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Abstract

Objective—Emotion processing is known to be mediated by a complex network of cortical and 

subcortical regions with evidence of specialized hemispheric lateralization within the brain. In 

light of prior evidence indicating that lateralization of cognitive functions (such as language) may 

depend on normal visual development, we investigated whether the lack of prior visual experience 

would have an impact on the development of specialized hemispheric lateralization in emotional 

processing.

Method—We addressed this issue by comparing performance in early blind and sighted controls 

on a dichotic listening task requiring the detection of specific emotional vocalizations (i.e., 

suggestive of happiness or sadness) presented independently to either ear.

Results—Consistent with previous studies, we found that sighted individuals showed enhanced 

detection of positive vocalizations when presented in the right ear (i.e., processed within the left 

hemisphere) and negative vocalizations when presented in the left ear (i.e., right hemisphere). It is 

interesting to note that although blind individuals were as accurate as sighted controls in detecting 

the valance of the vocalization, performance was not consistent with any pattern of specialized 

hemispheric lateralization.

Conclusions—Overall, these results suggest that although the lack of prior visual experience 

may not lead to impaired emotion processing performance, the underlying neurophysiological 
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substrate (i.e., degree of special hemispheric lateralization) may depend on normal visual 

development.
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The ability to perceive the emotional states of others is crucial for adapted social interactions 

(Horstmann, 2003). A great deal of information regarding an individual’s emotional state is 

conveyed by visual social cues, such as facial and bodily expressions (for reviews, see de 

Gelder, de Borst, & Watson, 2015; de Gelder et al., 2010; Wood, Rychlowska, Korb, & 

Niedenthal, 2016). Nonetheless, emotional states can also be determined from information 

garnered from other sensory modalities (such as hearing) based on differences in prosody or 

emotional vocalizations (e.g., Altenmüller, Schmidt, & Zimmermann, 2013; Belyk & 

Brown, 2014). Accordingly, although only a few studies have specifically investigated 

emotion perception in blind individuals, available evidence suggests that visual experience is 

not needed to develop efficient emotional recognition skills. For example, blind and sighted 

individuals have been shown to possess similar emotion recognition accuracy in tasks 

requiring the haptic exploration of facial expressions (Kitada et al., 2013). Moreover, blind 

participants outperformed sighted control participants in recognizing negative emotions from 

body odours (Iversen, Ptito, Møller, & Kupers, 2015) and from prosody (Klinge, Röder, & 

Büchel, 2010). At the neurophysiological level, it has been reported that blind individuals 

show enhanced occipital cortex (specifically, the middle and superior occipital gyri) activity 

during the haptic recognition of facial expressions (Kitada et al., 2013), and enhanced 

amygdala responses to emotional auditory stimuli (Klinge et al., 2010) as compared with 

sighted controls. These results are in line with a contemporary view suggesting that early 

visual deprivation is associated with compensatory behaviors that are intimately related to 

underlying changes in the overall structural and functional organization of the brain (e.g., 

Hasson, Andric, Atilgan, & Collignon, 2016; Voss & Zatorre, 2015; for reviews, see 

Cattaneo et al., 2008; Ricciardi, Bonino, Pellegrini, & Pietrini, 2014).

When studying emotion processing in the blind, an interesting aspect to consider is 

hemispheric lateralization. In fact, if on one hand the brain exhibits a certain degree of 

specialized hemispheric lateralization with regards to the processing of emotions (for 

reviews Demaree, Everhart, Youngstrom, & Harrison, 2005; Wager, Phan, Liberzon, & 

Taylor, 2003), on the other hand a debated issue is whether the lack of normal visual 

development overall affects hemispheric specialization (beyond the emotional domain). 

Indeed, language functions may be less left-lateralized in early blind compared with sighted 

individuals (e.g., Lane et al., 2017), with reduced lateralization also observed for 

nonlinguistic functions (e.g., Bonino et al., 2015; Nava, Güntürkün, & Röder, 2013). With 

regards to emotions, converging behavioral and neurophysiological findings in the visual 

domain (e.g., Cunningham, Espinet, DeYoung, & Zelazo, 2005; Grimm et al., 2006; Lee et 

al., 2004; Lichtenstein-Vidne, Gabay, Cohen, & Henik, 2016) and in the auditory domain 

(Flores-Gutiérrez et al., 2007; Gagnon & Peretz, 2000; Schmidt & Trainor, 2001), suggest 

that in the (sighted) brain negative emotions are processed preferentially in the right 

hemisphere, whereas positive emotions are processed preferentially in the left hemisphere 

Gamond et al. Page 2

Neuropsychology. Author manuscript; available in PMC 2018 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



(i.e., the valence lateralization hypothesis; for reviews, see Demaree et al., 2005; Harmon-

Jones, Gable, & Peterson, 2010; Wager et al., 2003). Whether the lack of prior visual 

experience also affects the development of specialized hemispheric lateralization in emotion 

processing is not known.

To address this issue, we compared performance in early blind and sighted participants on a 

dichotic listening task in which short emotional vocalizations of positive (i.e., happiness/

laughing) or negative (i.e., sadness/crying) valences were presented independently in each 

ear (for a similar paradigm with a prosodic task, see Grimshaw, Séguin, & Godfrey, 2009). 

In light of previous evidence, we expected that blind individuals would recognize emotions 

as accurately as sighted individuals, if not better (see Iversen et al., 2015; Kitada et al., 2013; 

Klinge et al., 2010). In this scenario, preservation of hemispheric lateralization would 

presuppose that emotion cues garnered from other sensory modalities (e.g., auditory, haptic, 

and olfactory domains) may be sufficient for the specialization of related emotion processing 

brain networks. The absence of hemispheric lateralization (in the presence of a comparable, 

if not better, performance level) would infer that visual experience is not essential to develop 

good emotional recognition skills, but rather is crucial for the development of specialized 

(lateralized) brain networks.

Method

Participants

Sixteen early blind individuals (8 females), mean age 41.4 ± 3.0 years (age range from 21 to 

58 years), mean education level of 13.6 ± 0.9 years, and 16 gender matched sighted control 

participants (8 females), mean age 40.9 ± 2.9 years (age range from 22 to 58 years), mean 

education level of 13.9 ± 0.9 years, took part in the experiment. The two groups did not 

significantly differ in terms of age, t(30) < 1, p = .91, or education level, t(30) < 1, p = .82. 

All the blind participants read Braille, and all participants were right-handed (based on self-

report). All the blind participants were blind due to ocular related causes and were otherwise 

neurologically normal. The blind participants’ characteristics are listed in Table 1. Informed 

consent was obtained from all participants. The study was approved by the local ethical 

committee and the experiment was carried out in accordance to the tenants of the 

Declaration of Helsinki.

Stimuli

Stimuli consisted of emotional vocalizations extracted from the Montreal Affective Voices 

database corresponding to a standardized and validated set of emotional nonlinguistic 

interjections expressing different emotions (Belin, Fillion-Bilodeau, & Gosselin, 2008). 

