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Abstract: Bilateral symmetry is an extremely salient feature for the human visual system. 

An interesting issue is whether the perceptual salience of symmetry is rooted in normal 

visual development. In this review, we discuss empirical work on visual and tactile 

symmetry detection in normally sighted and visually impaired individuals. On the one 

hand, available evidence suggests that efficient visual symmetry detection may need 

normal binocular vision development. On the other hand, converging evidence suggests 

that symmetry can develop as a principle of haptic perceptual organization in individuals 

lacking visual experience. Certain features of visual symmetry detection, however, such as 

the higher salience of the patterns containing a vertical axis of symmetry, do not 

systematically apply to the haptic modality. The neural correlates (revealed with 
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neuroimaging) associated with visual and haptic symmetry detection are also discussed. 

Keywords: symmetry detection; blind; visual impairment; haptic; plasticity 

 

1. Introduction 

Bilateral symmetry is a prominent feature of the visual world. Not only are human faces and bodies 

symmetric, but most other living organisms (such as animals, trees, flowers and crystals) have at least 

one axis of symmetry, as do manufactured items, such as tools and buildings (for a recent review, 

see [1]). Psychophysical experiments mainly employing simple shapes or dense dot patterns as stimuli 

have shown that symmetry can be detected extremely quickly (within a few tens of milliseconds) and 

in an automatic (i.e., not mediated by a conscious cognitive effort; see [1] for review), pre-attentive 

manner [2–4]. Symmetry acts as a grouping principle of perceptual organization [5]: elements sharing 

symmetry relations tend to be aggregated, thus facilitating figure-ground segregation. It has also been 

suggested that symmetry detection may be a special case of orientation processing [6,7] in that once 

the axis of symmetry is determined, both this information and orientation information acquired from 

other contour classes converge at a common neural site where orientation information is processed 

irrespective of source. Further, Dakin and others have suggested that symmetry detection shares 

features with mechanisms responsible for processing orientation [8–10]. Symmetry is also thought to 

be important from an evolutionary perspective. Indeed, symmetry has been shown to play a role in 

mate selection and reproduction, likely acting as a marker of phenotypic and genetic quality (for a 

review, see [11]). Furthermore, patterns containing a vertical axis of symmetry seem to be most salient 

(i.e., easier to detect or perceptually “stronger”), followed by the horizontal and other oblique 

orientations [12]. The higher perceptual salience of vertical symmetry may depend on the fact that 

most objects in the world contain symmetry along the vertical axis (e.g., human faces and bodies, 

buildings, trees). The organization of the human visual system is likely optimized to process the 

structure of the visual world; thus, the predominance of vertical symmetry over other orientations in 

the external world may have made the vertical axis of symmetry perceptually stronger. Indeed, it has 

also been proposed that the higher salience of the vertical axis of symmetry may depend on the 

bilaterally symmetric organization of the visual system itself, as suggested by some psychophysical 

results in patients born without the corpus callosum [13]. 

In light of consistent evidence demonstrating the salience of symmetry in visual perception, a 

natural question that arises is whether symmetry salience depends on normal visual development for its 

emergence. Further, does symmetry act as a grouping principle of perceptual organization only in the 

visual domain? It may also be important in tactile shapes and object detection given that the sense of 

touch is also able to convey precise information regarding spatial features of external objects [14]. In 

this review, we address these issues by discussing available evidence regarding symmetry detection in 

sighted, visually impaired and blind individuals. The neural correlates of tactile symmetry detection in 

blind and sighted individuals is also reviewed in light of available knowledge on the neural 

underpinnings of visual symmetry detection. An in-depth discussion of models of visual symmetry 

detection is beyond the scope of this review, and it has already been covered in previous work 



Symmetry 2014, 6 429 

 

 

(e.g., [1,15]). The experimental paradigms used across various studies will be described in general 

terms to ensure that results are understandable (the reader can find methodological details in the 

original empirical works).  

