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system, in this paper, several decades of experimental research on human symmetry 

~ i o n  are reviewed. By examining the effects of several factors on symmetry 

detection, this research has revealed some important characteristics of how humans 

perceive symmetry. These characteristics constrain the general principles of putative 

underlying mechanisms and models of human symmetry detection. For example, the 

~ e n t a t i o n  of  the axis of symmetry and its location in the visual field have effects that 

suggest that  the bilateral symmetry of the visual system at cortical levels of  the brain 

might ~ l y  determine the salience of vertical mirror symmetry. At  the same time, 

is a surprisingly high degree of flexibility and robustness that remains to be 

e x p l a i ~  Thus, s ~ e t r y  provides a major challenge to model human f l e x i b i l ~  and 
efficiency within the constraints of  the biology of the visual system. 

A l t h o u g h  meaningless, the shapes in Fig. 1A and 1B are 
obviously not random. They have a simple, regular struc- 
ture which makes them 'good Gestalts'. Similarly, the dots 
in Fig. IC, E, and F seem to be grouped together in regular 
configurations that clearly differ from random-dot patterns 
such as the one in Fig. 1D. The same is true for the pattern 
shown in Fig. 1G, although more careful inspection will re- 
veal that it is not perfectly regular but slightly perturbed. 
The converse holds for Fig. 1H, which might appear ran- 
dom at first sight, despite the fact that it shows a similar pat- 
tern as in Fig. 1C but viewed from a different angle. 

Why is it that our visual system seems so well attuned to 
regularity? How do we detect the regularity in such pat- 
terns? Why are some structures easier to see than others? 
How much of this is based on the special status of faces for 
visual perception? In this paper, several decades of experi- 
mental work are reviewed that were inspired by phenomeno- 
logical observations, such as those made in relation to Fig. 1 
(Ref. 1). As a result of this research effort, much is known 
about the effects of several factors on human detection of 
symmetry. These effects help to specify the characteristics of 
human symmetry detection, as well as the general principles 
of putative underlying mechanisms. Although the rich col- 
lection of empirical data has not yet converged upon one 
universally accepted theory or model of human symmetry 
detection, the data do suggest important constraints within 
which the proposed mechanisms have to operate. The mod- 

elling of symmetry detection presents challenges that are 
typical of most work in cognitive science. 

Is mirror symmetry special? 

What is the structure or regularity that is shared by all the 
patterns in Fig. 1 except pattern ID? What do they have 
in common for them to be called 'symmetric'? In other 
words, what is symmetry? Informally, symmetry means self- 
similarity under a class of transformations, usually restricted 
to the Euclidean transformations in the plane, namely, trans- 
lations, rotations and reflections. For example, the shapes in 
Fig. 1A and 1B can be reflected about a straight axis and the 
resulting shape will be indistinguishable from the original. 
The orientation of the axis differs between them (i.e. verti- 
cal for Fig. 1A, oblique for 1B) but the identity under a re- 
flection makes both of them mirror-symmetric or bilaterally 
symmetric. In Fig. 1C, E and F, a random-dot pattern was 
taken and then reflected about a vertical axis (1C), trans- 
lated across a small horizontal distance (1E), or rotated by 
180 ° (1F). The resulting symmetries are called reflectional, 
translational and rotational, respectively. 

If all of these structures are symmetric, why does mirror 
symmetry seem special? Most people will agree that the regu- 
larity or structure is more salient in Fig. 1C than in Fig. 1E 

and 1F. The detection of symmetry created by translation 
or rotation seems to require scrutiny, whereas perception 
of mirror symmetry (i.e. created by reflection) is effortless, 
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Fig. 1 Examples o f  typical stimuli used in symrnetry detection experiments. (A) A polygon with mirror symmetry about a vertical 
axis (indicated by solid line). (B) A polygon with mirror symmetry about a diagonal axis (indicated by solid line). (C) A random-dot pattern 
with mirror symmetry about a vertical axis (indicated by solid line), (D) A completely random dot pattern. (E) A random-dot pattern with 
translational symmetry. The translation vector is indicated in (I) underneath. (F) A random-dot pattern with a rotational symmetry, The 
180 ° rotation is indicated in (J) underneath. (G) A random-dot pattern with perturbed mirror symmetry. The perturbations are indicated 
in (K) underneath. (H) A random-dot pattern with skewed mirror symmetry. The skewing is indicated in (L) underneath. 

rapid and spontaneous 2. This preference for mirror symme- 

try is shown in researchers' preoccupation with this type of 
symmetry and it has also been corroborated experimentally, 
when compared with translational symmetry ~'4, with ro- 
tational symmetry 5'6, or with both within the same study 7'8. 