From this database, we selected happiness and sadness vocalizations (i.e., laughs and cries 

respectively) expressed by 10 different actors (5 males and 5 females). Stimuli were then cut 

into 1 second segments using Audacity audio editing software (http://

www.audacityteam.org/). Four neutral vocalizations (expressed by 2 males and 2 females), 

consisting in an “Ah” vocalization, were also selected and characterized by a very small 

pitch variation (no prosody inclination) and cut in the same way.
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Procedure

Participants wore headphones and were seated comfortably in front of a computer. Sighted 

participants were blindfolded during the entire experiment. We used a dichotic listening 

paradigm similar to that used in prior studies (e.g., Grimshaw et al., 2009), in which 

participants had to detect the presence of a target emotion. In each experimental trial, two 

auditory stimuli were presented dichotically. Specifically, one neutral and one emotional 

stimulus were presented simultaneously. The neutral and emotional stimuli were partially 

masked by surrounding white noise that was presented binaurally to increase task difficulty. 

To determine this experimental protocol, an earlier pilot study was carried out on a different 

group of sighted control participants confirming that detection performance was at ceiling 

levels when emotional and neutral stimuli were presented without the surrounding white 

noise. In the experiment, participants had to indicate as fast as possible whether the target 

emotion was “present” or “absent” (regardless of which ear it was presented) by pressing 

either a left or right key and using their two forefingers. Two experimental blocks were 

carried out; one in which the target emotion was happiness, and the second in which the 

target emotion was sadness. Each experimental block consisted of 80 trials, in which half of 

the target emotion vocalization was present. In target-absent trials of each block, a 

“distracter” emotional vocalization was presented (i.e., sadness for the target-happiness 

block, and happiness for the target-sadness block). Within each block, each emotional 

vocalization (target and distracter) was presented an equal number of times to both the left 

and right ear. The pairs of neutral and emotional stimuli presented in each trial were 

randomly selected with the only constraint that the two vocalizations belonged to the same 

gender voice. Before the main experiment, participants listened to all the auditory stimuli 

binaurally (without white noise), and performed six practice trials to familiarize themselves 

with the task. The order of target-emotion blocks and response key assignment were 

counterbalanced across all participants. The experiment lasted approximately 40 min 

(including debriefing). For the purposes of this experiment, responses given after 5000 ms 

(from the onset of the auditory stimulus) were excluded from further analysis (42 excluded 

trials in total, i.e., less than 1% of total number of trials).

Results

Mean accuracy scores from both groups are reported in Figure 1. The analysis of variance 

(ANOVA) performed on mean accuracy scores revealed no significant main effects of group, 

F(1, 30) < 1, p = .54, ; target emotion, F(1, 30) < 1, p = .70, , and ear, F(1, 30) 

< 1, p = .96, . The three-way interaction group by Target Emotion × Ear was 

significant, F(1, 30) = 5.05, p = .032, . No other interactions reached significance (all 

ps > .09, maximum ). To further characterize this significant three-way interaction, 

we looked at the simple main effects of target emotion and ear within each group of 

participants.

In sighted participants, the ANOVA did not reveal any significant main effect of target 

emotion, F(1, 15) < 1, p = .84, , or ear, F(1, 15) < 1, p = .58, . The interaction 
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Target Emotion × Ear was significant, F(1, 15) = 7.15, p = .017, , indicating that 

sighted participants tended to be better in detecting happiness-target vocalizations when 

presented to the right ear, t(15) = 1.38, p = .093, d = .45, and tended to be better in detecting 

sadness-target vocalizations when they were presented to the left ear, t(15) = 1.428, p = .087, 

d = .46 (see Figure 1). The ANOVA performed on blind participants’ responses revealed no 

significant main effect of target emotion, F(1, 15) < 1, p = .42, , no significant main 

effect of ear, F(1, 15) < 1, p = .50, , and no significant interaction Target Emotion × 

Ear, F(1, 15) < 1, p = .71, .

We also performed a similar ANOVA on signal detection sensitivity (d′) and on the response 

Criterion (C) to look for possible confounding effects of response bias on hemispheric 

sensitivity. As shown in Figure 2a, the pattern of results for d′ was similar as for accuracy 

scores, but the interaction Group × Target Emotion × Ear did not reach significance, F(1, 30) 

= 2.60, p = .12, . None of the main effects or of the other interactions reached 

statistical significance (all ps > .25, maximum ). The lack of significance for the 

three-way interaction is likely to reflect a lack of statistical power rather than an effect of 

response bias. In fact, the ANOVA on C scores did not show significant differences related 

to group or related to ear. The only significant effect when analyzing C was target emotion, 

F(1, 30) = 14.3, p = .001,  (for all other main effects and interactions, ps > .14, 

maximum ). Negative C values arise when false-alarm rate exceeds the miss rate, and 

positive C values when it is lower. As shown in Figure 2b, our participants relied on a more 

conservative response criterion overall when target emotion was Sadness than Happiness.

Analysis performed on mean correct RTs (see Figure 3) revealed a significant main effect of 

group, F(1, 30) = 8.20, p = .008, , suggesting that overall blind participants were 

slower than sighted controls. The main effects of target emotion, F(1, 30) < 1, p = .33, 

, and of ear, F(1, 30) < 1, p = .72, , were not significant. No other interactions 

reached significance (all ps > .20, maximum ). Note that when analyzing RTs for 

incorrect responses the group difference was still there as a trend, independent samples t 
test: t(30) = 1.77, p = .087, d = .62.

Discussion

In this study, we used a dichotic listening task to investigate whether the lack of prior visual 

experience would have an impact on emotion processing and the development of specialized 

hemispheric lateralization. In line with prior evidence (e.g., Flores-Gutiérrez et al., 2007; 

Gagnon & Peretz, 2000; Schmidt & Trainor, 2001), a pattern of valence-dependent 

lateralization emerged in accuracy scores in our sighted participants in which positive 

vocalizations (i.e., laughing) tended to be better detected when presented to the right ear 

(i.e., processed within the left hemisphere) whereas negative vocalizations (i.e., crying) 

tended to be better detected when presented to the left ear (i.e., processed within the right 

hemisphere). In contrast, blind individuals did not show any advantage of one ear over the 
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other, and for either the general condition (i.e., no evidence of any hemispheric dominance 

in emotional processing), or for the specific condition of hemispheric lateralization 

associated with the valence of the emotion presented. Moreover, overall blind individuals 

were significantly slower in responding compared with sighted controls.