Visual impairment and blindness can take many forms and can result from damage and 

complications localized to ocular, as well as cerebral structures. In this review, we first consider visual 

symmetry detection capacities in individuals affected by abnormal binocular visual development. This 

ranges from amblyopia (literally “blunt vision”), which is the reduction or partial loss of vision in one 

or both eyes in the absence of an ocular structural abnormality or pathology [16], to the extreme of 

monocular blindness. These conditions provide models to assess whether normal binocular vision is 

necessary for the salience of symmetry to emerge. It is important to stress that ocular forms of visual 

impairment directly affect brain structure and function via phenomena related to plasticity. Indeed, 

plastic changes occur in the brain as a natural consequence of learning and memory, development and 

ageing, but they can also be triggered by other factors, such as brain injury or, of interest here, 

congenital or acquired sensory deprivation [17,18]. We then consider the case of individuals affected 

by complete blindness due to peripheral (i.e., ocular) causes, comparing incidence at birth (or shortly 

thereafter) to blindness acquired later in life. In this latter group, it is presumed that the normal 

development of visual pathways has occurred prior to the loss of sight. 

2. Visual Symmetry Detection in Individuals with Impaired Binocular Vision 

An interesting question in studying visual symmetry detection is whether its salience depends on 

normal visual functioning and development, particularly with respect to binocular vision. Barlow and 

Reeves [2] reported equally efficient symmetry detection of dot patterns when viewed monocularly 

and binocularly by normally sighted participants. In a later study, Wenderoth [19] used visual 

stereoscopic patterns and demonstrated that monocular symmetry is not sufficient for (dichoptic) 

symmetry perception and that dichoptic symmetry can be perceived even if two monocular patterns 

were not symmetric per se. According to Wenderoth [19], these findings suggest that symmetry 

perception occurs at, or beyond, the site of the binocular combination of monocular signals, 

compatible with the idea that symmetry detection mainly occurs within higher-order (i.e., extrastriate) 

visual areas. However, testing normally sighted individuals under monocular viewing conditions does 

not allow one to test whether symmetry salience depends on normal binocular vision, since these 

individuals have normal binocularity. On the other hand, investigating conditions in which there is a 

deficit or lack of binocular vision (such as amblyopia or monocular blindness, respectively), would 

provide the opportunity to study whether symmetry detection depends on normal binocular 

development. 

Amblyopia is the development of abnormal binocular vision due to strabismus, high anisometropia 

or form deprivation (such as a cataract) occurring during early life. In amblyopia, under normal 

binocular viewing conditions, one eye is favored while the information conveyed by the non-preferred 

eye is generally suppressed, at least within the central visual field [20]. Levi and Saarinen [21] have 

compared symmetry detection in amblyopes and normal observers under monocular viewing (i.e., with 

the non-tested eye covered by a patch). Both groups were presented with either symmetric or 

asymmetric visual stimuli consisting of Gabor patches. In the symmetric stimuli, the amount of 
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symmetry could vary from 25% to 100% (specifically, four different symmetry conditions occurred: 

25%, 50% or 75% or 100% of symmetry). The participants’ task was to rate the correct amount of 

symmetry or identify the pattern as non-symmetric. When the amblyopic eye was tested, amblyopic 

observers showed a progressively higher symmetry threshold with increasing stimulus spatial 

frequency compared to normal sighted controls, whose ability in detecting symmetry was spatial 

frequency independent (consistent with [8], showing scale invariance in symmetry detection). Notably, 

symmetry thresholds did not vary with the manipulation of contrast features, suggesting that the 

impairment was not simply due to a general reduction in stimulus visibility. The amblyopic deficit in 

symmetry detection may indeed depend on the abnormal integration of local orientation information in 

amblyopic observers, which seems to be critical to form symmetry detection units and, therefore, 

process symmetric features [10]. Accordingly, amblyopic individuals also show abnormalities in other 

tasks requiring the integration of orientation features, such as contours [22,23]. These results suggest 

that a deficit in symmetry detection occurring in amblyopia is related to suboptimal processing of local 

orientation information and cannot be explained by a general impairment in lower-level visual 

functions. Furthermore, information about local orientation in symmetric patterns is most likely 

conveyed by higher-level visual areas [24] and supports the view that symmetry detection is mediated 

by extrastriate visual regions [25–29]. In fact, these findings are also in line with Herbert et al.’s [30] 

data on visual symmetry detection in the elderly. They found an overall impairment in symmetry 

