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Abstract
Detection of (mirror) symmetry - which is abundantly present in the world - is 
often assumed to be an integral part of the perceptual organization process that 
is applied to every visual stimulus. On the one hand, as reviewed in this article, 
the exact role of symmetry in perceptual organization is actually rather elusive 
due  to  its  interaction  with  other  grouping  factors.  On  the  other  hand,  the 
detectability  of  single  and  multiple  symmetry  is  indeed  extraordinary  in 
comparison to that of repetition and Glass patterns. Empirical and theoretical 
findings pertaining to this detectability  are discussed, focusing on converging 
evidence rather than on details of individual studies, and putting various findings 
in evolutionary perspectives. Reflecting a seeming opposition between process 
models  and  representation  models,  a  specific  question  is  whether  symmetry 
detection relies on crude or precise correspondences between symmetry halves. 
Both stances find psychophysical support, and this article ends with a unification 
proposal.
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1. Introduction

Mirror symmetry (henceforth, symmetry) is a visual regularity that can be 
defined by configurations in which one half  is the mirror image of the 
other (see Figure 1a) - these halves then are said to be separated by a 
symmetry  axis.1 Albeit  with  fluctuating  degrees  of  asymmetry,  it  is 
abundantly present in the world. For instance, the genetic  blueprint of 
nearly every organism implies a symmetrical body - if the mirror plane is 
vertical, this conveniently yields gravitational stability. Furthermore, many 
organisms tend to organize things in their environment such that they are 
symmetrical - think of bird nests and human art and design (Hargittai, 
1986;  Shubnikov  &  Koptsik,  1974;  Washburn  &  Crowe,  1988;  Weyl, 
1952; Wynn, 2002; van Tonder, Chapter 46; Koenderink, Chapter 47). 
Presumably, for organisms with symmetrical bodies, symmetrical things 
are practical to make and to work with (Allen, 1879). Think also of the 
preference  which  many  organisms  have  for  more  symmetrical  shapes 
over less symmetrical ones in mate selection and, by pollinators, in flower 
selection (Møller, 1992, 1995; Johnstone, 1994; Swaddle & Cuthill, 1993). 
This preference presumably favors mates and flowers with high genetic 
quality  (Møller,  1990).  Currently  relevant  is  that  it  also  requires  a 
considerable perceptual sensitivity to symmetry - which many species of 
mammals, birds, fish, and insects indeed are known to have (Barlow & 
Reeves, 1979; Beck, Pinsk, & Kastner, 2005; Giurfa, Eichmann, & Menzel, 
1996; Horridge, 1996).

In human perception research, detection of symmetry is in fact assumed 
to  be  an  integral  part  of  the  perceptual  organization  process  that  is 
applied to every incoming visual stimulus (Tyler, 1996; van der Helm & 
Leeuwenberg,  1996;  Wagemans,  1997).  This  assumption  has  been 
related to the idea that extraction of regularities like symmetry can be 
used  to  model  the  outcome  of  the  perceptual  organization  process, 
because it would allow for efficient mental representations of patterns (for 
more details about this idea and its potentially underlying neuro-cognitive 
mechanisms, see van der Helm, Chapter 57). It has also been related to 
the idea that the high perceptual sensitivity to symmetry arose because 
the  evolution  of  visual  systems  selected  individual  regularities  on  the 
basis of their relevance in the world (Tyler, 1996). It may, however, also 
have arisen because the evolution selected a general regularity-detection 
mechanism with sufficient survival value (cf. Enquist & Arak, 1994). The 
latter  option  suggests  a  package  deal:  to  survive,  a  visual  system's 
detection mechanism may pick up irrelevant regularities as long as it also 
picks up relevant regularities.

The  foregoing  indicates  that  perceptual  organization  and  evolutionary 

1 This definition reflects the common usage of the word symmetry. In mathematics, the word symmetry is also 
used to refer to any configuration that remains invariant under certain transformations; this definition is suited to 
classify visual regularities, but another definition is needed to model their perception (see Section 4).
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relevance provide an appropriate context for an appreciation of symmetry 
perception. It also indicates that, to this end, it is expedient to consider 
symmetry  in  reference  to  other  visual  regularities  (i.e.,  regularities  to 
which the visual system is sensitive; see Figure 1). These starting points 
reverberate in the next evaluation of the presumed role of symmetry in 
perceptual organization, as well as in the subsequent review of research 
on symmetry perception. Notice that it would take too much space to give 
a  detailed  account  of  this  extensive  research  field  in  which empirical 
evidence is based on many different experimental  designs and stimuli. 
Evidence,  however,  is  always evidence of  something.  Therefore, rather 
than elaborating on details of empirical studies (which readers may look 
up using the given references), this review focuses on the conclusions 
that  can be drawn from them, to  look for  converging evidence for  or 
against proposed ideas, theories, and models.

Figure 1.  Visual  regularity.  (a)  A symmetry -  left  and right hand halves are 
mirror images of each other. (b) A Glass pattern with coherently-oriented dot 
dipoles at random positions. (c) A repetition with four identical subpatterns (the 
repeats).  (d) Multiple symmetries with two and three global  symmetry axes, 
respectively.

2. The role of symmetry in perceptual organization

Mach (1886) was surely not the first to notice that symmetry is visually 
salient, but he is to be credited for his pioneering empirical work on the 
role of symmetry in visual perception. After that, for instance, the Gestalt 
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psychologists  (Koffka,  1935;  Köhler,  1920;  Wertheimer,  1912,  1923) 
identified  symmetry  as  a  factor  in  perceptual  grouping,  and  Bahnsen 
(1928) concluded that symmetry influences figure-ground segmentation. 
Such seminal work triggered, in the second half of the 20-th century, an 
enormous increase in the number of symmetry studies.

Other  reasons  for  that  increase  were  not  only  that  symmetry  was 
recognized as being relevant in the world (see Section 1), but also that it 
is suited to study the mechanisms by which the visual system picks up 
information from stimuli. Formal process models of symmetry detection 
are discussed later  on,  but  here,  it  is  expedient  to  briefly  address its 
neural basis. In this respect, notice that grouping principles seem to be 
effective throughout the hierarchical  visual  process (Palmer,  Brooks,  & 
Nelson, 2003), so that it may not be possible to assign a specific locus to 
symmetry  detection.  Indeed,  various  neuroscientifical  studies  used 
symmetry patterns as stimuli, but thus far, the data are too divergent to 
draw firm conclusions about locus and timing of symmetry detection in 
the  brain.  One  thing  that  seems  clear,  however,  is  that  the  lateral 
occipital complex (LOC) is prominently involved (Beh & Latimer, 1997; 
Sasaki et al., 2005; Tyler & Baseler, 1998; Tyler et al., 2005; van der 
Zwan  et  al.,  1998).  The  LOC  in  fact  seems  a  hub  where  different 
perceptual-grouping tendencies interact, which agrees with ideas that it is 
a shape-selective area associated with perceptual organization in general 
(Grill-Spector, 2003; Malach et al., 1995; Treder & van der Helm,  2007). 
Hence, the neuroscientific evidence may still be scanty, but all in all, it 
adds to the above-mentioned idea that symmetry is relevant in perceptual 
organization.

