf and blind) would have more difficulties in emotional rec-
ognition than their matched control groups, particularly for
subtler emotions. Relative to the tasks proposed, we expected a
worse performance in the naming and conflictual recognition
tasks, because stimuli from these tasks present fewer or con-
flicting cues. Concerning empathy, we expected deaf and blind
participants to be at a disadvantage, particularly in cognitive
empathy measures.

Method

Participants

Our study included a group of 15 congenitally deaf participants
(seven males and eight females) with a mean age of 32.4 years
(SD = 8.14) and a mean of educational level of 12.4 years (SD =
3.07), and a matched control group (A) (15 participants; seven
males and eight females), with a mean age of 31.2 years (SD =
7.66) and a mean of educational level of 11.1 years (SD = 2.48).
The gender distribution (Chi-square = 0.0, p = 1.000), age (U =
100.0, p = .624) and educational level (U = 73.0, p = .106) did not
differ significantly between groups. Participants in the deaf group
used sign language as their primary form of communication.

A group of 15 congenitally blind participants (11 males and
four females) and a control group B (15 participants; nine males
and six females) were also recruited for this study. While gender
distribution (Chi-square = 0.6, p = .439) and educational level
(10.3 + 3.77 for blind and 12.0 + 3.84 for controls, U = 82.5, p =
.217) did not differ between groups, the mean age of the blind
group (48.3 years + 10.52) was higher than the control group
(38.1years + 13.94; U = 64.5, p = .045).

The selection criterion for congenitally deaf participants was
the presence of profound hearing loss (hearing loss above 90 dB,
in the best ear). Only congenitally blind participants (visual acu-
ity of 3/60 and less) were included. Control participants had typ-
ical hearing or vision. Exclusion criteria for all participants were
learning disabilities or concomitant disorders such as attention
deficit, autism or severe neurological and psychiatric illness.

Instruments

Florida Affect Battery [FAB]
The Florida Affect Battery (FAB; Bowers, Blonder, & Heilman,
1999) has been used to assess social-perceptual skills through
different sensory modalities (visual and auditory). For the pres-
ent study, the visual subtests were administered only to the
deaf participants, while the auditory subtests were adminis-
tered to the blind participants.

According to authors, the FAB battery was designed to assess
the perception and understanding of nonverbal communicative
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signals (facial expressions and tones of voice) under a variety of
task demands. The FAB includes eleven different subtests (five
using pictures of faces as stimuli, four using speech stimuli and
two using cross-modal stimuli); the visual and auditory stimuli
used in these subtests expressed five different emotional states:
happiness, sadness, anger, fear and neutral. In this way, the FAB
is particularly suited to evaluate emotion recognition skills both
in visually impaired populations (since it assesses these skills
through emotional auditory cues related to speech prosody) and
in deaf populations (since it uses facial affect expressions).

In the first subtest (“Facial Identity Discrimination”), pairs of
unknown faces are shown, and the participant is asked to iden-
tify whether the faces are the same or different. The stimuli are
photographs of women with neutral facial expressions and a
surgical cap covering their hair, to reduce the influence of other
visual clues besides facial features. This subtest does not
involve emotion processing and serves as perceptual “control”
for the subsequent tasks involving facial affect. In the second
subtest (“Facial Emotion Discrimination”), the participant is
asked to identify whether the two presented faces portray the
same or different emotions; this subtest simply assesses the
ability to discriminate facial affect and does not require identi-
fying the emotions expressed. On the contrary, in the third sub-
test (“Facial Emotion Naming”), the participant is asked to label
the emotion expressed in the presented faces (i.e., happy, sad,
angry, fear, neutral). The fourth subtest (“Facial Emotion
Selection”) evaluates the ability to select which face (among
five) expresses the emotion named by the examiner (who asks,
i.e., “please, point to the happy face”). Finally, in the fifth subtest
(“Facial Emotion Matching”), the participant must match the
picture of an emotional face with another face expressing the
same emotion, chosen from among five faces showing different
emotional expressions.