Some theorists have attempted to explain the preference for 
mirror symmetry by referring to the mirror symmetry of the 
brain itself ''2'9. Some evidence related to this hypothesis is 

discussed below. 
Before that, another important question arises: is it 

really true that reflectional symmetry can be detected pre- 
attentively? If one believes that a reduction in presentation 

time is sufficient to tap preattentive processes, this question 
can be answered positively. Mirror symmetry can be per- 
ceived in a wide variety of stimuli, from simple dot patterns 
to complex abstract art displays, when flashed very briefly 
(for 10-100 ms) 1° 12. However, in all of these studies, atten- 

tion is involved in that subjects are explicitly instructed to 
detect symmetry. Recent research has shown that many of 
the phenomena of grouping and perceptual organization 
studied by Gestalt psychologists do not occur when sub- 
jects' attention is not directed to the stimulus array and the 
task at hand 13'14. 

Fortunately, there is also evidence that mirror symme- 
try is picked up and used, even when the task does not re- 
quire subjects to do so. For example, visual sear& for a sim- 
ple oriented line segment was shown to be affected by the 

symmetry of the background elements .5. More interest- 
ingly, a patient with brain damage centred on the right pari- 
etal lobe, causing left visual neglect (i.e. so-called 'blindness' 
for everything to the left of fixation), still organized am- 
biguous figure-ground displays with symmetric shapes as 
figures, just as normal perceivers do, although he was unable 
to detect the symmetry when asked explicitly '6. In other 
words, at some preattentive level in the visual system, the 
symmetry of the shapes was picked up and it affected 
figure-ground organization, despite the fact that the mental 
representation of this visual attribute of the shapes could 

not be accessed consciously. 

Major factors influencing detectability 
Axis orientation 

Casual observations suggest that mirror symmetry is easier 
to see when the axis is oriented vertically (Fig. 1A) than with 
a horizontal or a diagonal (Fig. 1B) axis. Results from 
several studies examining the relative difficulties of detect- 
ing mirror symmetry in the four cardinal orientations 
(vertical, horizontal and the two diagonals) have confirmed 
these observations'7-2L Only a few studies have tested other 
oblique orientations in addition to the main diagonals. The 
results here suggest the following detectability ordering 
(where '>' means better performance): vertical > horizontal 
> near vertical > diagonal > near horizontal > the other 
obliques 17-1v. This pattern is, however, incongruent with 
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human symmetry detection 
1 The human visual system has a preference for mirror 
symmetry, but that does not mean that other regularities, such 
as translational or rotational symmetries, cannot be detected. 
2 Mirror symmetry can be detected preartentively, but that 

dOeSno rolen°tatmeanall, that attentional or scanning strategies play :~ii" 

3 Mirror symmetry is easier to detect when the axis is ori- 
ented vertically than horizontally or obliquely, but the axis- 
orientation effect does not simply mimic the neural sensitiv- 
ities of orientation-selective cells. 
4 Mirror symmetry is easier to detect when the axis passes 
through the point of fixation, but that does not mean that it 
remains undetected at more peripheral locations. 
5 Detection of mirror symmetry depends most strongly on 

ii !i 

elements close to the axis, but the edge of a pattern is also 
important and symmetry can be detected without any 
elements close to the axis. 
6 Human symmetry detection is both robust and sensitive 
to small perturbations. 
7 The identiry and location of individual elements is less 
,mportant for high-density patterns than for low-density 
patterns. 

} { : 

the neurophysiological evidence on the oblique effect (i.e. 

the disadvantage of oblique orientations relative to vertical 

and horizontal), which indicates that the sensitivity of the 

visual system to orientation decreases with larger deviations 

from vertical and horizontal 2°. 