Although in our study we did not have a control dichotic listening task sensitive to 

specialized hemispheric lateralization outside the emotional domain, our findings are in line 

with similar evidence in other domains suggesting that blindness may reduce, and in certain 

instances even reverse, the lateralization of perceptual and cognitive functions typically 

observed in sighted individuals (Hertrich, Dietrich, & Ackermann, 2013; Hugdahl et al., 

2004; Kujala et al., 1995; Röder, Rösler, & Neville, 2000). Specifically, for the auditory 

domain, although some neuroimaging studies reported a left-lateralized activation in blind 

individuals during language tasks (Bedny et al., 2011; Amedi, Raz, Pianka, Malach, & 

Zohary, 2003; Burton et al., 2002), other evidence suggests that this may not be the case 

(differences possibly depending on the paradigms and material used). Indeed, blind 

individuals showed a reduced right ear advantage compared with sighted controls in dichotic 

listening tasks (Karavatos, Kaprinis, & Tzavaras, 1984; Larsen & Håkovsen, 1983). Röder 

and colleagues reported less left lateralized responses to language in blind individuals 

(Röder, Stock, Bien, Neville, & Rösler, 2002; Röder et al., 2000), with other groups even 

reporting a reversed lateralization pattern of language functions in the blind (Hertrich et al., 

2013; Hertrich, Dietrich, Moos, Trouvain, & Ackermann, 2009; see also Hugdahl et al., 

2004). A recent study directly comparing language laterality between blind and sighted 

individuals showed reduced laterality throughout frontotemporal language areas as well as in 

occipital cortices recruited for language processing in early blind individuals (Lane et al., 

2017). Finally, in the spatial domain, the right hemisphere seems to be dominant in spatial 

metric tasks in the blind as well (Cattaneo, Fantino, Tinti, Silvanto, & Vecchi, 2010; 

Cattaneo, Fantino, Silvanto, Tinti, & Vecchi, 2011; Cattaneo Fantino, Tinti, et al., 2011; 

Sampaio, Gouarir, & Mvondo, 1995), although there is evidence that blindness affects the 

degree of lateralization in spatial imagery tasks (Bonino et al., 2015) and functional motor-

spatial asymmetries (Nava et al., 2013).

How the lack of normal visual experience prevents the development of lateralized processing 

of emotions remains to be determined. One possibility relates to the intrinsic function of 

brain lateralization and specialization in certain processes (e.g., language). This is generally 

acknowledged to represent an enhancement in brain capacity and cognitive performance in 

both animals and humans (for review and discussion, see Rogers, 2010; Vallortigara & 

Rogers, 2005). In blind individuals, the lack of prior visual experience may alter how 

emotional information is accessed and ultimately processed given that facial and body 

expressions are typically perceived through the visual domain. In particular, the lack of 

visual experience related to the perception of face stimuli, known to be processed 

preferentially by a right-lateralized complex network of cortical and subcortical areas (e.g., 

Haxby, Hoffman, & Gobbini, 2000; Rossion, 2014), may ultimately have an impact on the 

development of specialized lateralization for emotion processing. In fact, recent evidence 

suggests that the often observed right-hemispheric dominance in processing facial emotional 

expressions may indeed depend on the right-lateralized network for face processing (Worley 

& Boles, 2016). In this regard, it is interesting that individuals who show developmental 
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delays associated with autism spectrum disorder (and whose prevalence is particularly high 

in blind children, Jure, Pogonza, & Rapin, 2016) also present abnormal hemispheric 

lateralization in different tasks (Floris et al., 2016; Herringshaw, Ammons, DeRamus, & 

Kana, 2016; but see Baker, Montgomery, & Abramson, 2010), including atypical 

hemispheric specialization for faces (Keehn, Vogel-Farley, Tager-Flusberg, & Nelson, 2015).

Another, nonexclusive, possibility is that the lack of emotion lateralization observed in blind 

individuals may depend on a generic lack of lateralized specialization in auditory 

processing. Indeed, Coullon, Jiang, Fine, Watkins, and Bridge. (2015) have recently 

observed that the auditory cortex and the thalamus in blind individuals show equivalent 

responses to contralateral and ipsilateral verbal and musical stimulation (contrasting with the 

contralateral bias observed in sighted individuals). However, this interpretation would not 

account for prior results reporting a reverse lateralization pattern in processing linguistic 

material in blind individuals (Hertrich et al., 2013). Testing profoundly blind individuals 

who lost their vision later in life (and thus have prior visual experience and memoires) may 

help disentangle this issue. In fact, prior evidence suggests that acquired blindness may lead 

to different compensatory changes at the behavioral and neural level compared with early 

visual deprivation (Cattaneo, Vecchi, Monegato, Pece, & Cornoldi, 2007; Monegato, 

Cattaneo, Pece, & Vecchi, 2007; Shi et al., 2015; Voss, Pike, & Zatorre, 2014). In this 

respect, an interesting issue that deserves further consideration is whether a similar level of 

accuracy (despite lack of lateralization) is made possible by the recruitment of visual 

cortices in the blind during emotional processing. Although Lane et al. (2017) observed no 

correlation between the amount of visual cortical activation by language tasks and reduced 

lateralization in the frontotemporal network, whether occipital crossmodal plasticity and 

reduced lateralization occur via different mechanisms is an important question that deserves 

further investigation.

It should also be acknowledged that prior studies in sighted individuals also failed to 

consistently report a pattern of hemispheric lateralization related to the valence of auditory 

presented emotional stimuli. However, as mentioned earlier these inconsistent results may 

depend on the different paradigms and materials used (see Kotz, Meyer, & Paulmann, 2006; 

Rodway & Schepman, 2007, for examples and discussion). For instance, it has been 

suggested that valence-specific effects may be evident only for difficult and subtle 

discrimination of emotions (Jansari, Tranel, & Adolphs, 2000). Moreover, the use of a 

blocked paradigm, in which target emotions were presented in separate blocks rather than 

intermixed, may have also favored the appearance of lateralization effects (see also Cattaneo 

et al., 2014; Schepman, Rodway, & Geddes, 2012), by allowing for a (relative) long term 

focus on one specific emotion.

Analysis on detection sensitivity resembled the pattern observed with accuracy (but note that 

in this case the effects did not reach significance, likely because of a lack of statistical 

power). This analysis also revealed a general tendency (across sighted and blind subjects) to 

be more liberal in responding to happiness targets, in line with prior evidence showing 

attentional and perceptual biases toward positive stimuli (e.g., Pool, Brosch, Delplanque, & 

Sander, 2015). The similar level of accuracy achieved by blind and sighted individuals is in 

line with prior studies showing accurate emotion discrimination capacities in the early blind 
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(Iversen et al., 2015; Klinge et al., 2010) and in a related domain, comparable performance 

in Theory of Mind tasks (Bedny, Pascual-Leone, & Saxe, 2009, 2013). Although blind 

participants in this study did not show any impairment or enhancement in emotion detection 

accuracy, they did show a comparatively slower reaction time (RT) in responding (across all 

trials). Prolonged response latencies in the blind in our study are unlikely to reflect selective 

difficulties in auditory (emotional) processing. Indeed, in prior studies blind individuals 

showed faster processing of auditory stimuli (e.g., Collignon & De Volder, 2009; Elbert et 

al., 2002; Jafari & Malayeri, 2014; Röder, Rösler, Hennighausen, & Näcker, 1996, 1999; 

Stevens & Weaver, 2005), even in tasks of auditory emotional discrimination (Klinge et al., 

2010). It may be that the type of response required (i.e., multiple key pressing) was 

unfamiliar to our group of blind participants thus contributing to observed slower response 

times (but see Stevens & Weaver, 2005; Klinge et al., 2010). Future studies manipulating 

stimuli and task design may shed further light on this issue.