Prosody subtests are composed of sentences recorded by
the same speaker in different expressive tones. The first pros-
ody subtest (“Non-emotional Prosody Discrimination”) in-
cludes a set of pairs of semantically neutral simple sentences
(for example, “Shoes are in the closet”) spoken in either an
interrogative or declarative tone of voice. The participant has
to decide whether the intonation of the sentences is the same
or different. This subtest does not involve the recognition of
emotional prosody and serves as control for the subsequent
tasks involving emotional auditory cues. The second prosody
subtest (“Emotional Prosody Discrimination”) presents pairs of
semantically neutral sentences uttered in the same or in a dif-
ferent emotional tone of voice. The participant must decide
whether the affective prosody is the same or whether it is dif-
ferent in both sentences; here, the participant only has to dis-
criminate the affect prosody and is not required to identify the
emotions expressed. The third prosody subtest (“Emotional
Prosody Naming”) evaluates the ability to recognize and name
the emotion expressed by prosody. Semantically neutral sen-
tences are presented to participants in one of five affective
tones of voice (happy, sad, angry, fear, and neutral) and the
participant must label the emotional prosody of each sentence.
The fourth prosody subtest (“Conflicting Emotional Prosody”) is
again an emotion-naming task; however, sentences are not
semantically neutral: affectively intoned sentences have a
semantic content that may conflict with (incongruent items:
“all dogs are dead,” said in a happy tone of voice) or parallel the
message (congruent items: “all dogs are dead,” said in a sad
tone of voice). In this subtest, the participant has to identify
the tone of the emotion expressed in the speaker’s voice (disre-
garding the semantic content of the sentence).

The last two FAB subtests require the participants to match
the affect conveyed by the facial expression with a correspond-
ing prosodic stimulus or vice versa and were not used in this
study since they are unsuitable for groups with visual or hearing
difficulties.

The FAB has good psychometric proprieties and has been
validated as a measure of emotion perception deficits in a vari-
ety of brain-disordered patients, including patients with unilat-
eral stroke and Parkinson disease (Bowers et al., 1999; Bowers,
Bauer, & Heilman, 1993; Bowers, Blonder, Feinberg, & Heilman,
1991). Its test-retest reliability ranges from .89 to .97 (Bowers
et al,, 1999). In this study, we used the Portuguese version of the
battery (Nascimento, 2016).

Empathy Quotient [EQ]

Empathy was evaluated through the short form of the Empathy
Quotient scale (Portuguese version: Rodrigues et al., 2011,
Original form: Wakabayashi et al., 2006). This self-report mea-
sure consists of 22 items and responses are given in a four-
point rating scale, ranging from “strongly agree” to “strongly
disagree.” In the Portuguese version, EQ presents four dimen-
sions (Rodrigues et al., 2011): (1) Cognitive empathy (five items,
a = .80), which represents the ability to accurately infer the feel-
ings and thoughts of the other person without experiencing
them (Falcone et al., 2008); (2) Emotional reactivity (five items,
a = .71), which reflects the tendency to respond appropriately to
the mental states of others; (3) Social skills (five items, a = .70),
which represents the ability to judge social situations intuitively
and spontaneously; and (4) Empathic difficulties (six items,
a = .66), which assesses the participants’ limitations to respond
appropriately to other people’s mental states and to spontane-
ously assess social situations. The EQ original scores were
reversed in order that high scores correspond to high levels of
empathy.

Procedures

Informed consent was first obtained from participants, after
clarifying the goal of the study and the voluntary and confiden-
tial nature of their participation. Deaf participants were in-
structed using written and sign language, and blind participants
using oral communication. Second, participants answered a so-
ciodemographic questionnaire. Subsequently, the FAB was
administered to all participants. Only the first five tasks were
administered to the deaf participants (task 1: Facial Identity
Discrimination; task 2: Facial Emotion Discrimination; task 3:
Facial Emotion Naming; task 4: Facial Emotion Selection; task 5:
Facial Emotion Matching). The blind participants were given the
tasks related to prosody (task 6: Non-emotional Prosody
Discrimination; task 7: Emotional Prosody Discrimination; task
8: Emotional Prosody Naming; task 8b: Conflicting Emotional
Prosody). After administering the tasks from the FAB, some par-
ticipants were given the short version of the EQ (Wakabayashi
et al., 2006). The EQ is a self-administered measure, so controls
and deaf participants answered directly on the questionnaire
sheet form; for the blind participants, the EQ was administered
during an oral interview.

Analysis

Accuracy differences between the groups (deaf vs. typical hear-
ing; blind vs. typical vision) were evaluated through nonparamet-
ric procedures, considering the small sample sizes (n = 15 per
group): the Mann-Whitney U test was used to statistically evaluate
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those differences and Vargha and Delaney’s A (2000) was com-
puted as an effect size indicator. This measure is a nonparamet-
ric estimate of the probability that a randomly chosen member
from group 1 scores higher than a randomly chosen member
from group 2. Thus, A;, = .5 indicates that both groups are equiv-
alent. Following Vargha and Delaney’s suggestions (2000), a small
effect size is expressed by A;; = .56; medium effect sizes occur
when A;, = .64 and large effects sizes when the A;, probability is
higher than .70. Considering the inflated risk of Type I error due
to multiple testing on the same group, the Benjamini-Hochberg
procedure was used to hold the false discovery rate constant at
5% (Benjamini & Hochberg, 1995; Yekutieli & Benjamini, 1999).
Statistical analysis was carried out using the SPSS software, ver-
sion 21.0 (IBM Corporation, Armonk, NY).