In cognitive science, behavorial research into this idea yielded evidence 
that symmetry plays a role in issues such as object recognition (Pashler, 
1990; Vetter & Poggio, 1994), figure–ground segregation (Driver, Baylis, 
&  Rafal,  1992;  Leeuwenberg  &  Buffart,  1984;  Machilsen,  Pauwels,  & 
Wagemans, 2009), and amodal completion (Kanizsa, 1985; van Lier, van 
der Helm, & Leeuwenberg, 1995). It further finds elaboration in structural 
description  approaches,  that  is,  formal  models  which  -  using  some 
criterion - predict preferred stimulus interpretations on the basis of view-
independent specifications of the internal structure of objects. Some of 
these approaches work with a-priori fixed perceptual primitives like the 
volumetric building blocks called geons (e.g., Biederman, 1987; Binford, 
1981), which is convenient for object recognition. Other approaches (e.g., 
Leeuwenberg, 1968, 1969, 1971;  Leeuwenberg & van der Helm, 2013) 
allow primitives to be assessed flexibly, that is, in line with the Gestaltist 
idea that the whole determines what the perceived parts are. The latter is 
more plausible regarding object perception (Kurbat, 1994; Leeuwenberg, 
van der Helm, & van Lier, 1994; Palmer & Rock, 1994), but in both cases, 
symmetry is taken to be a crucial component of how perception imposes 
structure on stimuli. In Leeuwenberg's approach, for instance, symmetry 
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is  one  of  the  regularities  exploited  to  arrive  at  simplest  stimulus 
organizations  in  terms  of  objects  arranged  in  space  (van  der  Helm, 
Chapter 57). Furthermore, in Biederman's approach, symmetry is taken 
to  define  geons  because  it  is  a  so-called  nonaccidental  property:  if 
present in the proximal stimulus, it is also likely to be present in the distal 
stimulus (Biederman, Chapter 28; Feldman, Chapter 16).

However, the proximal features of symmetry vary with viewpoint, and this 
drives a wedge between the perception of symmetry as such and its role 
in object perception (Schmidt & Schmidt, 2013; Wagemans, 1993). That 
is,  symmetry  is  effective  as  nonaccidental  property  only  when  viewed 
orthofrontally  -  then,  as  discussed  later  on,  it  indeed  has  many 
extraordinary  detectability  properties.  Yet,  in  structural  description 
approaches,  it  is  taken  to  be  effective  as  grouping  factor  also  when 
viewed non-orthofrontally. This touches upon the more general problem 
of viewpoint generalization: how does the visual system arrive at a view-
independent representation of a three-dimensional (3D) scene, starting 
from a two-dimensional (2D) view of this scene?

Viewpoint generalization has been proposed to involve normalization, that 
is, a mental rotation yielding a canonical 2D view of a scene (e.g., Szlyk, 
Rock, & Fisher, 1995). This presupposes the generation of candidate 3D 
organizations which, subsequently, are normalized. However, Sawada, Li, 
and Pizlo (2011) not only showed that any pair of 2D curves is consistent 
with a 3D symmetry interpretation, but also argued that it is implausible 
that every such pair is perceived as being symmetrical. View-dependent 
coincidences,  for  instance,  have  a  strong  effect  on  how  a  scene  is 
perceptually  organized,  and  may  prevent  interpretations  involving 
symmetry (van der Helm, Chapter 57). Likewise, detection of symmetry 
viewed  in  perspective  or  skewed  (i.e.,  sheared  plus  rotated,  yielding 
something close to perspective) seems to rely on proximal features rather 
than  on  hypothesized  distal  features.  That  is,  it  deteriorates  as  its 
proximal features are more perturbed (van der Vloed, Csathó, & van der 
Helm, 2005; Wagemans, van Gool, & d'Ydewalle, 1991).

Also when viewed orthofrontally, the grouping strength of symmetry is 
elusive. Symmetry is  often thought to be a cue for the presence of a 
single  object  -  as  opposed  to  repetition  which  the  Gestaltists  had 
identified as a grouping factor too (under the umbrella of similarity), but 
which rather is a cue for the presence of multiple objects. However, it 
seems safer to say that symmetry is better detectable when it forms one 
object than when the symmetry halves form separate objects, and that 
repetition  is  less  detectable  when  it  forms  one  object  than  when  the 
repeats form separate objects. At least, this is what Corballis and Roldan 
(1974)  found  for  dot  patterns  in  which  grouping  by  proximity  was 
responsible  for  the  perceived  objects.  To  tap  more  directly  into  the 
grouping process, Treder and van der Helm (2007) used stereopsis to 
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assign symmetry halves and repeats to different perceived depth planes. 
The process of depth segregation is known to take a few hundreds of 
milliseconds,  and  they  found  that  it  interacts  hardly  with  repetition 
detection but strongly with symmetry detection. This suggests that the 
segregation into separate objects (i.e., the depth planes) agrees with the 
perceptual  structure of repetition but not with that of symmetry.  In a 
similar  vein,  Morales  and Pashler (2002) found that  grouping by color 
interfers with symmetry detection, in a way that suggests that individual 
colors are attended one at a time.

The foregoing perhaps questions the grouping capability of symmetry, but 
above  all,  it  shows  the  relevance  of  interactions  between  different 
grouping factors. In any case, further investigation is required to see if 
firmer conclusions can be drawn regarding the specific role of symmetry 
in the build-up of perceptual organizations. Furthermore, notice that the 
foregoing  hardly  affects  considerations  about  the  functionality  of 
symmetry  in  the  world  -  after  all,  this  functionality  takes  effect  once 
symmetry  has  been  established.  It  also  stands  apart  from  the 
extraordinary detectability properties that are discussed next.

3. Modulating factors in symmetry detection

Whereas  the  foregoing  sections  discussed  the  context  of  research  on 
symmetry perception, the remainder of this chapter focuses on symmetry 
perception as such. The essence of detecting symmetry and other visual 
regularities in a stimulus is that correlations between stimulus parts are to 
be assessed to establish if a stimulus exhibits some form of regularity. 
The central question therefore is: which correlations between which parts 
are  to  be assessed,  and how? This  question is  addressed in  the  next 
sections  by  discussing  various  models  and  their  accounts  of  observed 
phenomena.  Before  that,  this  section  addresses  four  of  the  most 
prominent general factors that can be said to have a modulating effect on 
those  correlations  between  parts,  namely,  absolute  orientation, 
eccentricity, jitter, and proximity.