In interpreting our results, sample characteristics deserves consideration. Although the 

number of our early blind participants (N = 16) is in line with prior literature, our sample 

size was relatively small, this possibly reducing statistical power. Notwithstanding this 

limitation, whereas the significant difference between ears in emotion recognition reported 

in our sighted participants was expected in light of prior evidence (Flores-Gutiérrez et al., 

2007; Gagnon & Peretz, 2000; Schmidt & Trainor, 2001), the lack of lateralization in our 

blind individuals is unlikely to depend on insufficient power since the interaction emotion by 

ear was in fact quite far from significance (p = .71). Moreover, one may question whether 

our sample was representative of blind individuals in general. In fact, our blind participants 

had on average a highschool degree (consider that the national policy tends to encourage 

people with disabilities to remain in the educational system beyond compulsory schooling), 

and they all attended the local blind union’s activities on a regular basis. This is typically the 

case of blind individuals enrolled in psychology research (at least in Western countries) that 

are usually recruited via local blind associations and thus tend to have good educational 

level. In this respect, they are unlikely to be representative of the whole population (note 

though that this may reflect a more general bias in psychology research sampling, e.g., 

Henrich, Heine, & Norenzayan, 2010). Nonetheless, it is worth noting that if level of 

education is known to affect cognitive performance (e.g., Ceci, 1991; Le Carret et al., 2003), 

it is not clear at this time how this factor would ultimately impact the recognition of basic 

emotional vocalizations (e.g., Kirouac & Dore, 1985). This is also suggested by the finding 

that children as young as 5 years are able to make fine distinctions between vocal-emotional 

signals (Sauter, Panattoni, & Happé, 2013).

In sum, our results suggest that specialized hemispheric lateralization implicated in the 

processing of different valenced emotions may depend on an intact visual experience. 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. These studies are likely to shed 

further light on the compensatory mechanisms observed in blind individuals to perceive the 

emotional world around them in the absence of visual experience.

Gamond et al. Page 8

Neuropsychology. Author manuscript; available in PMC 2018 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Acknowledgments

We thank Carlo Toneatto for his assistance in paradigm implementation, and Francesca Parolo for help in testing. 
We thank all the blind participants who volunteered to take part in this study, and in particular the Blind Unions of 
Udine, Monza and Milano for helping with the recruitment of study participants. This work was supported by a 
Fund for Investments on basic Research (FIRB), Italian Ministry of Education, University and Research 
(RBFR12F0BD) to Zaira Cattaneo.

References

Altenmüller, E.Schmidt, S., Zimmermann, E., editors. The evolution of emotional communication: 
From sounds in nonhuman mammals to speech and music in man. New York, NY: Oxford 
University Press; 2013. 

Amedi A, Raz N, Pianka P, Malach R, Zohary E. Early “visual” cortex activation correlates with 
superior verbal memory performance in the blind. Nature Neuroscience. 2003; 6:758–766. http://
dx.doi.org/10.1038/nn1072. [PubMed: 12808458] 

Baker KF, Montgomery AA, Abramson R. Brief report: Perception and lateralization of spoken 
emotion by youths with high-functioning forms of autism. Journal of Autism and Developmental 
Disorders. 2010; 40:123–129. http://dx.doi.org/10.1007/s10803-009-0841-1. [PubMed: 19653088] 

Bedny M, Pascual-Leone A, Dodell-Feder D, Fedorenko E, Saxe R. Language processing in the 
occipital cortex of congenitally blind adults. Proceedings of the National Academy of Sciences of 
the United States of America. 2011; 108:4429–4434. http://dx.doi.org/10.1073/pnas.1014818108. 
[PubMed: 21368161] 

Bedny M, Pascual-Leone A, Saxe RR. Growing up blind does not change the neural bases of theory of 
mind. Proceedings of the National Academy of Sciences of the United States of America. 2009; 
106:11312–11317. http://dx.doi.org/10.1073/pnas.0900010106. [PubMed: 19553210] 

Bedny M, Pascual-Leone A, Saxe RR. Correction to Growing up blind does not change the neural 
bases of theory of mind. Proceedings of the National Academy of Sciences of the United States of 
America. 2013; 110:3198. http://dx.doi.org/10.1073/pnas.1221828110. 

Belin P, Fillion-Bilodeau S, Gosselin F. The Montreal Affective Voices: A validated set of nonverbal 
affect bursts for research on auditory affective processing. Behavior Research Methods. 2008; 
40:531–539. http://dx.doi.org/10.3758/BRM.40.2.531. [PubMed: 18522064] 

Belyk M, Brown S. Perception of affective and linguistic prosody: An ALE meta-analysis of 
neuroimaging studies. Social Cognitive and Affective Neuroscience. 2014; 9:1395–1403. http://
dx.doi.org/10.1093/scan/nst124. [PubMed: 23934416] 

Bonino D, Ricciardi E, Bernardi G, Sani L, Gentili C, Vecchi T, Pietrini P. Spatial imagery relies on a 
sensory independent, though sensory sensitive, functional organization within the parietal cortex: A 
fMRI study of angle discrimination in sighted and congenitally blind individuals. 
Neuropsychologia. 2015; 68:59–70. http://dx.doi.org/10.1016/j.neuropsychologia.2015.01.004. 
[PubMed: 25575449] 

Burton H, Snyder AZ, Conturo TE, Akbudak E, Ollinger JM, Raichle ME. Adaptive changes in early 
and late blind: A fMRI study of Braille reading. Journal of Neurophysiology. 2002; 87:589–607. 
[PubMed: 11784773] 

Cattaneo Z, Fantino M, Silvanto J, Tinti C, Vecchi T. Blind individuals show pseudoneglect in 
bisecting numerical intervals. Attention, Perception, & Psychophysics. 2011; 73:1021–1028. 
http://dx.doi.org/10.3758/s13414-011-0094-x. 

Cattaneo Z, Fantino M, Tinti C, Pascual-Leone A, Silvanto J, Vecchi T. Spatial biases in peripersonal 
space in sighted and blind individuals revealed by a haptic line bisection paradigm. Journal of 
Experimental Psychology: Human Perception and Performance. 2011; 37:1110–1121. http://
dx.doi.org/10.1037/a0023511. [PubMed: 21517214] 

Cattaneo Z, Fantino M, Tinti C, Silvanto J, Vecchi T. Crossmodal interaction between the mental 
number line and peripersonal haptic space representation in sighted and blind individuals. 
Attention, Perception, & Psychophysics. 2010; 72:885–890. http://dx.doi.org/10.3758/APP.
72.4.885. 