Moreover, recent research has clearly demonstrated that 

the detectability of mirror symmetry at a certain axis de- 

pends on the frequencies of different orientations within a 

block of trials 19. For example, when the 16 orientations 

tested were vertical, horizontal, the two diagonals, and 5 ° , 

10 ° and 15 ° deviations from the diagonals (clockwise 

and counterclockwise), performance was superior for the 

diagonal symmetries, not vertical or horizontal symmetry. 

These results imply that the orientation effects on symmetry 

detection are not completely determined by the fixed neural 

architecture of the visual system but can be modulated to 

a large extent by the subjects' scanning or attentional 
strategieslSa9.2L 

Location in the visual field 
If the salience of vertical symmetry were to depend on 

the bilateral symmetry of the brain, symmetric projection 

of retinal patterns to the cortical visual system would be 

essential for efficient symmetry detection. Although mirror 

symmetry is indeed easier to detect when the axis of re- 

flection passes through the point of fixation 17'22, central 

presentation is much less critical for closed patterns, such as 

Fig. 1A and 1B, than for dot patterns, such as Fig. 1C. This 

distinction suggests that symmetry detection might operate 

at two levels: for patterns with low spatial frequencies 

(e.g. Fig. 1A and 1B), the symmetric relations can be ex- 

tracted globally, whereas a point-by-point comparison 

seems required for patterns with high spatial frequencies 

(e.g. Fig. 1C-H) 2. 

Local versus global processing 
Although all elements in symmetric patterns need corre- 

sponding elements at the symmetric position on the other 

side of the axis, the visual system need not compare all of 

them to signal the presence of mirror symmetry. Three 

sources of evidence support this. 

First, several studies have demonstrated that the el- 

ements closest to the axis contribute most to the symmetry 
percept 3a7'23'24. However, even without corresponding in- 

ternal features in the immediate neighbourhood of the axis, 

bilateral symmetry can still be perceived 1° and elements near 

the edge of the pattern have been shown to play an impor- 
tant additional role lr'24. 

Second, small perturbations of many kinds often go un- 

noticed at first sight. For example, human faces are never 

perfectly symmetrical. This becomes evident, however, only 

when pictures of faces are cut vertically into two halves, 

which are then reflected to create two perfectly symmetric 

pictures. The faces in these pictures clearly differ from each 

other as well as from the original. This suggests that mirror 

symmetry is a canonical property that tends to be exagger- 
ated by the visual system z5'26. However, in animals where 

deviations from perfect symmetry can be correlated with 

gene deficiencies, it might be important to be able to detect 
those small perturbations as well 27'28. Somewhat surpris- 

ingly, psychophysical research supports both of these appar- 

ently conflicting intuitions 29. On the one hand, patterns 

with only 30% symmetric dot-pairs are still categorized as 

symmetric when they have to be discriminated from ran- 

dom distractors. On the other hand, small perturbations 

from perfect symmetry are detected in a perfect versus im- 

perfect symmetry discrimination task. Thus, symmetry de- 

tection is both robust and sensitive to perturbation m29. 

Third, in symmetrical displays consisting of oriented 

line elements, the spatial grouping (e.g. clustering) of the 

line segments has a larger effect on the detectability of the 

symmetry than their individual identities (e.g. their orien- 
tation relative to the axis of symmetry)12,30. These and other 

results suggest that the perception of symmetry might be 

nothing more than the conscious concomitant of the out- 

put of the normal filtering operations executed in parallel 

on a symmetrical display, which would make the locations 

of large-scale tokens (e.g. blobs) available before the figural 
identity of the elements 6'1~'17'21'29'31. This idea has been in- 

corporated into many different theoretical accounts or com- 

putational models of symmetry detection. 

Theoretical accounts and computational models of  

putative mechanisms for human symmetry detection 

Several decades of research into human symmetry detection 

have revealed many of its basic characteristics (Box 1). 