detection for individuals over 60 compared to participants younger than 60, although the vertical 

symmetry advantage was observed in all age groups. The impairment in symmetry detection did not 

covary with visual acuity loss, suggesting that the deficit observed in the older participants was not at a 

low level of processing in the visual system. Rather, Herbert et al. [30] interpreted their findings as 

suggesting that the general decline in performance was symptomatic of some unspecified changes in 

intermediate and higher level visual functions with aging. These changes are unlikely to be specific for 

symmetry detection, extending also to other complex visual processes. Habak and Faubert [31] found 

that the perception of simple motion stimuli (moving gratings) was comparable in young and elderly 

groups, whereas complex motion (moving dot textures) perception was selectively impaired in the 

older group. Similarly to the case of normal ageing, the deficit in symmetry detection observed in the 

amblyopic participants may be a manifestation of a broader deficit related to suboptimal high-level 

visual processing. In line with this, recent evidence has shown that amblyopic individuals require more 

samples in both eyes to detect biological motion compared to normal control observers [32]. These 

threshold differences did not depend on low-level losses, but likely reflected losses in feature 

integration due to undersampling in the amblyopic visual system. Indeed, it has been suggested that the 

deficits often reported in amblyopia for global form and motion integration are due to a selective 

difficulty in noise segregation [33]. 

The case of congenital monocular blindness represents a particular form of visual impairment 

characterized by profound blindness in one eye (or total absence of one eye, in cases of enucleation) and 

intact visual abilities in the fellow eye. Whereas some visual functions (such as motion discrimination 

capacities) are reduced in monocularly blind participants, other visuo-spatial functions appear to be 

enhanced in the functioning eye (for a review, see [34]). We have recently investigated symmetry 

detection abilities in monocularly blind individuals using dense dot patterns (see Figure 1A) [35]. 

Patterns were horizontally symmetric, vertically symmetric or non-symmetric. We found a similar 
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level of detection sensitivity in monocularly blind and normally sighted controls (viewing 

monocularly, with their dominant eye covered). Moreover, the vertical axis of symmetry was more 

salient than the horizontal in all participants. However monocularly blind individuals were 

significantly slower in detecting symmetric patterns (irrespective of symmetry axis) compared to 

control participants. Although the monocularly blind also tended to be slower in a visual search task, 

the difference with controls was not significant. Overall, our findings suggest that normal binocular 

vision is necessary for optimal performance in detecting symmetry, whereas the salience of the vertical 

axis does not seem to depend on binocularity.  

Findings from visually impaired individuals (at least for amblyopia and monocular blindness) 

suggest that the salience of bilateral mirror symmetry depends to a certain degree on normal binocular 

mechanisms and development. Although symmetry can still be perceived by individuals lacking 

binocular input (or with a deficit in binocular vision), processing appears to be less efficient than 

observed for individuals possessing a normally developed binocular vision system. 

Figure 1. (a) Examples of stimuli used in Bona et al. [25] and Cattaneo et al. [35], to 

assess visual symmetry detection: a vertically symmetric pattern (left) and a random  

non-symmetrical pattern (right) are shown here; (b) Example of haptic matrices used in 

Cattaneo et al. [36,37]. Matrices were presented either frontally (lower panel) or horizontally 

(upper panel). From left to right: examples of horizontally symmetric patterns, vertically 

symmetric patterns and non-symmetric patterns; (c) Custom made device used for the 

tactile symmetry detection task in Bauer et al. [38]. The picture shows a vertically 

symmetric configuration. The device is made of fMRI compliant material and, thus, can 

also be used in the scanner environment.  

 
Symmetric Non-symmetric 

(a) 

 
(b) 
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Figure 1. Cont. 

 

(c) 

3. From Vision to Touch: Symmetry Detection in the Haptic Modality 

3.1. Haptic Detection of Symmetry in Normally Sighted Participants 

A number of studies have investigated symmetry processing in the haptic modality using  

two-dimensional (2D) line drawings or three-dimensional (3D) objects as stimuli [39–44]. Overall, 

these studies show that although symmetry plays a role in the haptic recognition of 2D and 3D objects, 

symmetry is less salient for touch than it is for vision, and other stimulus properties, such as texture, 

may play a greater role for haptic shape discrimination compared to symmetry [43]. Indeed, the 

salience of symmetry in the haptic modality seems to be modulated by several different factors. This 

includes stimulus characteristics, such as material properties (e.g., texture and hardness), pattern 

complexity, size, dimensionality (2D/3D) and exploratory strategy [39–43]. Regarding exploratory 

strategies, symmetry detection during haptic exploration is facilitated when two hands are used [39–41]. 