Gamond et al. Page 9

Neuropsychology. Author manuscript; available in PMC 2018 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1038/nn1072
http://dx.doi.org/10.1038/nn1072
http://dx.doi.org/10.1007/s10803-009-0841-1
http://dx.doi.org/10.1073/pnas.1014818108
http://dx.doi.org/10.1073/pnas.0900010106
http://dx.doi.org/10.1073/pnas.1221828110
http://dx.doi.org/10.3758/BRM.40.2.531
http://dx.doi.org/10.1093/scan/nst124
http://dx.doi.org/10.1093/scan/nst124
http://dx.doi.org/10.1016/j.neuropsychologia.2015.01.004
http://dx.doi.org/10.3758/s13414-011-0094-x
http://dx.doi.org/10.1037/a0023511
http://dx.doi.org/10.1037/a0023511
http://dx.doi.org/10.3758/APP.72.4.885
http://dx.doi.org/10.3758/APP.72.4.885


Cattaneo Z, Lega C, Boehringer J, Gallucci M, Girelli L, Carbon C-C. Happiness takes you right: The 
effect of emotional stimuli on line bisection. Cognition and Emotion. 2014; 28:325–344. http://
dx.doi.org/10.1080/02699931.2013.824871. [PubMed: 23962349] 

Cattaneo Z, Vecchi T, Cornoldi C, Mammarella I, Bonino D, Ricciardi E, Pietrini P. Imagery and 
spatial processes in blindness and visual impairment. Neuroscience and Biobehavioral Reviews. 
2008; 32:1346–1360. http://dx.doi.org/10.1016/j.neubiorev.2008.05.002. [PubMed: 18571726] 

Cattaneo Z, Vecchi T, Monegato M, Pece A, Cornoldi C. Effects of late visual impairment on mental 
representations activated by visual and tactile stimuli. Brain Research. 2007; 1148:170–176. http://
dx.doi.org/10.1016/j.brainres.2007.02.033. [PubMed: 17368576] 

Ceci SJ. How much does schooling influence general intelligence and its cognitive components? A 
reassessment of the evidence. Developmental Psychology. 1991; 27:703–722. http://dx.doi.org/
10.1037/0012-1649.27.5.703. 

Collignon O, De Volder AG. Further evidence that congenitally blind participants react faster to 
auditory and tactile spatial targets. Canadian Journal of Experimental Psychology/Revue 
Canadienne de Psychologie Expérimentale. 2009; 63:287–293. http://dx.doi.org/10.1037/
a0015415. [PubMed: 20025387] 

Coullon GS, Jiang F, Fine I, Watkins KE, Bridge H. Subcortical functional reorganization due to early 
blindness. Journal of Neurophysiology. 2015; 113:2889–2899. http://dx.doi.org/10.1152/jn.
01031.2014. [PubMed: 25673746] 

Cunningham WA, Espinet SD, DeYoung CG, Zelazo PD. Attitudes to the right- and left: Frontal ERP 
asymmetries associated with stimulus valence and processing goals. NeuroImage. 2005; 28:827–
834. http://dx.doi.org/10.1016/j.neuroimage.2005.04.044. [PubMed: 16039143] 

de Gelder B, de Borst AW, Watson R. The perception of emotion in body expressions. WIREs: 
Cognitive Science. 2015; 6:149–158. http://dx.doi.org/10.1002/wcs.1335. [PubMed: 26263069] 

de Gelder B, Van den Stock J, Meeren HK, Sinke CB, Kret ME, Tamietto M. Standing up for the body. 
Recent progress in uncovering the networks involved in the perception of bodies and bodily 
expressions. Neuroscience and Biobehavioral Reviews. 2010; 34:513–527. http://dx.doi.org/
10.1016/j.neubiorev.2009.10.008. [PubMed: 19857515] 

Demaree HA, Everhart DE, Youngstrom EA, Harrison DW. Brain lateralization of emotional 
processing: Historical roots and a future incorporating “dominance”. Behavioral and Cognitive 
Neuroscience Reviews. 2005; 4:3–20. http://dx.doi.org/10.1177/1534582305276837. [PubMed: 
15886400] 

Elbert T, Sterr A, Rockstroh B, Pantev C, Müller MM, Taub E. Expansion of the tonotopic area in the 
auditory cortex of the blind. The Journal of Neuroscience. 2002; 22:9941–9944. [PubMed: 
12427851] 

Flores-Gutiérrez EO, Díaz J-L, Barrios FA, Favila-Humara R, Guevara MÁ, del Río-Portilla Y, Corsi-
Cabrera M. Metabolic and electric brain patterns during pleasant and unpleasant emotions induced 
by music masterpieces. International Journal of Psychophysiology. 2007; 65:69–84. http://
dx.doi.org/10.1016/j.ijpsycho.2007.03.004. [PubMed: 17466401] 

Floris DL, Lai MC, Auer T, Lombardo MV, Ecker C, Chakrabarti B. the MRC AIMS Consortium. 
Atypically rightward cerebral asymmetry in male adults with autism stratifies individuals with and 
without language delay. Human Brain Mapping. 2016; 37:230–253. http://dx.doi.org/10.1002/
hbm.23023. [PubMed: 26493275] 

Gagnon L, Peretz I. Laterality effects in processing tonal and atonal melodies with affective and 
nonaffective task instructions. Brain and Cognition. 2000; 43:206–210. [PubMed: 10857695] 

Grimm S, Schmidt CF, Bermpohl F, Heinzel A, Dahlem Y, Wyss M, Northoff G. Segregated neural 
representation of distinct emotion dimensions in the prefrontal cortex-an fMRI study. NeuroImage. 
2006; 30:325–340. http://dx.doi.org/10.1016/j.neuroimage.2005.09.006. [PubMed: 16230029] 

Grimshaw GM, Séguin JA, Godfrey HK. Once more with feeling: The effects of emotional prosody on 
hemispheric specialisation for linguistic processing. Journal of Neurolinguistics. 2009; 22:313–
326. http://dx.doi.org/10.1016/j.jneuroling.2008.10.005. 

Harmon-Jones E, Gable PA, Peterson CK. The role of asymmetric frontal cortical activity in emotion-
related phenomena: A review and update. Biological Psychology. 2010; 84:451–462. http://
dx.doi.org/10.1016/j.biopsycho.2009.08.010. [PubMed: 19733618] 