These constitute a surprisingly complicated pattern to cap- 

ture theoretically. One important question is whether a sin- 

gle mechanism can produce such a diversity of characteris- 

tics or, alternatively, whether a multitude of mechanisms 

exist for detecting symmetry in different conditions. For ex- 

ample, the salience of vertical symmetry at fixation has led 

some people to suggest that human symmetry detection is 

based on a point-by-point matching process between sym- 

metrically opposite loci in each cortical hemisphere that 
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would be mediated by fibres crossing over through the cor- 
pus callosum 1'2'9'32'33. Although there is some empirical sup- 

port for this hypothesis, it would necessarily imply the 

involvement of other mechanisms for detecting mirror 
symmetry at non-vertical orientations, or at locations in the 
visual field away from fixation. Detailed examination of 
psychophysical sensitivity functions of mirror symmetry de- 

tection has led other authors to suggest the existence of at 
least five distinct mechanisms for the detection of mirror 
symmetry only 34. At the other extreme are models that at- 
tempt to capture all sorts of regularity detection, including 
reflectional, translational and rotational symmetry, under 
one single theoretical umbrella, either in a process model s, 
or in a mathematical representation of pattern regularity 35. 

Theoretical accounts 

In the 1970s and early 1980s, several theoretical accounts of 
human symmetry detection were proposed that seemed to 
justify some of its basic characteristics but that were not de- 

tailed enough to elaborate algorithms that could be com- 
puter-simulated and tested. Firstly, for example, Palmer and 
Hemenway 5 proposed a dual-process model consisting of a 
selection-evaluation cycle. A potential axis of symmetry 
would first be selected by a rapid, but crude, analysis of 
symmetry in all orientations simultaneously. By establish- 
ing a perceptual reference frame in the appropriate orien- 
tation, a detailed evaluation would then be performed by 
explicit, pointwise comparison of the two pattern halves. 

This model can explain many of the well-established facts 
about symmetry detection. For example, that multiple sym- 
metries (i.e. created by reflection about more than one axis) 
are more salient than single symmetries can be explained by 
assuming a variable order of selection, which, on average, 
leads to faster axis selection when there are many axes to 
choose from. However, this model does not explain why 
the multiple symmetry advantage remains even when only 
symmetry about a specific axis has to be reported. 

Secondly, Barlow and Reeves 17 proposed that the only 

thing the visual system does in detecting symmetry is to 
compare dot densities measured in relatively large areas 
placed symmetrically about the putative axis of symmetry. 

Although this seems to be an operation that could be per- 
formed quite easily by visual neurons with fixed receptive 

fields, it is not at all clear how the visual system could make 
all the comparisons required for each different position and 
orientation of the axis without confusion. Moreover, this 
proposed mechanism cannot explain symmetry detection in 
patterns in which density has been made homogeneous, 

such as in Fig. 1C-H (Ref. 36). 
Thirdly, Jenkins 37 proposed that the detection of bilat- 

eral symmetry in dense dot textures involves three compo- 

nent processes: (1) a process that detects that the imaginary 
lines joining pairs of symmetrically positioned dots have 
uniform orientations; (2) a process that fuses the most 
salient point-pairs around the axis into a larger feature; and 
(3) a process that determines whether that larger-scale fea- 
ture is symmetrical, probably by determining whether the 
midpoints between the corresponding points are perfectly 
collinear. Assuming that each of these component processes 
responds differently to variations in axis orientation, this 
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model can explain a large number of experimental data 
without postulating the existence of a symmetrical neural 
organization centred about the fovea, However, if establish- 
ing orientational uniformity and midpoint collinearity are 
indeed the major processes underlying symmetry detection, 
it is not clear why symmetries such as those in Fig. 1H are 
more difficult to detect, because all the point-pairs in such 
patterns have the same orientation and collinear midpoints 
just as in Fig. 1C (see also Box 2). 

Thus, each of these three process models, representative 
of theoretical accounts of human symmetry detection for- 
mulated in the 1970s and early 1980s, has its own problems 
in addition to the fact that they are too general to be imple- 
mented computationally. As in many other areas of cogni- 
tive science, truly computational models came only later. 