This advantage is consistent with the reference-frame hypothesis [44], which suggests that bimanual 

exploration allows participants to relate the position of their hands to their own body midline providing 

for an effective frame of reference and also for coding the presence of symmetry in external objects 

(possibly via alignment of the axis of symmetry with the participants’ body midline). However, the 

adoption of an efficient reference frame in processing symmetry also depends on the stimuli used 

(specifically, their size or whether stimuli consist in open shapes or closed shapes) [40,44]. Locher and 

Simmons [42] showed that when sighted (blindfolded) participants performed a haptic-symmetry 

discrimination task, the detection of symmetric shapes required more time than the detection of  

non-symmetrical ones. The strategy of contour following may be suboptimal in haptic symmetry 

detection. In a follow-up study, a simultaneous apprehension scanning strategy (i.e., smooth 

movements of both hands’ thumb and index fingers over opposite sides of the shape) was found to 

provide superior symmetry detection [45]. Symmetry may also be more haptically salient for 3D 

objects than 2D patterns [39]. In considering these findings, it is important to note that most of the 

studies assessing symmetry detection in the haptic modality used raised line drawings or 3D objects. An 

exception to this was the study by Millar [43] that asked participants to decide whether two Braille-like 

configurations were identical or not. Both the symmetry of the configuration and dot numerosity were 

manipulated. Millar [43] found that dot numerosity affected judgments (the task was easier with fewer 

dots), whereas the presence of symmetry was irrelevant for the task. These findings suggest that dot 

density may be a more powerful cue than symmetry in haptic shape discrimination, at least for stimuli 
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consisting of Braille-like small patterns, consistent with the idea that a perception of a global 

representation of shapes may be impaired when reference cues are missing. This finding is particularly 

of interest given accounts of visual symmetry detection arguing that grouping based on other basic 

visual properties (such as collinearity or proximity) may, in fact, precede and facilitate visual 

symmetry detection, at least in dense dot patterns [46,47]. In particular, Labonte et al. [47] suggested 

that symmetry detection (at least in dense dot patterns in which symmetric dots are embedded in noise) 

occurs in three stages: first, clusters are formed among local elements with sufficient mutual affinity 

(i.e., grouping by similarity or some other feature); second, pairs of symmetrical clusters are discovered 

and their axes of symmetry determined (symmetry detection); third, an attempt is made to detect more 

global symmetries by comparing the various axes of symmetry previously found (the so-called 

“symmetry-subsumption” stage). Given that touch affords sequential exploration of a stimulus rather 

than the parallel processing possible in vision, symmetry detection may follow other grouping 

mechanisms in touch. Differences in timing, the relative area that can be apprehended at one time and 

separation of the cortical pathways between these two sensory modalities likely contribute to 

symmetry being less salient in touch than in vision.  

When investigating symmetry detection in the haptic modality in sighted individuals, it is important 

to consider that the haptic/tactile salience of symmetry may also indirectly depend on visual salience. 

In other words, the generation of a corresponding visual mental image to the tactile percept may play 

an important mediatory role [48]. We speculate that tactile exploration conveys a mental image 

corresponding to the percept analogous to exploring the same pattern with artificially-induced tunnel 

vision [49,50], something that would be worth investigating in future research. Nonetheless, while 

relevant in the case of sighted individuals, this potential confound (i.e., visual imagery mediating 

haptic symmetry detection) cannot play a role in the case of symmetry detection in congenitally 

blind individuals. 

3.2. Haptic Detection of Symmetry in Blind Participants 

Investigating individuals blind from birth or very early in life offers an opportunity to assess the 

dependence of tactile/haptic symmetry detection on prior visual experience. Although haptic object 

and picture recognition have been extensively studied in the blind, only recently has symmetry 

detection been specifically investigated in early and late blind individuals [36–38]. 