Gamond et al. Page 10

Neuropsychology. Author manuscript; available in PMC 2018 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1080/02699931.2013.824871
http://dx.doi.org/10.1080/02699931.2013.824871
http://dx.doi.org/10.1016/j.neubiorev.2008.05.002
http://dx.doi.org/10.1016/j.brainres.2007.02.033
http://dx.doi.org/10.1016/j.brainres.2007.02.033
http://dx.doi.org/10.1037/0012-1649.27.5.703
http://dx.doi.org/10.1037/0012-1649.27.5.703
http://dx.doi.org/10.1037/a0015415
http://dx.doi.org/10.1037/a0015415
http://dx.doi.org/10.1152/jn.01031.2014
http://dx.doi.org/10.1152/jn.01031.2014
http://dx.doi.org/10.1016/j.neuroimage.2005.04.044
http://dx.doi.org/10.1002/wcs.1335
http://dx.doi.org/10.1016/j.neubiorev.2009.10.008
http://dx.doi.org/10.1016/j.neubiorev.2009.10.008
http://dx.doi.org/10.1177/1534582305276837
http://dx.doi.org/10.1016/j.ijpsycho.2007.03.004
http://dx.doi.org/10.1016/j.ijpsycho.2007.03.004
http://dx.doi.org/10.1002/hbm.23023
http://dx.doi.org/10.1002/hbm.23023
http://dx.doi.org/10.1016/j.neuroimage.2005.09.006
http://dx.doi.org/10.1016/j.jneuroling.2008.10.005
http://dx.doi.org/10.1016/j.biopsycho.2009.08.010
http://dx.doi.org/10.1016/j.biopsycho.2009.08.010


Hasson U, Andric M, Atilgan H, Collignon O. Congenital blindness is associated with large-scale 
reorganization of anatomical networks. NeuroImage. 2016; 128:362–372. http://dx.doi.org/
10.1016/j.neuroimage.2015.12.048. [PubMed: 26767944] 

Haxby JV, Hoffman EA, Gobbini MI. The distributed human neural system for face perception. Trends 
in Cognitive Sciences. 2000; 4:223–233. http://dx.doi.org/10.1016/S1364-6613(00)01482-0. 
[PubMed: 10827445] 

Henrich J, Heine SJ, Norenzayan A. The weirdest people in the world? Behavioral and Brain Sciences. 
2010; 33:61–83. http://dx.doi.org/10.1017/S0140525X0999152X. [PubMed: 20550733] 

Herringshaw AJ, Ammons CJ, DeRamus TP, Kana RK. Hemispheric differences in language 
processing in autism spectrum disorders: A meta-analysis of neuroimaging studies. Autism 
Research. 2016; 9:1046–1057. http://dx.doi.org/10.1002/aur.1599. [PubMed: 26751141] 

Hertrich I, Dietrich S, Ackermann H. Tracking the speech signal—Time-locked MEG signals during 
perception of ultra-fast and moderately fast speech in blind and in sighted listeners. Brain and 
Language. 2013; 124:9–21. http://dx.doi.org/10.1016/j.bandl.2012.10.006. [PubMed: 23332808] 

Hertrich I, Dietrich S, Moos A, Trouvain J, Ackermann H. Enhanced speech perception capabilities in 
a blind listener are associated with activation of fusiform gyrus and primary visual cortex. 
Neurocase. 2009; 15:163–170. http://dx.doi.org/10.1080/13554790802709054. [PubMed: 
19241219] 

Horstmann G. What do facial expressions convey: Feeling states, behavioral intentions, or action 
requests? Emotion. 2003; 3:150–166. http://dx.doi.org/10.1037/1528-3542.3.2.150. [PubMed: 
12899416] 

Hugdahl K, Ek M, Takio F, Rintee T, Tuomainen J, Haarala C, Hämäläinen H. Blind individuals show 
enhanced perceptual and attentional sensitivity for identification of speech sounds. Cognitive Brain 
Research. 2004; 19:28–32. http://dx.doi.org/10.1016/j.cogbrainres.2003.10.015. [PubMed: 
14972355] 

Iversen KD, Ptito M, Møller P, Kupers R. Enhanced chemosensory detection of negative emotions in 
congenital blindness. Neural Plasticity. 2015; 2015:469750. http://dx.doi.org/
10.1155/2015/469750. [PubMed: 25878902] 

Jafari Z, Malayeri S. Effects of congenital blindness on the subcortical representation of speech cues. 
Neuroscience. 2014; 258:401–409. http://dx.doi.org/10.1016/j.neuroscience.2013.11.027. 
[PubMed: 24291729] 

Jansari A, Tranel D, Adolphs R. A valence-specific lateral bias for discriminating emotional facial 
expressions in free field. Cognition and Emotion. 2000; 14:341–353. http://dx.doi.org/
10.1080/026999300378860. 

Jure R, Pogonza R, Rapin I. Autism spectrum disorders (ASD) in blind children: Very high prevalence, 
potentially better outlook. Journal of Autism and Developmental Disorders. 2016; 46:749–759. 
http://dx.doi.org/10.1007/s10803-015-2612-5. [PubMed: 26408327] 

Karavatos A, Kaprinis G, Tzavaras A. Hemispheric specialization for language in the congenitally 
blind: The influence of the Braille system. Neuropsychologia. 1984; 22:521–525. http://dx.doi.org/
10.1016/0028-3932(84)90048-4. [PubMed: 6483180] 

Keehn B, Vogel-Farley V, Tager-Flusberg H, Nelson CA. Atypical hemispheric specialization for faces 
in infants at risk for autism spectrum disorder. Autism Research. 2015; 8:187–198. http://
dx.doi.org/10.1002/aur.1438. [PubMed: 25808162] 

Kirouac G, Dore FY. Accuracy of the judgment of facial expression of emotions as a function of sex 
and level of education. Journal of Nonverbal Behavior. 1985; 9:3–7. http://dx.doi.org/10.1007/
BF00987555. 

Kitada R, Okamoto Y, Sasaki AT, Kochiyama T, Miyahara M, Lederman SJ, Sadato N. Early visual 
experience and the recognition of basic facial expressions: Involvement of the middle temporal and 
inferior frontal gyri during haptic identification by the early blind. Frontiers in Human 
Neuroscience. 2013; 7:7. [PubMed: 23372547] 

Klinge C, Röder B, Büchel C. Increased amygdala activation to emotional auditory stimuli in the blind. 
Brain: A Journal of Neurology. 2010; 133:729–1736. http://dx.doi.org/10.1093/brain/awq102. 

Gamond et al. Page 11

Neuropsychology. Author manuscript; available in PMC 2018 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1016/j.neuroimage.2015.12.048
http://dx.doi.org/10.1016/j.neuroimage.2015.12.048
http://dx.doi.org/10.1016/S1364-6613(00)01482-0
http://dx.doi.org/10.1017/S0140525X0999152X
http://dx.doi.org/10.1002/aur.1599
http://dx.doi.org/10.1016/j.bandl.2012.10.006
http://dx.doi.org/10.1080/13554790802709054
http://dx.doi.org/10.1037/1528-3542.3.2.150
http://dx.doi.org/10.1016/j.cogbrainres.2003.10.015
http://dx.doi.org/10.1155/2015/469750
http://dx.doi.org/10.1155/2015/469750
http://dx.doi.org/10.1016/j.neuroscience.2013.11.027
http://dx.doi.org/10.1080/026999300378860
http://dx.doi.org/10.1080/026999300378860
http://dx.doi.org/10.1007/s10803-015-2612-5
http://dx.doi.org/10.1016/0028-3932(84)90048-4
http://dx.doi.org/10.1016/0028-3932(84)90048-4
http://dx.doi.org/10.1002/aur.1438
http://dx.doi.org/10.1002/aur.1438
http://dx.doi.org/10.1007/BF00987555
http://dx.doi.org/10.1007/BF00987555
http://dx.doi.org/10.1093/brain/awq102