Computational models 
One of the first explicit models of symmetry detection s'3s, 

including computer simulations of psychophysical results 
with an implemented version of the model, started from the 
observed failures of Jenkins' account 37. Whenever perfectly 
bilateral symmetry is viewed from a non-orthogonal view- 
point, the actual projection on the retina is skewed as in Fig. 
1H. This means that corresponding elements are not at or- 
thogonal positions across the axis, but at an orientation that 
differs from 90 ° , with an offset (i.e. the skew angle) deter- 
mined by the viewing position. An extensive series of exper- 
iments with these skewed symmetries demonstrated that 
symmetry becomes harder to detect with increasing skew 
angle, even when the point-pairs are oriented horizontally 
or have midpoints that are aligned vertically, as in the sim- 
ple case of perfect vertical mirror symmetry s'~s'38'39. What 

distinguishes skewed from non-skewed symmetries has, 
therefore, nothing to do with first-order regularities defined 
on point-pairs (such as orientational uniformity and mid- 
point collineariry; Fig. 2A). The critical difference is the 
presence of regular second-order structures in perfect 
mirror-symmetric patterns (such as symmetric trapezoids; 

Fig. Z&) which are destroyed by skewing (Fig. 2B). 
In our own model of symmetry detection 8'3s, it is as- 

sumed that these regular higher-order structures facilitate 
the propagation of local pairwise groupings, a process which 
was called 'bootstrapping'. The basic idea of the bootstrap 
model is that symmetric trapezoids specify a reference frame 
that suggests a unique direction within which other corre- 
spondences are much more likely to be found. In other 
words, the initial randomness in pairing of elements in a 
pattern within some local neighbourhood converges more 
rapidly and more efficiently to a coherent global structure 

(for further details, see Box 2). 
This bootstrap model was additionally tested by com- 

paring the effects of skewing in single, double and fourfold 
symmetries 38. As expected, skewing was only detrimental to 

the degree that it destroyed the higher-order structures. 
Even with other types of symmetry, such as those created by 
translation and rotation, it was shown that the detection of 
symmetry is easy when the pairwise correspondences are 
supported by regular higher-order structures and more dif- 
ficult when only lower-order structure is available 8. In the 
same study, a possible implementation of the bootstrap 

iili{! i i  i ....... i i i 4̧̧¸̧i̧  ̧~ ~ii~ill 
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Box 2. The bootstrap model 

The 'bootstrap model' is a process model that starts from the 
available information in a dot pattern (i.e. the locations of the 
dots). Dots are grouped in pairs using a virtual line to establish 
a connection. Initially, pairwise groupings are random although 
the grouping process has some built-in preferences (e.g. it starts 
in the middle of a pattern and it has a preference for short, 
horizontal virtual lines). Virtual lines connecting symmetrically 
positioned dots have uniform orientations and collinear mid- 
points, two properties that were found to be useful in symmetry 
detection a. In perfect mirror symmetry, a pair of virtual lines 

i l i [  
connecting symmetrically positioned dots also establishes a vir- 
tual quadrangle with correlated angles (called a 'correlation 
quadrangle', Fig. 2A-C). These correlation quadrangles estab- 
l i sha  local reference frame that suggests a unique direction 
within which other correspondences are much more likely to be 
found (i.e. the axis of symmetry). They facilitate the propa- 
gation of local pairwise groupings throughout the whole pattern 
so that the initial randomness in pairing of elements within 
some local neighbourhood becomes systematic much more 
easily, establishing a coherent global structure more rapidly and 
more efficiently. This automatic spreading-out of correspon- 
dences is called bootstrapping' 

When mirror-symmetric dot patterns are viewed from aside, 
one has so-called 'skewed symmetry' (Fig. 2D-F). As a result of 
skewing, the first-order regularities of the virtual lines (i.e. ori- 
entational uniformity and midpoint collinearity) are preserved 
but the second-order regularities of the virtual quadrangles are 
destroyed (i.e. the angles in the virtual quadrangles are no 
longer pair,vise correlated). Thus, bootstrapping is no longer 
possible. These properties of the bootstrap model provide ex- 
planations of the superior detectability of orthofrontal mirror 
symmetry compared with skewed symmetry ~'c, of double mirror 

symmetry compared with single mirror symmetry s'~°, and of 
the smaller effect of skewing with multiple symmetries b. 