In a set of studies by the co-authors of this review, Cattaneo et al. [36,37] presented blind 

participants with a short-term memory task in which they were required to memorize and retrieve a 

number of target-positions on a 2D matrix that was explored haptically (see details below). Using a 

similar task in the visual modality, Rossi-Arnaud and colleagues [51,52] found that the presence of 

symmetry (although irrelevant for the purpose of their task), facilitated the memory retrieval of target 

patterns. Our aim was to determine whether this was also the case in blind individuals when perceiving 

similar configurations in the haptic domain. In particular, we presented blind participants with wooden 

2D matrices consisting of 25 tactilely perceivable cells, seven of which were covered with sandpaper, so 

that they could be easily recognized by touch [36,37]. Target cells could either form a symmetric 

configuration (either along the vertical or the horizontal axis) or be placed in a random non-symmetrical 

order (see Figure 1B). Participants were asked to explore the matrices using both hands to memorize 
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the position of the target cells and, subsequently, to retrieve them on a test blank matrix. Sixteen 

seconds were given for exploration, and the recall phase immediately followed the encoding phase. 

Nothing was said about the fact that some patterns were symmetric and others were not, and no 

feedback was given to participants throughout the experiment. Configurations were presented both in 

the horizontal plane (i.e., placed on a table) and in the frontal plane (i.e., on a vertical panel facing the 

participants). The plane of presentation was manipulated to assess whether the vertical/horizontal 

presentation interacted with the perceived salience of the vertical/horizontal axis of symmetry. Indeed, 

given that we usually perceive vertically symmetric objects presented in front of us, the detection of 

patterns with a vertical axis may reinforce the salience of vertical symmetry when viewed in this plane. 

The congruency between the axis of symmetry and the plane of presentation may be especially 

relevant for haptic exploration, in light of previous evidence showing that during haptic exploration in 

the frontal plane, geocentric-based cues (i.e., the direction of the pull of gravity) offer the most 

powerful frame of reference [53,54]. 

Overall, early and late blind individuals (as well as blindfolded sighted controls) showed better 

memory recall for symmetrical rather than non-symmetrical configurations (irrespective of the plane of 

presentation), suggesting that symmetry facilitates the storage of spatial information in individuals 

lacking prior visual experience. Given that symmetry affords grouping, the effect may arise because 

the presence of paired structures increases the perceptual salience of the haptically explored 

pattern [36,37]. Our findings indicate that symmetry facilitates the tactile processing of stimuli, even 

when it is an incidental encoding property and participants’ attention is not focused on this property, 

because participants were not informed that some configurations would be symmetric. This finding is 

consistent with other studies showing that symmetry enhances visual memory in an automatic 

fashion [51,52]. However, a critical difference emerged in the performance of sighted and blind 

participants related to the orientation of the symmetry axis. Specifically, sighted blindfolded 

participants showed better memory recall for vertically compared to horizontally symmetric 

configurations, confirming that the vertical axis of symmetry was more salient compared to the 

horizontal in the haptic modality, as well as in vision. In contrast, early blind individuals did not show 

any difference in memory recall performance related to the axis of orientation of the target 

pattern [36]. On the other hand, late blind subjects were significantly more accurate in remembering 

vertically compared to horizontally symmetric configurations, but only when patterns were presented 

in the frontal plane. For the horizontal plane, their accuracy was not affected by axis orientation [37]. 

We interpreted these findings as suggesting that blind individuals relied on an intrinsic reference frame 

(i.e., the spatial disposition of the target cells relative to each other) in which symmetry facilitated 

grouping, but was not affected by orientation. The higher salience of vertically symmetric patterns in 

the late blind for the frontal presentation of patterns likely reflects a sort of visual “imprinting” in these 

individuals. Thus, in the late blind, previous experiences of visual vertical symmetry were reinforced 

by the congruent external frame during frontal presentation and manifested as a tactile vertical symmetry 

advantage [37]. 