3.1. Absolute orientation
The absolute orientation of symmetry axes is known to be relevant (for 
effects of the relative orientation of symmetry axes, see Section 5.3). The 
effect usually found is that vertical symmetry (i.e., with a vertical axis) is 
more salient  than horizontal  symmetry  which,  in  turn,  is  more salient 
than oblique symmetry (see, e.g., Barlow & Reeve, 1979; Baylis & Driver, 
1994; Kahn & Foster, 1986; Palmer & Hemenway, 1978; Rock & Leaman, 
1963).  This  usually  found  vertical-symmetry  advantage  has  been 
attributed to the neural architecture of the brain (Julesz, 1971), but the 
evidence for  that  is  not  conclusive  (Corballis,  Miller,  & Morgan,  1971; 
Herbert & Humphrey, 1996; Jenkins, 1983). Furthermore, other studies 
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did not find this usual effect or found even an opposite effect (see, e.g., 
Corballis & Roldan, 1975; Fisher & Bornstein, 1982; Jenkins, 1983, 1985; 
Locher  &  Smets,  1992;  Pashler,  1990;  Wagemans,  van  Gool,  & 
d'Ydewalle,  1992).  In  any  case,  notice  that  horizontal  symmetry  and 
vertical  symmetry  are  not  different  regularities  but  are  the  same 
regularities in different absolute orientations. Hence, it might well be that 
effects  of  absolute  orientation  result  from  visuo-cognitive  interactions 
(e.g.,  with  the  vestibular  system)  rather  than  from  purely  visual 
processes (cf. Latimer, Joung, & Stevens, 1994; Wenderoth, 1994).

3.2. Eccentricity
Detection of symmetry deteriorates as it is presented more eccentrically 
(Saarinen, 1988), but if scaled-up properly, it can maintain the same level 
of detectability (Tyler, 1999). This scaling-up compensates for the fact 
that  eccentric  receptive  fields  are  sensitive  to  relatively  large-scale 
information, as opposed to foveal receptive fields which are sensitive to 
relatively small-scale information. Hence, this is a general property of the 
visual system and not specific to symmetry which, apparently, remains 
equally  detectable  across  the  visual  field  if  this  factor  is  taken  into 
account (see also Sally & Gurnsey, 2001).

3.3. Jitter
Jitter  refers  to  relatively  small,  dynamic,  displacements  of  stimulus 
elements. Then, but also in case of small static displacements, regularity 
detection  depends  on  the  visual  system's  tolerance  in  matching 
potentially corresponding elements in symmetry halves or repeats. This 
tolerance too is a general property of the visual system and not specific to 
regularity detection. In any case, Barlow and Reeves (1979) found that 
symmetry detection is quite resistant to jitter. Furthermore, Dry (2008) 
proposed Voronoi tesselation as a scale-independent mechanism yielding 
stimulus-dependent  tolerance  areas.  Such  a  mechanism  can,  in  any 
model,  be  adopted  to  account  for  the  visual  system's  tolerance  in 
matching elements.

3.4. Proximity
Proximity effects refer to the fact that stimulus elements that are closer to 
each other can be matched more easily (this is not to be confused with 
the  Gestalt  law  of  proximity,  which  is  not  about  matching  but  about 
grouping).  For  instance,  whereas  detection of  n-fold  repetition  (i.e.,  n 
juxtaposed repeats) can only start to be successful by matching elements 
that are one repeat apart, symmetry detection can already start to be 
successful  by  matching  elements  near  the  axis  of  symmetry.  Jenkins 
(1982) in fact proposed that symmetry detection integrates information 
from only a limited region about the axis of symmetry: his data suggested 
that  this  integration  region  (IR)  is  a  strip  approximately  1  deg  wide, 
irrespective of the size of the texture at the retina. Dakin and Herbert 
(1998) specified this  further:  their  data suggested that  the IR has an 

7



aspect  ratio  of  about  2:1,  and  that  its  size  scales  with  the  spatial 
frequency content of the pattern. Thus, for homogeneous blob patterns 
for instance, the IR scales with blob size, so that it steadily covers a more 
or less constant number of features.

Noticing  this  scale  invariance,  however,  Rainville  and  Kingdom (2002) 
proposed that the size of the IR is not determined by spatial frequency 
but by the spatial density of what they called "microelements": their data 
suggested that the IR covers about 18 such informational units regardless 
of  their  spatial  separation.  This  agrees  with studies reporting that the 
detectability  of  symmetry does not  vary with  the number of  elements 
(i.e.,  no  number  effect)  for  symmetries  with  more  than  about  20 
elements  (e.g.,  Baylis  &  Driver,  1994;  Dakin  &  Watt,  1994;  Olivers, 
Chater,  &  Watson,  2004;  Tapiovaara,  1990;  Wenderoth,  1996a).  For 
symmetries  with  less  than about 20 elements,  however,  these studies 
reported opposite effects, and this hints at an explanation that takes into 
account  that  symmetry  detection  is  an  integral  part  of  perceptual 
organization, as follows (see also van der Helm, 2013).

For any stimulus - including symmetry stimuli - a symmetry percept is 
basically just one of the possible outcomes of the perceptual organization 
process; it results only if it is stronger than other percepts. It is true that 
a  symmetry  percept  is  bound to  result  for  a  really  otherwise-random 
symmetry  stimulus,  but  such  stimuli  are  rare  if  not  impossible.  A 
symmetry structure with many symmetry pairs is usually strong enough 
to overcome spurious structures, but the smaller the number of symmetry 
pairs  is,  the  harder  it  is  to  construct  a  symmetry  stimulus  without 
spurious structures. This also implies that, in dense stimuli, such spurious 
structures are more prone to arise in the area near the axis. In case of 
small  numbers  of  symmetry pairs,  such spurious  structures  may have 
various effects on detection (see below), and in general, they may give 
the impression that only the area near the axis is decisive.