Results

Performance in FAB Tasks

Typical hearing participants outperformed deaf participants for
all FAB visual tasks (Table 1), but differences were almost non-
significant. We observed large effect sizes for the Facial Emotion
Discrimination and Naming tasks and moderate effect sizes in the
Facial Emotion Selection task, although the advantage of typical
hearing participants was significant only for the Discrimination
task (Mann-Whitney, p < .05, corresponding to p-c = .060 after cor-
recting for the inflated risk of false-positives; A, = .76). In the
Facial Emotion Naming task, typical hearing participants obtained
a higher result, probably due to their superior accuracy in naming
expressions of fear. Deaf participants showed a higher perfor-
mance than typical hearing group in some types of emotions, but
these differences never reached significance.

Table 2 presents the performance of the blind participants
on the auditory tasks. The typical vision group performed better
than the blind participants in all tasks. However, this advantage
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approaches statistical significance only in the Conflicting
Emotional Prosody task (Mann-Whitney, p = .068, correspond-
ing to p-c = .272 after correcting for the inflated risk of false-
positives; A, = .68). A more detailed analysis of the perfor-
mance on this task reveals that participants with typical vision
clearly benefit more than blind participants when the semantic
content of the sentence was congruent with the emotional pros-
ody used (Mann-Whitney, p = .035, corresponding to p-c = .070
after correcting for the false-positive rate; A, = .72).

Empathy Quotient

Table 3 presents the scores obtained in the abbreviated version
of EQ by some of the participants from each group. Deaf and
blind participants always scored lower than their controls; how-
ever, only one of these differences reached statistical signifi-
cance: the deaf participants scored clearly lower in Cognitive
empathy (Mann-Whitney, p = .021, corresponding to p-c = .105
after correcting for the false-positive rate; A, = .80). There were
no other significant differences between groups for any of the
empathy subscales.

Discussion

Our main objective was to explore basic emotion recognition
and empathy in deaf adults and blind adults. The literature has
shown that facial and vocal emotional expressions interact in
emotion perception (de Gelder & Vroomen, 2000; Massaro &
Egan, 1996), so we expected that the specific sensory loss char-
acterizing each group would bring some degree of difficulty in
emotion recognition.

According to our expectations, deaf participants showed
greater difficulty in subtle emotion recognition tasks compared
to participants with typical hearing; differences were detected
only for Emotion Discrimination (in general) and in the Naming
task (only for fear emotion). Wells, Gillespie, and Rotshtein

Table 1 Accuracy while performing FAB visual tasks by deaf and typical hearing participants (%)

Typical Hearing A

Deaf (n = 15) (n=15)
M + SD M + SD A U p p-c
Facial Identity Discrimination 98.0 +£5.61 99.0 +2.07 .52 108.0 774 .966
Facial Emotion Discrimination 88.7 + 6.94 95.0 +3.78 .76 54.5 .012 .060
Facial Emotion Naming 84.7 +10.93 91.0 +9.49 .69 70.0 .073 .182
Happiness 91.7 £12.20 90.0 +15.81 .51 110.0 .900 .900
Sadness 73.3+29.07 81.7 +24.03 .58 94.5 423 .900
Fear 75.0+21.13 96.7 + 8.80 .81 42.0 .001 .005
Anger 88.3 +16.00 90.0 +15.81 .53 105.5 732 .900
Neutral 95.0 +10.35 96.7 +8.90 .53 105.0 630 .900
Facial Emotion Selection 87.0 +11.62 92.7 +£7.29 .63 83.0 212 .353
Happiness 98.3 +6.45 98.3 +6.45 .50 112.5 999 .999
Sadness 93.3+14.84 86.7 +12.91 .65 79.0 .099 .283
Fear 80.0 +23.53 90.0 + 18.42 .63 83.5 .170 .283
Anger 88.3 +20.85 90.0 +15.81 51 110.5 918 .999
Neutral 85.0 +31.05 98.3 +6.46 .60 89.0 133 .283
Facial Emotion Matching 88.7 +£9.90 90.0 +5.35 49 115.5 .966 .966
Happiness 96.7 + 8.80 98.3 +6.46 .53 105.0 .550 .550
Sadness 86.7 +24.76 86.7 +16.00 .56 99.0 513 .550
Fear 93.3+14.84 91.7 +12.20 .56 100.0 .501 .550
Anger 76.7 +14.84 85.0+15.81 .64 80.5 133 332
Neutral 90.0 +15.81 80.0 +16.90 .67 75.0 .084 332