The implemented version of the model consists of two basic 
parts. The first is a function that captures the cost of grouping. 
It has two components, one for the first-order regularity (quanti- 
fied as the deviation from parallelism) and one for the second-order 
regularity (quantified as the deviation from pairwise correlated 
angles). The second basic part of the bootstrap model is an 
algorithm that optimizes the cost function using a procedure 
that is similar to simulated annealing s. It makes local groupings 
that are initially random converge to a stable organization that 
reflects the true global structure of a pattern. It has one free pa- 
rameter, the initial 'temperature', that determines how easily 
initial groupings can change. While the grouping process con- 
tinues (in several iterative steps), the temperature is decreased so 
that the chance that groupings are destroyed also decreases. 
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model was proposed, and good qualitative agreement was 

obtained between the experimental data and the simulation 

results. 
The  specific details of  the bootstrap model in its current  

form can be applied only to high-spatial-frequency, low- 

density patterns consisting of  discrete elements (preferably 

dots). However, a model  along the same lines could be 

developed for low-spatial-frequency patterns, such as dense 

dot  textures or closed figures, by assuming that the 

processes operate on the centroids of  blobs or the vertices of  

polygons. The  centroids of  blobs could be obtained from a 

filter model like the one proposed by Dakin and Watd'L 

As indicated earlier, several findings about  h u m a n  sym- 

metry detection suggest that  spatial filtering mechanisms 

are involved. For example, the area around the midline of  

bilaterally symmetric patterns contributes more to the per- 

ception of  symmetry than other areas, and position-based 

grouping of  individual elements into larger clusters is often 

more impor tan t  than their featural identity. It is Dakin and 

Wat t ' s  major contr ibut ion to have been the first to capture 

this into an explicit filter model 4°. It comprises two parts, a 

filter to obtain the major clusters or blobs, and a mechanism 

to compare the locations of  the blobs along the putative axis 

of  symmetry. The  filters work either homogeneously in all 

directions or with  a bias in a certain orientat ion (e.g. or- 

thogonal  to the axis of  symmetry); the matching  scheme 

was either a perfect, but  computat ionally very demanding,  

correlation measure or an approximate, but  neurally more 

plausible, a l ignment  measure. Combina t ions  of  these filters 

and matching  schemes thus provided four possible models. 

Several sets of  well-established findings lv'37 were simulated 

to test the plausibility of each of the four models as mecha- 

nisms for human  symmetry detection. On ly  the perfor- 

mance of  the model  with  oriented filters in combinat ion  

with the a l ignment  matching  scheme was consistent with  

h u m a n  performance in all conditions. 

A final model, which was also implemented  compu-  

tationally and tested against h u m a n  performance, is a 

three-stage computat ional  model  for the detection of  mirror  

symmetry in dense texture-like patterns with oriented line 

segments 3°. In the first stage, primitive elements with simi- 

lar features (e.g. length and orientation) are grouped into a 

smaller number  of  clusters. In the second stage, pairs of  

clusters are compared to establish local symmetry axes. In 

the third and final stage, the local symmetries are aggregated 

to form global symmetry relations. It  should be pointed out  

that  the first and final stages are useful in many more visual 

tasks than merely symmetry detection. Another  interesting 

aspect of  this model is that  it seems to integrate aspects of  

bo th  earlier models. Thus,  al though the specific algorithms 
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differ, the computations performed in the 
first and second stage are similar to those 
performed by both components of Dakin 
and Watt's filter model 4°, while the 
computations of the second and third 
stage are similar to those performed by 
both components of our own bootstrap 
model 8,38. An extensive discussion of all 

relationships between these three models 

is beyond the scope of the present review. 
However, it should be clear that they need 
not be considered as mutually exclusive 
approaches. 