In sum, it is true that proximity plays a role in symmetry perception, and 
the area near the symmetry axis is indeed relatively important. Notice, 
however,  that  Barlow  and  Reeves  (1979)  already  found  that  also 
symmetry information in the outer regions of stimuli is picked up quite 
effectively (see also Tyler et al., 2005; van der Helm & Treder, 2009; 
Wenderoth, 1995). Furthermore, even if symmetry processing would be 
restricted to a limited stimulus area, then this would not yet specify which 
stimulus information in this area is processed, and how. The latter reflects 
the fundamental question that formal models of symmetry detection focus 
on. That is, the factors discussed here can of course be taken into account 
in model applications, but are usually not at the heart of formal models. 
This  is  already  an  indication  of  their  scope,  which  is  next  discussed 
further.
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4. The scope of formal models of symmetry detection

Existing formal models of symmetry detection can be divided roughly into 
representation  models  and  process  models  (these  are  also  discussed 
separately  in  the  next  two  sections).  Whereas  process  models  rather 
focus  on  performance  (how  does  the  detection  process  proceed?), 
representation models rather focus on competence (what is the result?). 
In  other  words,  whereas  process  models  rather  focus  on  detection 
mechanisms,  representation  models  rather  focus  on  detectability,  or 
salience,  in  terms  of  the  strength  of  symmetry  percepts.  Of  course, 
eventually, this difference in scope should be overcome to obtain a unified 
account, and a possible unification direction is discussed at the end of this 
chapter.

Furthermore, as a rule, formal models of symmetry detection start from 
ideas about the perceptual structure of symmetry, that is, about the parts 
that are to be correlated somehow to assess if symmetry is present in a 
stimulus.  Models  may  differ  fundamentally  regarding  these  ideas  (see 
below), but these ideas usually imply that the models are applicable only 
to  single  and  nested  symmetries,  possibly  perturbed  by  noise.  For 
instance,  if  an  experimental  task  involves  the  detection  of  a  local 
symmetry  among  juxtaposed  local  symmetries,  then  humans  perform 
about the same as when this context were noise (either case is also called 
crowding, and in either case, symmetry is known to not pop-out; Nucci & 
Wagemans, 2007; Olivers et al., 2004; Olivers & van der Helm, 1998; 
Roddy  &  Gurnsey,  2011).  Indeed,  to  a  particular  local  symmetry, 
juxtaposed local symmetries actually constitute noise, and this is usually 
also  how  such  situations  are  treated  by  formal  models  of  symmetry 
perception.

Moreover,  many  models  are  tailored  specifically  to  symmetry  (e.g., 
Chipman, 1977;  Dakin & Watt, 1994; Dry, 2008; Masame, 1986, 1987; 
Yodogawa,  1982; Zimmer, 1984). Ideally, however, a model should be 
equally applicable to other visual regularities (i.e., repetition and Glass 
patterns; see Figure 1bc). To this end, one might invoke considerations 
about visual regularity in general. In the 20-th century, this led first to 
the transformational  approach, and later,  to the holographic approach. 
Both approaches propose a formal criterion for what visual regularity is, 
and they conclude to more or less the same visual regularities. However, 
they  rely  on  fundamentally  different  mathematical  formalizations  of 
regularity, and as a result, they assign different structures to those visual 
regularities.  The  mathematical  details  are  beyond  the  scope  of  this 
chapter, but the following gives a gist.

According  to  the  transformational  approach,  visual  regularities  are 
configurations  that  remain  invariant  under  certain  transformations 
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(Palmer, 1983). This idea of invariance under motion relies on the same 
formalization  as  used  in  the  classification  of  crystals  and  regular  wall 
patterns  (Shubnikov  &  Koptsik,  1974;  Weyl,  1952).  It  holds  that 
symmetry  and  repetition  are  visual  regularities  because  they  remain 
invariant under a 180° 3D rotation about the symmetry axis and a 2D 
translation the size of one or more repeats, respectively. Because these 
transformations  identify  entire  symmetry halves or entire  repeats  with 
each  other,  they  can  be  said  to  assign  a  block  structure  to  both 
regularities (see Figure 2a).

Figure 2. (a) The transformational approach relies on invariance under motion; it 
assigns a block structure to both symmetry (at the left) and repetition (in the 
middle), because entire symmetry halves and entire repeats are the units that 
are identified with each other by the shown transformations. (b) The holographic 
approach  relies  on  invariance  under  growth;  it  assigns  a  point  structure  to 
symmetry,  a  block structure  to  repetition,  and a  dipole  structure  to  -  here, 
translational - Glass patterns (at the right), because symmetry pairs, repeats, 
and dipoles, respectively,  are the units by which these configurations can be 
expanded preserving the regularity in them.

However,  its  applicability  is  unclear  for  Glass  patterns  (which  are  as 
detectable as symmetry; see below). Originally, Glass (1969) constructed 
the patterns named after him by superimposing two copies of a random 
dot pattern - one slightly translated or rotated with respect to the other, 
for  instance.  With  the  transformational  approach  in  mind,  this 
construction method suggests that the resulting percept too is that of a 
whole consisting of  two overlapping identical  substructures  (i.e.,  those 
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two copies).  This  also  seems to  comply  with  a  grouping over  muliple 
views as needed in case of binocular disparity and optic flow (Wagemans, 
van  Gool,  Swinnen,  &  van  Horebeek,  1993).  However,  the  actually 
resulting  percept  rather  seems  to  require  a  framing  in  terms  of 
relationships  between  randomly  positioned but  coherently  oriented  dot 
dipoles  (see  Section  5.2).  Furthermore,  in  original  rotational  Glass 
patterns, the dipole length increases with the distance from the center of 
the  pattern,  but  later,  others  consistently  constructed  rotational  Glass 
patterns  by  placing  identical  dot  dipoles  in  coherent  orientations  at 
random positions (as in Figure 1b). The two types of Glass patterns do 
not seem to differ in salience but, by the transformational construction 
above,  the  latter  type  would  be  a  perturbed  regularity.  Because 
transformational  invariance  requires perfect  regularity,  however, the 
transformational  approach has  a  problem with  perturbed  regularity.  A 
formal solution might be to  cross-correlate corresponding parts, but in 
symmetry for instance, a simple cross-correlation of the two symmetry 
halves  does  not  seem  to  agree  with  human  performance  (Barlow  & 
Reeves, 1979; Tapiovaara, 1990).

This  unclarity  regarding  Glass  patterns  adds  to  the  fact  the 
transformational approach does not account for the key phenomenon - 
discussed later on in more detail - that symmetries and Glass patterns are 
about  equally  detectable  but  generally  better  detectable  than  2-fold 
repetitions  (notice that  they all  consist  transformationally  of  the same 
number of corresponding parts; cf.  Bruce & Morgan, 1975). Hence, the 
transformational approach may account for how visual regularities can be 
classified, but not for how they are perceived preceding classification.