Importantly, the differences in performance we observed between the blind and the sighted groups 

did not depend on differences in their exploration strategies [36,37], since these were similar regardless 

of the participant’s visual status. In fact, both congenitally and late blind participants were quite 

consistent in the way they scanned the patterns. Specifically, 15 out of the 16 blind participants [36] and 
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eight out of the 12 late blind tested [37] used both hands in exploring the matrices throughout the 

experiment, and the majority of them started scanning from the upper row of the matrix, keeping the 

two hands approximately parallel, with the left hand exploring the left side of the row and the right 

hand exploring the right side of the row, before descending to the next row and going row-by-row to 

the bottom. Approximately 80% of the sighted participants (21 out of 26) used two hands in all 

experimental trials [36], mainly following the top-to-bottom search in parallel strategy employed by 

the blind. The other participants kept one hand (the left) anchored on the left side of the matrix and 

explored the matrix with their right hand only in all or most of the trials. 

In the studies of Cattaneo et al. [36,37], the stimuli used were large in size, and the individual units 

composing the symmetrical or the non-symmetrical patterns were also few in number and 

comparatively large (see the methodological details reported above). In studies assessing visual 

symmetry detection (e.g., Sasaki et al. [27]), stimuli typically consist of dense dot patterns, with dot 

numerosity being much higher and with much smaller elements than in the aforementioned tactile 

studies. Moreover, in Cattaneo et al. [36,37], we investigated whether symmetry facilitated memory, 

but we did not assess the performance of detecting symmetry explicitly. In a recent study [38], we 

addressed these limitations by testing early blind and blindfolded sighted participants in a tactile/haptic 

symmetry detection task using stimuli that resembled those typically used in investigating visual 

symmetry detection. Tactile stimuli consisted of a 32 by 36 tactile pin array (inter-pin spacing of 

2.4 mm) that covered an area of 8.5 by 7.5 cm (Figure 1C). Each pin could be raised and lowered 

independently in either a fully up or retracted position. In the experiment, all tactile patterns comprised 

50 dots (i.e., tactile pins). For symmetric patterns, pins were arranged such that exactly 30% of the pins 

were located within the central three positions along the mid-axis of the display. The pattern was then 

reflected about the vertical (i.e., vertically symmetric) or horizontal (i.e., horizontally symmetric) axis. 

For random patterns, a completely asymmetric distribution of pins was used. Blindfolded sighted and 

early blind participants were asked to explore the display (presented for five seconds) using their 

dominant hand. Following an initial training period, we found that all participants were extremely 

accurate in detecting the presence of a symmetric pattern, achieving a level of performance around 

80% correct identification. Interestingly, no advantage for the detection of vertical compared to 

horizontal axis of orientation was reported in either blindfolded sighted or blind participants. This 

finding corroborates the idea that symmetry is salient in haptic perception, irrespective of prior visual 

experience. The lack of an effect of orientation reported in this study may depend on the fact that 

unimanual exploration (rather than bimanual) was used. The lack of a vertical salience effect following 

unimanual exploration is in line with previous evidence in sighted participants [40].  

On a behavioral level, in both the tactile memory task [36] and detection task [38], early blind 

participants were also found to outperform blindfolded sighted subjects. This result is in line with 

consistent evidence suggesting enhanced tactile discrimination abilities in the blind [55]. The lack of 

visual input is compensated for by enhanced capacities in the other sensory modalities, reflecting 

plasticity phenomena occurring at the neural level (for a review, see [56]). In particular, both 

“intramodal” and “crossmodal” types of plasticity have been well documented in blind individuals. 

Intramodal plasticity refers to changes occurring in the same cortical regions normally devoted to 

processing information in a specific sensory modality. Crossmodal plasticity occurs when areas 

usually devoted to processing a specific type of information are recruited to process other sensory 
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information. For instance, Braille reading (as well as other active tactile discrimination tasks) have 

been found to activate the occipital cortex, including the striate cortex (i.e., areas V1 and V2), in blind 

participants [57].  