Kotz SA, Meyer M, Paulmann S. Lateralization of emotional prosody in the brain: An overview and 
synopsis on the impact of study design. Progress in Brain Research. 2006; 156:285–294. http://
dx.doi.org/10.1016/S0079-6123(06)56015-7. [PubMed: 17015086] 

Kujala T, Alho K, Kekoni J, Hämäläinen H, Reinikainen K, Salonen O, Näätänen R. Auditory and 
somatosensory event-related brain potentials in early blind humans. Experimental Brain Research. 
1995; 104:519–526. http://dx.doi.org/10.1007/BF00231986. [PubMed: 7589303] 

Lane C, Kanjlia S, Richardson H, Fulton A, Omaki A, Bedny M. Reduced left lateralization of 
language in congenitally blind individuals. Journal of Cognitive Neuroscience. 2017; 29:65–78. 
http://dx.doi.org/10.1162/jocn_a_01045. [PubMed: 27647280] 

Larsen S, Håkonsen K. Absence of ear asymmetry in blind children on a dichotic listening task 
compared with sighted controls. Brain and Language. 1983; 18:192–198. http://dx.doi.org/
10.1016/0093-934X(83)90014-7. [PubMed: 6839138] 

Le Carret N, Lafont S, Letenneur L, Dartigues J-F, Mayo W, Fabrigoule C. The effect of education on 
cognitive performances and its implication for the constitution of the cognitive reserve. 
Developmental Neuropsychology. 2003; 23:317–337. http://dx.doi.org/10.1207/
S15326942DN2303_1. [PubMed: 12740188] 

Lee GP, Meador KJ, Loring DW, Allison JD, Brown WS, Paul LK, Lavin TB. Neural substrates of 
emotion as revealed by functional magnetic resonance imaging. Cognitive and Behavioral 
Neurology. 2004; 17:9–17. http://dx.doi.org/10.1097/00146965-200403000-00002. [PubMed: 
15209221] 

Lichtenstein-Vidne, L., Gabay, S., Cohen, N., Henik, A. Lateralisation of emotions: Evidence from 
pupil size measurement; Cognition and Emotion. 2016. p. 1-13.http://dx.doi.org/
10.1080/02699931.2016.1164668

Monegato M, Cattaneo Z, Pece A, Vecchi T. Comparing the effects of congenital and late visual 
impairments on visuospatial mental abilities. Journal of Visual Impairment & Blindness. 2007; 
101:278–295.

Nava E, Güntürkün O, Röder B. Experience-dependent emergence of functional asymmetries. 
Laterality: Asymmetries of Body, Brain, and Cognition. 2013; 18:407–415. http://dx.doi.org/
10.1080/1357650X.2012.697170. 

Pool E, Brosch T, Delplanque S, Sander D. Attentional bias for positive emotional stimuli: A meta-
analytic investigation. Psychological Bulletin. 2016; 142:79–106. http://dx.doi.org/10.1037/
bul0000026. [PubMed: 26390266] 

Ricciardi E, Bonino D, Pellegrini S, Pietrini P. Mind the blind brain to understand the sighted one! Is 
there a supramodal cortical functional architecture? Neuroscience and Biobehavioral Reviews. 
2014; 41:64–77. http://dx.doi.org/10.1016/j.neubiorev.2013.10.006. [PubMed: 24157726] 

Röder B, Rösler F, Hennighausen E, Näcker F. Event-related potentials during auditory and 
somatosensory discrimination in sighted and blind human subjects. Cognitive Brain Research. 
1996; 4:77–93. http://dx.doi.org/10.1016/0926-6410(96)00024-9. [PubMed: 8883921] 

Röder B, Rösler F, Neville HJ. Effects of interstimulus interval on auditory event-related potentials in 
congenitally blind and normally sighted humans. Neuroscience Letters. 1999; 264:53–56. http://
dx.doi.org/10.1016/S0304-3940(99)00182-2. [PubMed: 10320012] 

Röder B, Rösler F, Neville HJ. Event-related potentials during auditory language processing in 
congenitally blind and sighted people. Neuropsychologia. 2000; 38:1482–1502. http://dx.doi.org/
10.1016/S0028-3932(00)00057-9. [PubMed: 10906374] 

Röder B, Stock O, Bien S, Neville H, Rösler F. Speech processing activates visual cortex in 
congenitally blind humans. The European Journal of Neuroscience. 2002; 16:930–936. http://
dx.doi.org/10.1046/j.1460-9568.2002.02147.x. [PubMed: 12372029] 

Rodway P, Schepman A. Valence specific laterality effects in prosody: Expectancy account and the 
effects of morphed prosody and stimulus lead. Brain and Cognition. 2007; 63:31–41. http://
dx.doi.org/10.1016/j.bandc.2006.07.008. [PubMed: 16950551] 

Rogers LJ. Relevance of brain and behavioural lateralization to animal welfare. Applied Animal 
Behaviour Science. 2010; 127:1–11. http://dx.doi.org/10.1016/j.applanim.2010.06.008. 

Rossion B. Understanding face perception by means of human electrophysiology. Trends in Cognitive 
Sciences. 2014; 18:310–318. http://dx.doi.org/10.1016/j.tics.2014.02.013. [PubMed: 24703600] 

Gamond et al. Page 12

Neuropsychology. Author manuscript; available in PMC 2018 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1016/S0079-6123(06)56015-7
http://dx.doi.org/10.1016/S0079-6123(06)56015-7
http://dx.doi.org/10.1007/BF00231986
http://dx.doi.org/10.1162/jocn_a_01045
http://dx.doi.org/10.1016/0093-934X(83)90014-7
http://dx.doi.org/10.1016/0093-934X(83)90014-7
http://dx.doi.org/10.1207/S15326942DN2303_1
http://dx.doi.org/10.1207/S15326942DN2303_1
http://dx.doi.org/10.1097/00146965-200403000-00002
http://dx.doi.org/10.1080/02699931.2016.1164668
http://dx.doi.org/10.1080/02699931.2016.1164668
http://dx.doi.org/10.1080/1357650X.2012.697170
http://dx.doi.org/10.1080/1357650X.2012.697170
http://dx.doi.org/10.1037/bul0000026
http://dx.doi.org/10.1037/bul0000026
http://dx.doi.org/10.1016/j.neubiorev.2013.10.006
http://dx.doi.org/10.1016/0926-6410(96)00024-9
http://dx.doi.org/10.1016/S0304-3940(99)00182-2
http://dx.doi.org/10.1016/S0304-3940(99)00182-2
http://dx.doi.org/10.1016/S0028-3932(00)00057-9
http://dx.doi.org/10.1016/S0028-3932(00)00057-9
http://dx.doi.org/10.1046/j.1460-9568.2002.02147.x
http://dx.doi.org/10.1046/j.1460-9568.2002.02147.x
http://dx.doi.org/10.1016/j.bandc.2006.07.008
http://dx.doi.org/10.1016/j.bandc.2006.07.008
http://dx.doi.org/10.1016/j.applanim.2010.06.008
http://dx.doi.org/10.1016/j.tics.2014.02.013


Sampaio E, Gouarir C, Mvondo DM. Tactile and visual bisection tasks by sighted and blind children. 
Developmental Neuropsychology. 1995; 11:109–127. http://dx.doi.org/
10.1080/87565649509540607. 