This drawback does not hold for the holographic approach (van der Helm 
& Leeuwenberg,  1996, 1999,  2004). This approach is also based on a 
rigorous  mathematical  formalization  of  regularity  in  general  (van  der 
Helm  &  Leeuwenberg,  1991),  but  the  difference  is  that  it  relies  on 
invariance under growth (which agrees with how mental representations 
can be built up). To give a gist, according to this approach, symmetries, 
repetitions, and Glass patterns are visual regularities because, preserving 
the  regularity  in  them,  they  can  be  expanded  stepwise  by  adding 
symmetry pairs, repeats, and dot dipoles, respectively. This implies that 
these regularities can be said to be assigned a point structure, a block 
structure, and a dipole structure, respectively (see Figure 2b). Thereby, 
this mathematical formalization supports a structural differentiation that, 
as  discussed next,  seems to  underlie detectability  differences between 
visual regularities (see also Attneave, 1954; Bruce & Morgan, 1975).

5. Representation models of symmetry detection

As  indicated,  representation  models  of  symmetry  perception  focus  on 
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detectability, or salience, in terms of the strength of symmetry percepts. 
As a rule, such models capitalize on the concept of weight of evidence 
(MacKay,  1969)  -  that  is,  they  provide  a  measure  of  the  weight  of 
evidence  for  the  presence  of  symmetry  in  a  stimulus.  This  typically 
implies that the somehow quantified amount of symmetry information in a 
stimulus  is  normalized  by  the  somehow  quantified  total  amount  of 
information in the stimulus. Thereby, such a measure is a metric of the 
strength of the symmetry percept, and can be applied to both perfect and 
perturbed symmetry. This also holds for the holographic model which is 
based on considerations about visual regularity in general but which, for 
symmetry, is usually not outperformed by models tailored specifically to 
symmetry. Therefore, here, this holographic model is taken as a robust 
representative. It is specified in terms of multi-element stimuli (like the 
dot  stimuli  in  Figure  2),  but  notice  that  such  stimuli  allow  for 
straightforward generalizations to other stimulus types.

Next,  the  predictive  power  of  this  holographic  model  is  evaluated  for 
perfect  symmetry  (in  comparison  to  repetition  and  Glass  patterns), 
perturbed symmetry (also in comparison to repetition and Glass patterns, 
and focusing on cases of noise added to a perfect regularity), and multiple 
or  n-fold symmetry (i.e.,  patterns  with  n global  symmetry  axes)  -  all 
viewed orthofrontally (some examples are given in Figure 1). To this end, 
various detectability phenomena are considered, some of which are put in 
an evolutionary perspective.

5.1. Perfect symmetry
In the holographic model, the support for the presence of a regularity is 
quantified  by  the  number  of  nonredundant  relationships  (E)  between 
stimulus parts that, according to this model, constitute a regularity. Thus, 
for symmetry  E equals the number of symmetry pairs; for repetition  E 
equals the number of repeats minus one; and for Glass patterns E equals 
the number of dot dipoles minus one. Furthermore, the total amount of 
information in a stimulus is given by the total number of elements in the 
stimulus (n), so that the holographic weight-of-evidence metric (W) for 
the detectability of a regularity is: W = E/n.

A perfect  symmetry on  n elements  is  constituted by  E=n/2 symmetry 
pairs, so that it gets  W=0.5 no matter the total number of elements - 
hence, symmetry is predicted to show no number effect, which agrees 
with empirical reports (e.g., Baylis & Driver, 1994; Dakin & Watt, 1994; 
Olivers  et  al.,  2004;  Tapiovaara,  1990;  Wenderoth,  1996a;  see  also 
Section 3.4). Furthermore, E=n/2-1 for a Glass pattern on n elements, so 
that,  for  large  n,  it  is  predicted  to  show  more  or  less  the  same 
detectability as symmetry - empirical support for this is discussed in the 
next subsection. For an m-fold repetition on n elements, however, E=m-
1, so that its detectability is predicted to depend strongly on the number 
of elements per repeat - hence, a number effect, which found empirical 
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support (Csathó, van der Vloed, & van der Helm, 2003). In particular, 2-
fold repetition is predicted to be generally less detectable than symmetry 
- which also found empirical support (Baylis & Driver, 1994, 1995; Bruce 
& Morgan, 1975; Csathó et al., 2003; Corballis & Roldan, 1974; Zimmer, 
1984).

Hence, the foregoing shows that holographic weight of evidence accounts 
for  the key phenomenon that symmetry and Glass patterns are about 
equally detectable but generally  better  detectable than repetition.  This 
differentiation  holds  not  only  for  perfect  regularities,  but  as  discussed 
next, also for perturbed regularities.

5.2. Perturbed symmetry
A perfect  regularity can be perturbed in many ways, and there are of 
course limits to the detectability of the remaining regularity. Relevant in 
this respect is that the percept of an imperfect regularity results from the 
perceptual organization process applied to the stimulus. This means that 
the percept generally cannot be said to be some original perfect regularity 
plus some perturbation. For instance, if a perfect repetition is perturbed 
by randomly added noise elements  (which is  the form of  perturbation 
considered  here),  then  there  may  be  some  remaining  repetitiveness 
depending on the location of the noise. In general, however, repetition 
seems quite easily destroyed perceptually - some evidence for this can be 
found in Rappaport (1957) and in van der Helm and Leeuwenberg (2004).

Symmetry and Glass patterns, however, are quite resistant to noise, and 
this  is  fairly  independent  of  the  location  of  the  noise  (e.g.,  Barlow & 
Reeves, 1979; Maloney, Mitchison, & Barlow, 1987; Masame, 1986, 1987; 
Nucci  & Wagemans, 2007; Olivers & van der Helm, 1998;  Troscianko, 
1987;  Wenderoth,  1995).  In  fact,  both  symmetry  and  Glass  patterns 
exhibit  graceful  degradation,  that  is,  their  detectability  decreases 
gradually with increasing noise proportion (i.e., the proportion of noise 
elements  relative  to  the  total  number  of  stimulus  elements).  Their 
behavior is explicated next in more detail.

By  fitting  empirical  data,  Maloney  et  al.  (1987)  found  that  the 
detectability (d') of Glass patterns in the presence of noise follows the 
psychophysical law

d' = g/(2+N/R)
with  R the number of dot dipoles that constitute the regularity;  N the 
number  of  added  noise  elements;  and  g an  empirically  determined 
proportionality constant that depends on stimulus type and that enables 
more detailed data fits than rank orders. Maloney et al. (1987) concluded 
to this on the basis of considerations from signal detection theory, and 
the holographic model predicts the same law on the basis of structural 
considerations.  In  the  holographic  model,  W=E/n is  proposed  to  be 
proportional to the detectability of regularity, and for Glass patterns in the 
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presence  of  noise,  it  implies n=2R+N and E=R-1  or,  for  large  R, 
approximately E=R. Substitution in W=E/n then yields the psychophysical 
law above.