Conclusions 
Human symmetry detection appears to 
be a benchmark case for cognitive science. 
Extensive experimental research has dem- 
onstrated convincingly that it is a re- 
markably efficient and versatile process, 
like many other perceptual and cognitive 

processes produced by the human mind. 
Computational models have begun to 
tackle the challenge of unravelling the 
details of its mechanisms in ways that 
attempt to integrate three mutually con- 
straining requirements: to do justice to as 
many basic characteristics as possible of the mechanisms 
that have been discovered by experimental psychology, to 
formulate algorithms in enough detail to allow computer 
implementation, and to take into consideration as much 
as possible of what we know about the visual system as 
implemented in the human brain. 
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Fig. 2 The effect of skewing on first-order and second-order structure. (A) A random-dot pattern with 
mirror symmetry, along with its first-order structure (i.e. parallel virtual lines) and (B) its second-order structure 
(i.e. virtual correlation quadrangles). The correlated angles (C) are indicated for a few of them. These correlated 
second-order regularities facilitate bootstrapping (see Box 2). (D) A random-dot pattern with skewed mirror 
symmetry. Although its first-order structure is preserved, the virtual quadrangles (E) are now no longer of the 
correlational type because the angles (F) are no longer pairwise correlated. 

Outstanding questions 

• What  does it mean to  say tha t  mir ror  symmetry is detected 
preat tent ively? Clearly, a t ten t iona l  strategies sometimes play a role, as in 
determin ing the o r ien ta t ion  ef fect  and in detect ing small per turbat ions.  
Is mir ror  symmetry strong enough to  capture a t ten t ion  also when  it is 
present in the per iphery o f  a crowded scene? If so, it could be useful f o r  
perceptual processes preceding object ident i f icat ion,  such as 
segmentat ion and eye movement  guidance. 

• Detect ion o f  vert ical mi r ror  symmetry at f i xa t ion is clearly super ior  to  
detect ion o f  non-vert ical  mir ror  symmetries away f rom f ixa t ion  or  o ther  
types o f  symmetry. To wha t  extent  does this imply a role fo r  the 
bi lateral  symmetry o f  the visual cortex? What  is the ecological 
signif icance o f  vertical mi r ror  symmetry? Two-dimensional  bi lateral  
symmetry does not  seem to  be more common than o ther  regularit ies, 
especially when  not  restricted to  o r thogona l  v iewing condit ions. Perhaps 
it has become impor tant  because o f  the role o f  facial expression in social 
relationships. 

• How can we explain tha t  symmetry detect ion is, at the same time, robust 
and sensitive to  small per turbat ions? Are t w o  separate processes 
involved, or  is it a mat ter  o f  tun ing  into d i f fe ren t  aspects o f  the same 
perceptual representat ion? 

• Grouping o f  ne ighbour ing  elements sharing similar propert ies clearly 
plays a role in symmetry detect ion but  symmetry itself has been 
ident i f ied by Gestalt psychology as a g roup ing  factor.  Is this a case o f  
mutual  re in forcement  o f  d i f fe ren t  g roup ing  principles (i.e, proximity,  
similarity, symmetry), which is typical f o r  Gestalt phenomena? Similarly, 
the  essential role o f  elements close to  the axis suggests some sort o f  
interact ion between local posit ion-based group ing  and more g lobal  
symmetry detect ion. Is 'boots t rapp ing '  the best way to capture this 
paral lel  and interact ive way o f  processing? 

• A large number  o f  factors have been shown to  inf luence the 
detectabi l i ty  o f  symmetry, but  symmetry detect ion nevertheless 
appears to  be a remarkably  robust and versati le process. Do we have to  
capture this paradox  theoret ica l ly  by one single mechanism tha t  can 
operate  in a large number  o f  condit ions, or by a large number  o f  highly 
specialized symmetry detect ion mechanisms f o r  each o f  these 
condit ions? 
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Finally, the end of the first year of Trends in Cognitive Sciences. 

The first year of the existence of any journal is a gradual learning period during which the journal 
relies upon the goodwill, cooperation and support of all the people who contribute to its 
production and distribution. Trends in Cognitive Sciences was no exception. We would therefore 
like to acknowledge and thank the authors and the referees for their excellent contributions. Their 
extremely rapid and good-natured responses to our requests were a vital part of the first year of 
the journal. We would also like to thank the Advisory Editorial Board for their valuable advice, 
suggestions and enthusiastic support during this period. We also hope that you, the readers, 
have enjoyed 1997 as much as we have, and we look forward to your continued support and 
encouragement in the coming years. 
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