M + SD - mean + standard deviation; A;, - Vargha and Delaney’s nonparametric effect-size measure (A;,. ~ .56 corresponds to small effect size; A;, ~ .64 to medium
effect size; A;, ~ .70 to large effect size); U - Mann-Whitney U test statistic; p - p-value; p-c - p-value corrected by the Benjamini-Hochberg procedure.
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Table 2 Accuracy while performing FAB auditory tasks by blind and typical vision participants (%)

Blind Typical Vision B
(n=15) (n=15)
M + SD M + SD Asy U p p-c
Non-Emotional Prosody Discr. 94.2 +12.82 97.5+7.01 .62 86.0 774 .801
Emotional Prosody Discrim. 96.7 +12.90 99.3+1.76 .53 106.0 .605 .801
Emotional Prosody Naming 75.7 +£23.21 81.3 +8.55 .53 106.5 .801 .801
Happiness 76.7 +32.00 90.0 +20.70 .62 86.0 201 .999
Sadness 70.0 +30.18 75.0 + 25.00 .54 104.5 728 .999
Fear 53.3+37.64 56.7 +29.07 .50 1115 .966 .999
Anger 91.7 + 26.16 96.7 + 8.80 .50 111.5 .944 999
Neutral 86.7 +28.14 85.0 +20.70 .56 99.0 .503 999
Conflicting Emotional Prosody 81.9+15.99 90.4 + 8.26 .69 69.0 .068 272
Happiness 84.0 +17.65 92.0+18.21 .66 77.0 .108 216
Sadness 83.7 +21.36 96.3 +5.42 .66 77.5 104 216
Anger 79.2+£21.48 84.2 +14.54 .55 101.5 .637 .637
Neutral 77.6 +20.59 85.9+12.22 .62 85.0 .238 317
Congruent 83.1+15.54 93.9+8.18 72 63.0 .035 .070
Incongruent 79.0 +17.57 87.3+£9.93 .62 85.0 .249 .249

M + SD - mean + standard deviation; A;, - Vargha and Delaney’s nonparametric size measure (A;,. ~ .56 corresponds to small effect size; A, ~ .64 to medium effect

size; A, ~ .70 to large effect size); U- Mann-Whitney U test statistic; p — p-value; p-c — p-value corrected by the Benjamini-Hochberg procedure.

Table 3 Empathy Quotient (EQ) scores for deaf and blind groups and their controls

Deaf Typical Hearing A

(n=10) (n=10)

M +SD M +SD A U p p-c
Cognitive empathy (max. 20) 9.5+212 12.1+2.60 .80 20.0 .021 .105
Emotional reactivity (max. 20) 9.2+1.93 10.3 +2.87 .61 39.5 421 .702
Social skills (max. 20) 8.0 +2.26 8.4+291 .54 46.0 .760 .790
Empathic difficulties (max. 24) 15.6 +3.37 16.1+4.36 .54 46.5 .790 .790

Blind Typical Vision B

(n=10) (n=10)

M+ SD M+ SD A1 U p p-c

Cognitive empathy (max. 20) 11.0 +£2.05 12.4 +2.63 .66 345 237 .542
Emotional reactivity (max. 20) 8.8 +2.30 10.2 +1.69 .69 31.0 .146 .542
Social skills (max. 20) 89+2.28 9.9+2.92 .58 41.5 .510 .638
Empathic difficulties (max. 24) 14.9+3.21 15.5+3.84 .55 45.0 .704 .704

M + SD - mean + standard deviation; A;, - Vargha and Delaney’s nonparametric size measure (A;,. ~ .56 corresponds to small effect size; A, ~ .64 to medium effect

size; Ay ~ .70 to large effect size); U- Mann-Whitney U test statistic; p — p-value; p-c — p-value corrected by the Benjamini-Hochberg procedure.