The holographic model also predicts this psychophysical law for symmetry 
(with  R equal to the number of symmetry pairs), and it indeed yields a 
near perfect fit on Barlow and Reeves' (1979) symmetry data (van der 
Helm, 2010). In the middle range of noise proportions, this fit is as good 
as that for the Weber-Fechner law (Fechner, 1860; Weber, 1834) if, in 
the latter, the regularity-to-noise ratio R/N is taken as signal (cf. Zanker, 
1995). In both outer ranges, it is even better because, unlike the Weber-
Fechner law, it accounts for floor and ceiling effects. This means that, in 
both outer ranges of noise proportions, the sensitivity to variations in R/N 
is  disproportionally  lower  than  in  the  middle  range,  so  that 
disproportionally larger changes in  R/N are needed to achieve the same 
change in the strength of the percept (which is also supported by Tjan & 
Liu, 2005, who used morphing to perturb symmetries).

Interestingly,  this  account  of  perturbed  symmetry  also  predicts  both 
symmetry and asymmetry effects, that is, apparent overestimations and 
underestimations  of  the  symmetry  in  a  stimulus  when  compared 
triadically to slightly more and slightly less symmetrical stimuli (Freyd & 
Tversky,  1984).  These  effects  are  context  dependent,  and  the 
psychophysical  law above suggests  that  they  are  due not  to  incorrect 
estimations of symmetry but to correct estimations of symmetry-to-noise 
ratios. For more details on this, see Csathó, van der Vloed, and van der 
Helm (2004), but notice that these effects are evolutionary relevant for 
both prey and predators. As discussed in van der Helm and Leeuwenberg 
(1996),  overestimation  by  oneself  may  occur  in  the  case  of  partly 
occluded  opponents,  for  instance,  and  is  helpful  to  detect  them. 
Furthermore,  underestimation  by  opponents  may  occur  if  oneself  is 
camouflaged, for  instance,  and is  helpful  to avoid being detected.  The 
occurrence  of  such  opposite  effects  is  consistent  with  the  earlier-
mentioned  idea  of  a  package  deal  in  the  evolutionary  selection  of  a 
general regularity-detection mechanism. This idea is supported further by 
the above-established fact that symmetry and Glass patterns exhibit the 
same detectability properties,  even though symmetry clearly has more 
evolutionary relevance. A further hint at such a package deal is discussed 
at the end of the next subsection.

5.3. Multiple symmetry
Regularities  can  also  occur  in  nested  combinations,  and  in  general, 
additional local regularities in a global regularity enhance the detectability 
of this global regularity (e.g., Nucci & Wagemans, 2007). To account for 
this,  the  holographic  model  invokes  Leeuwenberg's  (1968)  structural 
description  approach,  which  specifies  constraints  for  hierarchical 
combinations of global and local regularities in descriptive codes (which 
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are much like computer programs that produce things by specifying the 
internal  structure  of  those  things).  As  a  rule,  this  implies  that  a 
compatible local regularity is one that occurs within a symmetry half of a 
global symmetry or within a repeat of a global repetition. The general 
idea then is that the just-mentioned enhancement occurs only in case of 
such  combinations.  More  specifically,  however,  it  implies  that  local 
regularity in symmetry halves adds only once to the detectability of the 
symmetry, and that local regularity in the repeats of an m-fold repetition 
adds  m times to the detectability of the repetition (van der Helm and 
Leeuwenberg,  1996).  In other words,  repetition is  predicted to benefit 
more  from  compatible  local  regularities  than  symmetry  does  -  as 
supported by Corballis and Roldan (1974).

A special case of nested regularities is given by multiple symmetry (see 
Figure 1d). According to the transformational approach, the detectability 
of multiple symmetry is predicted to increase monotonically as a function 
of the number of symmetry axes - which seems to agree with empirical 
data (e.g., Palmer & Hemenway, 1978; Wagemans et al., 1991). Notice, 
however,  that  these  studies  considered  1-fold,  2-fold,  and  4-fold 
symmetries, but not 3-fold symmetries which seem to be odd ones out: 
they tend to be less detectable than 2-fold symmetries  (Wenderoth & 
Welsh, 1998).

According  to  the  holographic  approach,  hierarchical-compatibility 
constraints indeed imply that 3-fold symmetries - and, likewise, 5-fold 
symmetries - are not as detectable as might be expected on the basis of 
the number of symmetry axes alone. For instance, in a 2-fold symmetry, 
each  global  symmetry  half  is  itself  a  1-fold  symmetry  which,  in  a 
descriptive  code,  can  be  described  as  being  nested  in  that  global 
symmetry half. In 3-fold symmetry, however, each global symmetry half 
exhibits two overlapping 1-fold symmetries, and because they overlap, 
only  one  of  them  can  be  described  as  being  nested  in  that  global 
symmetry  half.  In  other  words,  those  hierarchical-compatibility 
constraints imply that all symmetry can be captured in 2-fold symmetries 
but not in 3-fold symmetries - and, likewise, in 4-fold symmetries but not 
in  5-fold  symmetries.  This  suggest  not  only  that  3-fold  and  5-fold 
symmetries can be said to contain perceptually hidden regularity - which 
may increase their aesthetic appeal (cf. Boselie & Leeuwenberg, 1985) - 
but also that they are less detectable than 2-fold and 4-fold symmetries, 
respectively.

A study by Treder, van der Vloed, and van der Helm (2011) into imperfect 
2-fold  symmetries  composed  of  two  superimposed  perfect  1-fold 
symmetries  (which  allows  for  variation  in  their  relative  orientation) 
showed that the relative orientation of symmetry axes can indeed have 
this effect. That is, though equal in all other respects and controling for 
absolute orientation, orthogonal symmetries (as in 2-fold symmetry) were 
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found  to  be  better  detectable  than  nonorthogonal  ones  (as  in  3-fold 
symmetry).  This  suggests  that  the  constituent  single  symmetries  in  a 
multiple symmetry first are detected separately and then engage in an 
orientation-dependent  interaction.  Notice  that  this  would  be  a  fine 
example of the Gestalt motto that the whole is something else than the 
sum of its parts.