4. Neural Correlates of Symmetry Detection in Sighted and Blind Individuals 

The neural basis of visual symmetry detection has also been investigated using functional magnetic 

resonance imaging (fMRI) [27–29]. In Sasaki’s study [27], participants were presented with dense dot 

patterns and instructed to indicate whether the stimuli were symmetric or random. It was found that 

symmetry detection was associated with activation within higher-order extrastriate visual areas 

(including V3, V4, V5/MT, V7) and the lateral occipital (LO) complex, whereas early visual areas (V1 

and V2) were minimally activated ([27]; see also [28]). Van der Zwan et al. [29] suggested that 

information about the orientation of axis of symmetry may be available as early as area V1, but that 

processing continues in extrastriate cortex. Interestingly, a stronger fMRI signal was found by  

Sasaki et al. [27] for vertical compared to horizontal symmetry, perhaps reflecting the enhanced 

salience of vertical patterns. Control experiments confirmed that the response pattern in extrastriate 

visual areas was specific to symmetry detection, since these regions were also active when attention 

was controlled for [27]. Moreover, the level of activity in extrastriate regions was found to positively 

correlate with the likelihood of symmetry detection [27]. The recruitment of LOC in visual symmetry 

detection may at least partially depend on the role of this region in object recognition [58,59] being that 

symmetry is an important cue in shape/object detection [5]. However, control experiments carried out by 

Sasaki et al. [27] suggest that areas V3A, V4d/v, V7 and LO responded predominately to symmetry and 

not to general object-like features presented in the stimuli.  

Electrophysiological evidence supports a critical role of extrastriate visual areas in visual symmetry 

detection and adding information on chronometric aspects of symmetry processing. In particular, ERP 

research has consistently found that the sustained posterior negativity (SPN) component differs 

between symmetric and asymmetric patterns [60–64]. Despite variations in the latency of the SPN 

component across different studies (ranging from 300 ms after stimulus onset [64] to 600–1100 ms 

after stimulus onset [60], its presence, together with the lack of symmetry-responses in earlier 

components (such as P1), is consistent with fMRI evidence that visual symmetry detection is mainly 

mediated by extrastriate visual activity and not by neurons in the primary visual cortex [63,64]. 

Although of significant importance, it is important to realize that neuroimaging and 

electrophysiological techniques can only offer correlational evidence regarding the relation between 

activation in a specific brain region and ongoing cognitive processes. Techniques of noninvasive brain 

stimulation can overcome these limitations. By directly affecting behavioral responses, the reversible 

disruption of a cortical area allows an investigator to assess whether a targeted region exerts a causal 

role in a task [65]. In line with this, some of the co-authors of this review have recently used 

transcranial magnetic stimulation (TMS) to assess the roles of striate and extrastriate regions in 

symmetry detection [25,26]. In Bona et al.’s study [25], participants were presented with dot patterns 

similar to those used in previous neuroimaging studies investigating symmetry detection (see 

Figure 1A). Patterns could be either vertically symmetric or non-symmetric. Participants were required 

to indicate (using a left/right key press) whether the presented pattern was symmetric or not. During 
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this time, fMRI guided-TMS was applied over the right or left LO complex, bilaterally or over two 

corresponding control sites (i.e., stimulation was applied 2 cm up from LO in each hemisphere). While 

TMS delivered to either the left and right LO interfered with symmetry detection, the interference 

effect was stronger for right LO stimulation, suggesting that symmetry detection may be more  

right-lateralized. Indeed, evidence for a right-hemisphere lateralization in visual symmetry processing 

has also been reported in behavioral studies. For instance, using a divided visual field paradigm, 

Verma and colleagues [66] recently showed that symmetry detection is more efficient when stimuli are 

presented in the left hemifield, consistent with the hypothesis of a right-hemisphere dominance. Such a 

right-lateralized effect of symmetry detection might depend on a preferential global/local visual 

processing occurring within the right hemisphere [67,68]. Given the lexical ambiguity across studies 

for the terms global/local [69], it is worth specifying here that symmetry is considered to be the result 

of a “global” process in the sense that it can be immediately perceived as a form (Gestalt), without 

requiring a serial comparison between its local constituent elements. In other words, symmetry 

detection does not always require a point-by-point comparison of all elements of the pattern. 