(2016) observe that fear is the basic emotion most difficult to
recognize for the general population. Fear is a negative and sub-
tle emotion, usually socially concealed, and often lacks a social
context for interpretation. It is simpler to express and recognize
this emotion when a stimulus triggers an automatic response
(e.g., showing a snake and observing what happens). According
to the affect circumplex model (Posner, Russell, & Peterson, 2005)
negative emotions are the most difficult emotions to classify
because, from the social point of view, they are more ambiguous.
It is not surprising that deaf individuals, not being able to rely on
prosody for extra help in identifying ambiguous emotions, face
more difficulty in their interpretation (Merabet & Pascual-Leone,
2010). Compared to previous studies with children and adoles-
cents (Most & Michaelis, 2012), our deaf group obtained better re-
sults in emotion recognition. We had good reason to suppose
that emotional impairments in adults with deafness were not so
salient as observed in most of the studies that focus on emo-
tional recognition in children and adolescents. Sign language

acquisition and testimony are particularly powerful tools for
learning about the invisible contents of other minds along devel-
opment (e.g., Bedny & Saxe, 2012). This knowledge about others’
minds includes causal relations among abstract concepts (such
as emotions, beliefs and desires), and can be learned from many
sources of evidence, not limited to first-person experiences.

For the blind participants, their performance was lower than
the controls’ only when the task required the evaluation of
emotional prosody while ignoring the semantic content of the
sentence. We speculate that blind subjects were engaged with
the semantic content of the sentence, disrupting the recogni-
tion of its intonation. These results suggest that blind indivi-
duals, in the absence of visual cues, tend to rely more on
discourse semantic content to evaluate emotions in social si-
tuations than non-blind individuals.

To our knowledge there are no studies focused on conflicting
emotional prosody performance and blindness. Several authors
have noted that visual experience is extremely important for
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social, cognitive and complex pragmatic skill acquisition
(McConachie & Moore, 1994). The complex skills required to
complete conflictual prosody tasks seem reduced in adults with
congenital vision loss.

Overall, although individuals with sensory impairment per-
formed reasonably well on tasks requiring basic emotion recogni-
tion, their sensory limitations may hinder their social-perception
skills when processing subtle emotions (in the case of deaf partici-
pants) or when the simultaneous extraction of prosodic and
semantic information is required (in the case of blind participants).
This fact can probably explain the lower levels of cognitive empa-
thy observed in deaf participants.

According to some authors, individuals less responsive to
subtle social stimuli may exhibit lower levels of cognitive empa-
thy because responsiveness to social stimuli seems to depend
more on social learning than on mimicry, which in turn seems
to underlie affective empathy (Netten et al., 2015). It has been
argued that affective empathy (i.e., feeling what the other per-
son feels) is neurologically hard-wired and is, for example, pres-
ent in children despite their social learning experiences. On the
other hand, the level of cognitive empathy (i.e., understanding
another’s emotions) depends on the extent to which children
can participate in a social environment. Netten and colleagues
(2015) also observed lower levels of cognitive empathy in deaf
preadolescents compared with their typical hearing controls.
The groups did not differ in their ability to recognize emotions,
but the deaf subjects seemed more attached to emotion-evoking
events and presented less supportive behavior compared to their
typical hearing controls. Because of the continuous development
of cognitive empathy in childhood and preadolescence, the
authors mentioned above expected an increase of cognitive
empathy in their deaf adolescents but observed the maintenance
of this delay. Unfortunately, our deaf adults also revealed deficits
in cognitive empathy. Some authors have observed that a cogni-
tive empathy delay appears when an appropriate intervention
program did not exist during childhood (Netten et al., 2015).

In sum, with this study we hope to have created awareness
not only of emotion recognition but also of the reduced cogni-
tive empathic skills observed in deaf persons. This lack of skills
severely interferes in their social life, given the association
between empathy and the quality of personal relationships
(Chow, Ruhl, & Buhrmester, 2013). Not being able to empathize
with others may result in less participation and cooperation,
causing isolation and psychological problems (Netten et al.,
2015; Wauters & Knoors, 2008). According to Netten and collea-
gues (2015) and Bedny and Saxe (2012), the socio-emotional
development of deaf or blind children could benefit from their
language and communication skills. Thus, professionals and
parents should actively involve deaf or blind children in
emotion-evoking situations, particularly by talking about emo-
tions and their contexts more often and deeply. Future research
should focus on the development of rehabilitation programs for
blind or deaf participants (not only for children but also for ado-
lescents and adults) that actively support the development of
empathic abilities.

Limitations and Future Work

While our results seem to be pertinent to the on-going discus-
sion about the development of emotion recognition and empa-
thy skills in both deaf and blind adults, the present study has
some limitations that hamper more direct conclusions. First,
the small number of participants forces us to look at the results
with caution, due to the lack of statistical power to detect even
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moderate size effects. Second, we must point out that our cross-
sectional design prevents us from drawing conclusions about
the time-course of the emotional recognition processes.
Longitudinal data collection is necessary to confirm the devel-
opment assumptions made in our discussion.
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