Evolutionary  interesting,  3-fold  and  5-fold  symmetries  are 
overrepresented  in  flowers  (Heywood,  1993).  Furthermore,  in  human 
designs, they are virtually absent in decorative motifs (Hardonk, 1999) 
but not in mystical motifs (think of triquetas and pentagrams; Forstner, 
1961; Labat, 1988). This might well be due to a subconsciously attributed 
special  status  to  them - caused by their  special  perceptual  status.  In 
flowers,  this  may  have  given  them  a  procreation  advantage  (Giurfa, 
Dafni,  & Neal, 1999). In this respect, notice that insect vision evolved 
200-275 million years earlier than flowering plants (Sun, Dilcher, Wang, & 
Chen, 2011), so that such an perceptual effect may have influenced the 
distributon  of  flowers  from the  start.  Furthermore,  throughout  human 
history, the special perceptual status of 3-fold and 5-fold symmetries may 
have  made  humans  feel  that  they  are more  appropriate  for  mystical 
motifs  than  for  decorative  motifs  (van  der  Helm,  2011).  Such 
considerations  are  of  course  more  speculative  than  those  based  on 
psychophysical data, but they do suggest a plausible two-way interaction 
between vision and the world: the world determines if a visual system as 
a  whole  has  sufficient  evolutionary  survival  value,  but  subsequently, 
visual systems also influence how the world is shaped (see also van der 
Helm, Chapter 57).

6. Process models of symmetry detection

To account for the process of symmetry detection, various spatial filtering 
models have been proposed (e.g., Dakin & Hess, 1997; Dakin & Watt, 
1994; Gurnsey, Herbert, & Kenemy, 1998; Kovesi, 1997, 1999; Osorio, 
1996; Poirier & Wilson, 2010; Rainville & Kingdom, 2000; Scognamillo, 
Rhodes, Morrone, & Burr, 2003). Whereas representation models usually 
rely on fairly precise correlations between stimulus elements to establish 
symmetry, spatial filtering models usually rely on fairly crude correlations. 
For a review, see Treder (2010), but to give an example, Dakin and Watt 
(1994) proposed a two-stage model: first, an image is spatially filtered 
yielding  a  number  of  blobs, and  then  a  blob  alignment  procedure  is 
applied to  measure how well  the  centroids  of  the  blobs  align along a 
putative  symmetry  axis.  In  the  brain,  something  like  spatial  filtering 
occurs  in  the  lateral  geniculate  nucleus,  that  is,  before  symmetry 
perception takes place. It is more than just a modulating factor, however. 
In  Dakin  and  Watt's  (1994)  model,  for  instance, the  chosen  spatial 
filtering  scale  in  fact  determines  the  elements  that  are  correlated  to 
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establish symmetry in a stimulus.

The latter can be exemplified further by considering anti-symmetry, that 
is, symmetry in which otherwise perfectly corresponding elements have 
opposite properties in some dimension. For instance, in stimuli consisting 
of monochromatic  surfaces, angles may be convex in one contour but 
concave in the corresponding contour (this can also be used to define 
anti-repetition in such stimuli; Csathó et al., 2003). Such corresponding 
contours have opposite contrast signs, and detection seems possible only 
post-perceptually  (van  der  Helm  &  Treder,  2009).  This  also  holds,  in 
otherwise  symmetrical  checkerboard stimuli,  for  corresponding squares 
with opposite contrasts (Mancini, Sally, & Gurnsey, 2005). In both cases, 
contrast  interacts  with  other  grouping  factors  (grouping  by  color  in 
particular). It can, however, also be considered in isolation, namely, in 
dot patterns in which symmetrically positioned dots can have opposite 
contrast polarities with respect to the background (this can also be used 
to  define  anti-repetition  and  anti-Glass  patterns  in  such  stimuli).  This 
does not seem to have much effect on symmetry detection (Saarinen & 
Levi, 2000; Tyler & Hardage, 1996; Wenderoth, 1996b; Zhang & Gerbino, 
1992).  Representational  models  cannot account for  that,  because they 
rely on precise correspondences. In contrast, there are spatial filters (and 
maybe neural analogs) that filter out positional information only, thereby 
canceling the  difference between symmetry  and antisymmetry  in  such 
stimuli (Mancini et al., 2005).

In Glass patterns, spatial filtering may also be responsible for identifying 
the  constituent  dot  dipoles  which,  after  all,  may blur  into  coherently-
oriented blobs at courser scales. A potential problem here, however, is 
that this might not work for Glass patterns in the presence of noise given 
by randomly added single dots. For instance, in Maloney et al.'s (1987) 
experiment, each dipole dot had 6-10 noise dots closer by than its mate. 
Further research is  needed to assess how spatial  filtering might agree 
with the psychophysical law discussed in Section 5.2, which is based on 
precise correspondences and holds for Glass patterns and symmetry.

The foregoing indicates a tension between process models that rely on 
fairly crude spatial filtering and representation models that rely on fairly 
precise correlations between stimulus elements.  Neither  type of  model 
alone seems able to account for all aspects of symmetry detection. Yet, 
unification  might  be  possible  starting  from  Dakin  and  Watt's  (1994) 
conclusion that their human data match the performance of a fairly fine-
scale  filter.  This  empirical  finding  suggests  that  symmetry  does  not 
benefit from the presence of relatively large blobs. As elaborated in the 
remainder if this section, such an effect is in fact predicted by a process 
model that allows for effects of spatial filtering even though it relies on 
fairly precise structural relationships between elements (van der Helm & 
Leeuwenberg,  1999).  This  model  fits  in  the  holographic  approach 
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discussed above, but it also builds on processing ideas by Jenkins (1983, 
1985) and Wagemans et al. (1993). In this respect, it is a nice example of 
a stepwise development of ideas - each previous step as important as the 
next one.

6.1. Bootstrapping
Jenkins  (1983,  1985)  subjected  symmetry  and  repetition  to  various 
experimental  manipulations  (e.g.,  jitter),  to  investigate  what  the 
properties  are  that  characterize  these  regularities  perceptually.  He 
concluded that symmetry and repetition are characterized by properties of 
what he called virtual lines between corresponding elements. That is, for 
orthofrontally viewed perfect regularities, symmetry is characterized by 
parallel  orientation  and  midpoint  colinearity  of  virtual  lines  between 
corresponding  elements  in  symmetry  halves.  Likewise,  repetition  is 
characterized by parallel orientation and constant length of virtual lines 
between corresponding elements in repeats.  Thus, both symmetry and 
repetition can be said to have a point structure, that is, a structure in 
which each element constitutes one substructure. Notice that this idea 
suggests a detection mechanism which connects virtual lines to assess 
regularity in a stimulus (see Figure 3ab, top panels).