Accordingly, two informative regions of information for symmetry perception seem to be the one 

around the symmetry axis and the one consisting of the stimulus outline [2,70,71]. The detection 

advantage for patterns presented in the left hemifield [66] may also depend on right hemispheric 

specialization in processing information conveyed by low spatial frequency channels [72], which have 

been shown to contribute more critically to symmetry detection [70]. Cattaneo et al. [26] also reported 

evidence for a bilateral involvement of the LO region in symmetry detection using more sparse 

symmetric (either vertically or horizontally) and non-symmetric patterns. No effect on symmetry 

discrimination was observed for TMS applied over V1/V2 regions [26].  

Our group has recently investigated the neural underpinnings of tactile symmetry detection [38]. In 

this study, early blind subjects and blindfolded sighted participants were presented with either symmetric 

(vertically or horizontally) or asymmetric tactile configurations (see above for methodological details 

and behavioral results). We found brain regions activated during tactile symmetry detection to partially 

overlap in blind subjects and normal observers. In particular, both groups showed strong bilateral 

activation in parieto-frontal cortices. The LO region was also active in both groups, although more so 

in the blind. The identification of these areas in both sighted and blind subjects is suggestive of tactile 

symmetry detection networks that are common to both groups. Critically, however, blind individuals 

showed a robust bilateral activation within a wide region of the occipital pole (specifically including 

the pericalcarine cortex, LO, middle temporal cortex, inferior temporal and fusiform cortex) that was 

absent in the sighted (see Figure 2). Bauer et al.’s findings show that similar brain regions are active 

during tactile (in the blind) and visual detection (in the sighted) of symmetry. In particular, activity in 

the LO region appears important in mediating tactile symmetry detection. This finding is in line with 

previous evidence of common activation in the LO complex for visual and haptic object recognition [73]. 

Our findings also show that early blind participants appear to recruit the same brain regions as sighted 

for haptic symmetry detection, despite the absence of previous visual experience, in addition to other 

regions. In particular, the peri-calcarine visual areas were activated in blind observers, but not in 

sighted controls. This finding might be a result of the fact that tactile detection of symmetry requires 

spatial integration of both global and local features of the stimulus and such an integration might 

indeed take place in peri-calcarine areas. On the other hand, in sighted observers, symmetry detection 
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has been shown to rely on the integration of stimulus features over a large area in the visual 

field [8,28] and on the comparison of information across relatively large distances rather than a  

point-by-point serial comparison [8]. The activation observed in early visual cortex that we observed 

in the blind during tactile discrimination is in line with previous evidence showing early visual cortex 

recruitment during Braille reading and other tactile discrimination tasks [57,74] and may be evidence 

of crossmodal cortical plasticity in the case of blindness [75].  

Figure 2. Neural correlates (revealed by fMRI) associated with tactile symmetry detection 

in early compared to sighted (blindfolded) control subjects. The lateral view of the right 

hemisphere is shown superimposed over a staggered medial view of the left hemisphere. In 

both groups, task-related activation was associated with a distributed network implicating 

frontal and parietal cortical areas (e.g., medial frontal and superior parietal cortices). 

However, in the early blind, the detection of symmetrical tactile patterns was also associated 

with activation within retinotopic (e.g., primary visual cortex) and object-selective areas 

(e.g., lateral occipital and fusiform cortices). 

 

5. Conclusions 

The evidence reviewed here suggests that symmetry is a salient stimulus feature for sighted, as well 

as blind individuals. Haptic symmetry detection can occur very efficiently in both blind and sighted 

(blindfolded) individuals, although symmetry is certainly less salient for touch than for sight. 

However, prior visual experience seems to be crucial for the emergence of certain features (such as the 

vertical axis advantage) in driving haptic symmetry detection. Interestingly, visual and haptic 

symmetry detection appear to rely on common brain areas in sighted individuals, such as the lateral 

occipital (LO) complex. In the early blind, tactile symmetry detection activates extrastriate areas, but 

to a greater extent than what is observed in the sighted. Moreover, significant activations are also 

observed in the striate cortex of blind individuals during symmetry detection, reflecting underlying 

cortical neuroplastic changes. Visual symmetry detection efficiency also depends on normally 

developing binocular vision as evidenced by performance discrepancies in cases of visual impairment, 

such as amblyopia and monocular blindness. Overall, these data suggest that symmetry works as a key 

principle of perceptual organization in vision and touch, even in the absence of prior visual experience. 

However, its perceptual salience depends on normally developing binocular vision. 
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