Sauter DA, Panattoni C, Happé F. Children’s recognition of emotions from vocal cues. British Journal 
of Developmental Psychology. 2013; 31:97–113. http://dx.doi.org/10.1111/j.2044-835X.
2012.02081.x. [PubMed: 23331109] 

Schepman A, Rodway P, Geddes P. Valence-specific laterality effects in vocal emotion: Interactions 
with stimulus type, blocking and sex. Brain and Cognition. 2012; 79:129–137. http://dx.doi.org/
10.1016/j.bandc.2012.03.001. [PubMed: 22481230] 

Schmidt LA, Trainor LJ. Frontal brain electrical activity (EEG) distinguishes valence and intensity of 
musical emotions. Cognition and Emotion. 2001; 15:487–500. http://dx.doi.org/
10.1080/02699930126048. 

Shi J, Collignon O, Xu L, Wang G, Kang Y, Leporé F, Wang Y. Impact of early and late visual 
deprivation on the structure of the corpus callosum: A study combining thickness profile with 
surface tensor-based morphometry. Neuroinformatics. 2015; 13:321–336. http://dx.doi.org/
10.1007/s12021-014-9259-9. [PubMed: 25649876] 

Stevens AA, Weaver K. Auditory perceptual consolidation in early-onset blindness. Neuropsychologia. 
2005; 43:1901–1910. http://dx.doi.org/10.1016/j.neuropsychologia.2005.03.007. [PubMed: 
15869766] 

Vallortigara G, Rogers LJ. Survival with an asymmetrical brain: Advantages and disadvantages of 
cerebral lateralization. Behavioral and Brain Sciences. 2005; 28:575–589. http://dx.doi.org/
10.1017/S0140525X05000105. [PubMed: 16209828] 

Voss P, Pike BG, Zatorre RJ. Evidence for both compensatory plastic and disuse atrophy-related 
neuroanatomical changes in the blind. Brain: A Journal of Neurology. 2014; 137:1224–1240. 
http://dx.doi.org/10.1093/brain/awu030. [PubMed: 24648057] 

Voss P, Zatorre RJ. Early visual deprivation changes cortical anatomical covariance in dorsal-stream 
structures. NeuroImage. 2015; 108:194–202. http://dx.doi.org/10.1016/j.neuroimage.2014.12.063. 
[PubMed: 25562825] 

Wager TD, Phan KL, Liberzon I, Taylor SF. Valence, gender, and lateralization of functional brain 
anatomy in emotion: A meta-analysis of findings from neuroimaging. NeuroImage. 2003; 19:513–
531. http://dx.doi.org/10.1016/S1053-8119(03)00078-8. [PubMed: 12880784] 

Wood A, Rychlowska M, Korb S, Niedenthal P. Fashioning the face: Sensorimotor simulation 
contributes to facial expression recognition. Trends in Cognitive Sciences. 2016; 20:227–240. 
http://dx.doi.org/10.1016/j.tics.2015.12.010. [PubMed: 26876363] 

Worley MM, Boles DB. The face is the thing: Faces, not emotions, are responsible for chimeric 
perceptual asymmetry. Laterality: Asymmetries of Body, Brain, and Cognition. 2016; 21:672–688. 
http://dx.doi.org/10.1080/1357650X.2015.1136319. 

Gamond et al. Page 13

Neuropsychology. Author manuscript; available in PMC 2018 January 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1080/87565649509540607
http://dx.doi.org/10.1080/87565649509540607
http://dx.doi.org/10.1111/j.2044-835X.2012.02081.x
http://dx.doi.org/10.1111/j.2044-835X.2012.02081.x
http://dx.doi.org/10.1016/j.bandc.2012.03.001
http://dx.doi.org/10.1016/j.bandc.2012.03.001
http://dx.doi.org/10.1080/02699930126048
http://dx.doi.org/10.1080/02699930126048
http://dx.doi.org/10.1007/s12021-014-9259-9
http://dx.doi.org/10.1007/s12021-014-9259-9
http://dx.doi.org/10.1016/j.neuropsychologia.2005.03.007
http://dx.doi.org/10.1017/S0140525X05000105
http://dx.doi.org/10.1017/S0140525X05000105
http://dx.doi.org/10.1093/brain/awu030
http://dx.doi.org/10.1016/j.neuroimage.2014.12.063
http://dx.doi.org/10.1016/S1053-8119(03)00078-8
http://dx.doi.org/10.1016/j.tics.2015.12.010
http://dx.doi.org/10.1080/1357650X.2015.1136319


General Scientific Summary

Many human capacities, including the capacity to recognize emotions, involve the left 

and right brain hemisphere to a different extent. Here we show that lateralization in 

emotional processing may depend on having a normal visual experience: blind 

individuals are good in recognizing emotions, but their brain uses different processes to 

sustain this capacity.
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Figure 1. 
Mean accuracy scores in sighted and blind participants. Sighted participants tended to be 

better in detecting target-happy vocalizations when presented to the right ear, and target-sad 

vocalizations when presented to the left ear. No pattern of lateralization emerged in blind 

participants.
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Figure 2. 
d′ (A) and response Criterion (B) scores for sighted and blind participants in the different 

experimental conditions. The pattern of d′ scores resembles that found when analyzing 

accuracy scores (although with d′ there is only a nonsignificant trend showing difference in 

emotional valence lateralization in the sighted). Overall, participants were more conservative 

in responding when the target emotion was sadness than happiness.
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Figure 3. 
Mean correct RTs in sighted and blind participants. Error bars depict ±1 SEM. * p < .05.
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Table 1

Characteristics of Blind Participants

Age Gender
Educational
level (years) Cause of blindness Residual visual ability

36 M 13 Retinopathy of prematurity Lights

52 F 13 Retinopathy of prematurity None

58 M 18 Congenital glaucoma Lights, shadows, and colors

45 F 8 Micro ophthalmia Lights

53 F 8 Optic nerve tumor None

56 F 13 Retinopathy of prematurity None

58 M 18 Retinitis pigmentosa Lights

24 M 10 Optic nerve atrophy None (could see lights and shadows until the age of 5)

45 F 8 Micro ophthalmia Right eye lights and shadows, left eye none

39 F 13 Complications related to premature birth Lights

28 F 13 Retinal degeneration/malformation None

21 F 18 Ocular malformation None

48 M 18 Leber’s congenital amaurosis None

42 M 3 Optic nerve atrophy Lights

28 M 13 Retinitis pigmentosa Lights

30 M 13 Retinopathy of prematurity None
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