Virtual lines between corresponding points are indeed plausible anchors 
for a detection mechanism, but this idea seems to be missing something. 
This  was made clear  by Wagemans et  al.  (1991)  who found that  the 
detectability of symmetry in skewed symmetry is hampered, even though 
skewing  preserves  the  parallel  orientation  and  midpoint  colinearity  of 
virtual lines. Wagemans et al. (1993) therefore proposed that the actual 
detection  anchors  of  symmetry  and repetition  (and,  likewise,  of  Glass 
pattern)  are  given  by  virtual  trapezoids  and  virtual  parallelograms, 
respectively (see Figure 3ab, top and middle panels). Notice that skewing 
is an appropriate manipulation to assess this for symmetry (because it 
perturbes the virtual trapezoids), but not for repetition (because a skewed 
perfect repetition is still a perfect repetition). Nevertheless, van der Vloed 
et al.'s (2005) study on symmetry and repetition in perspective supports 
the  idea  that  such  correlation  quadrangles  are  indeed  the  detection 
anchors for both regularities. The detection process can then be modeled 
as exploiting these anchors in a bootstrap procedure which starts from 
correlation quadrangles to search for additional correlation quadrangles in 
order to build a representation of a complete regularity (Wagemans et al., 
1993; see Figure 3ab, middle and bottom panels).

This bootstrap idea is indeed plausible, but it still seems to be missing 
something else. That is, just as Jenkins'  idea, it is not sustained by a 
mathematical  formalism (cf.  Bruce  &  Morgan,  1975),  and  just  as  the 
transformational  approach,  both  ideas  do  not  yet  explain  detectability 
differences  between  symmetry  and  repetition.  To  the  latter  end,  one 
might  resort  to  modulating  factors  -  in  particular,  to  proximity.  As 
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discussed in Section 3, such factors do play a role, but as discussed next, 
those detectability differences can also be explained without resorting to 
such factors.

Figure 3.  (a)  Symmetry is  characterized by parallel  orientation  and midpoint 
colinearity of virtual lines (indicated in bold in top panel) between corresponding 
elements in symmetry halves; two such virtual lines can be combined to form a 
virtual  trapezoid  (middle  panel),  from  which  detection  can  propagate  in  an 
exponential  fashion  (bottom panel).  (b)  In the  original  bootstrap  model,  the 
same applies  to  repetition,  which is  characterized by parallel  orientation and 
constant length of virtual lines between corresponding elements in repeats. (c) 
In the holographic bootstrap model, repetition involves an intermediate stepwise 
grouping of elements into blocks, which implies that detection propagates in a 
linear fashion.

6.2. Holographic bootstrapping
In a reaction to Wagemans (1999) and consistent with the holographic 
approach,  van  der  Helm  and  Leeuwenberg  (1999)  proposed  that 
symmetry is indeed detected as proposed by Wagemans et al. (1993) but 
that repetition detection involves an additional step. That is, according to 
the holographic approach, symmetry pairs are indeed the constituents of 
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symmetry,  but  repeats  -  rather  than  single  element  pairs  -  are  the 
constituents of repetition. This suggest that repetition detection involves 
an intermediate step, namely, the grouping of elements into blocks that, 
eventually, correspond to complete repeats (see Figure 3c).

This holographic procedure implies that symmetry detection propagates 
exponentially, but that repetition detection propagates linearly. For Glass 
patterns, in which it takes the dot dipoles as constituents, it also implies 
that detection propagates exponentially. Thus, it again accounts for the 
key phenomenon that symmetry and Glass patterns are about equally 
detectable but better detectable than repetition. In addition, it predicts 
the following.

Figure 4. Holographic bootstrapping in case of split stimuli, for symmetry (top) 
and repetition (bottom). Going from left to right, suppose that, at a first stage, 
only  the  grey  areas  in  the  stimuli  are  available  to  the  regularity  detection 
process.  Then,  at  first,  the  propagation  proceeds  as  usual  (the  structure 
detected so far is indicated by black dots). The restriction to the grey areas, 
however,  stops  the  exponentially  spreading  propagation  in  symmetry  sooner 
than  the  linearly  spreading  propagation  in  repetition  --  hence  symmetry  is 
hindered more by the split situation than repetition is. When, later, the rest of 
the stimulus becomes available, the propagation again proceeds as usual and 
symmetry restores its advantage over repetition.

Suppose that,  for  some odd reason,  a restricted part  of  a stimulus is 
processed  before  the  rest  of  the  stimulus  is  processed.  Then, 
exponentially  propagating  symmetry  detection  is  hampered,  whereas 
linearly propagating repetition detection is not or hardly hampered (see 
Figure 4). By way of analogy, one may think of a slow car for which it  
matters hardly whether or not there is much traffic on the road, versus a 
fast car for which it matters a lot. Such a split-stimulus situation seems to 
occur if  the restricted part contains relative large and therefore salient 
blobs. Such blobs can plausibly be assumed to be processed first, namely, 
due to the spatial filtering difference, in the  lateral  geniculate nucleus, 
between  the  magnocellular  pathway  (which  mediates  relatively  course 
structures relatively fast) and the parvocellular pathway (which mediates 
relatively  fine  structures  relatively  slow).  Hence,  then,  the  holographic 
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bootstrap model predicts that symmetry detection is hampered by such 
blobs. Furthermore, due to the number effect in repetition (see Section 
5.1), repetition detection is actually predicted to benefit from such blobs. 
Both predictions were confirmed empirically by Csathó et al. (2003). They 
are  also  relevant  to  the  evolutionary  biology  discussion  on  whether 
symmetry or size - of sexual ornaments and other morphological traits - 
is the more relevant factor in mate selection (e.g., Breuker & Brakefield, 
2002; Goddard & Lawes, 2000; Morris, 1998). That is, a global symmetry 
may be salient as such but its salience is reduced by salient local traits.

7. Conclusion

Visual  symmetry  will  probably  remain  an  inexhaustible  topic  in  many 
research domains. It is instrumental in ordering processes that counter 
natural tendencies towards chaos. Thereby, it is probably also the most 
important regularity in the interaction between vision and the world. In 
vision,  there  is  still  unclarity  about  its  exact  role  in  perceptual 
organization (which depends on  interactions  between  various  grouping 
factors), but its detectability is extraordinary. The perceptual sensitivity to 
symmetry seems part of an evolutionary package deal, that is, evolution 
seems  to  have  yielded  a  detection  mechanism  that  includes  a  lower 
sensitivity to repetition (which is also less  relevant evolutionary) but an 
equally high sensitivity to Glass patterns (even though these are even 
less relevant  evolutionary).  Therefore,  rather  than  focusing  on  the 
relevance  of  individual  regularities  in  the  external  world,  it  seems 
expedient to focus on internal  perceptual  mechanisms to explain these 
sensitivities in a unified fashion. As discussed on the basis of empirical 
evidence,  these  mechanisms  seem  to  rely  not  only  on  fairly  precise 
correlations between stimulus elements,  but also on spatial  filtering to 
establish what the to-be-correlated elements might be.
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