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'cne»ntatlon of the patterns.

other spatial orientations. The general pattern of -~

3 symmetry e

ABSTRACT

§s made rapid perceptual ]udgments ‘about " -

tach1 oscopically presented line pattexns! These o 1

were symmetrical of gsymmetrlcal, with axis of ' s
symmétry Jappearing m vertical{ honzontal and ) e S
obligue onentamons. The patterns could. also be g B, o
shoun centrally or to. cither the, Fight or left.of * . .
fixaffion. $s pressed a’button for YBS if the ’

patterns displayed symmaiicy and gnother button for,

NO if the pasterns were not. sym&etncal. _RedanfMess
whather the patterns projected to both.or iy
it A siaT halE-Field, .

reaction-time (RT) was

Tt
found to vary. um.Eormly as a functxon of the

Overall RT's were
shcrtest for vertlcal}y oriented "patterns, and - . '_r : ’ ¢
longést for those shoih about the hofizontal and o
oblique axes. This in turn confirffed the salience

of leftiright symmetry over symmetry appearing in

results was copsistent wilh the notion that the R

1

perception of symmetry is mediated By processes

which serve to allqn the input stimili into

conqruence with i stable internal representation oF
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) .  INTRODUCTTON
o ‘ : ¥ ,v
Mach (1898) ‘long ago drew attentidn dorsvineteg, in.
particular symmetry about t:he vertical axis, as an es‘p c.liglly
salient foature of visual.patterns. Initially, Mai;h/h:d
observed ‘that ‘bilateral synmetry was especially noticeable,

while symmetries in other orientati'ons were much less SC'J.

|

With regard b up-down symmee’rl .for exainple, (i e, symmatry

alout the horizontal axis), he noted the up down symmetry

cxisting betwien a landscape z\nd its mflecnon _in watef

wight often go undetectel (ach, 1896, p. 94).
= i o

Sihee Mach’s initial ini:.exf‘zst, .the perseptual, salience
of lelt-right symmetry -over symmetry appearing 'in other . .
oriehtations has been experimentally confirfed (cOzhallié

and RKoldan, 1975: GSldreier, 19377 Julész, 197}; -Rock

a;1d Leaman: '1963) . But reliable a findirig- as the salience.
oi % - ol nght over up—aown symmétry is at a purely experl—
mental level our’, undctstandan of why thls is so is st111
unc].ear.

[Moré imgortant the implications that knowledge

.about the processes medlatlng the percepr_mn of 5metry

might have on ouz more géheral understanding of the procestes
medla“tng pattern dlgcrlmmatnon, ‘or form perception have.not
PN recently received detailed examination (Julesz, 1971).
; The relative importance of symetry perception becomes
apparu\t when the phenomenon @f form per(_cptlan is flrst
conslde:ed. It-will b?come\cllear, as-we go aiong, in" what
fundamental ways the processes.that mediate the! peréeption




of symmetry ard those mediat'ir\g the perception Of form ate
& ) -~ ; . .
genexally related: . 'Weé know that organismd at various. levels

of the phylogsnetic scale, including theprimates and man, perceive
EOEHENR JERYS WS, eten STEHE LS HEaLL. sbTE 6 dUSEEETARGe N
"one shape from another.. . The early woll of Kltver (1933) and .
Kohler (1927) revealed great O among- the perception
of monkeys, apes and man. 7Fcrﬁs which were Egncuonally
equivalent” for the apes also appeared similar to man ad, well.

Lashley's (1929) investigation of form discrimination in the

rat, also revealed more-sinilarities than differences. between: -

primates.and rodents, The differences were quantative,

. Lashley s rats failed to transfer rEBbtJ.Dn (generalue the

snmulus) they negatlve (con\plemented) patterns of the snnp].est

kind, a trangfer which is possible for monkay i the slatter
« .m tirn display great dlff:\culLy in ~diseriminating more complﬁx -

stimuli (i.e. faces and photographs) from their negat;\ves’

{Julesz, 1871). . Both rats and humans are poor in transfer o

L «
rotated figures; and while a diamcr}d and a square shape are .

E s % .
distinctly different, it is only by con erable abpstraction

that we are able to regard the shapes as identical.
o = Bt . 1

It is ipteresting that the problem of -how we recognize.

. rotated figures.is very much.relévant to the problem of the - 4

A " saliende of left-right symmetrylover symmetry oceurring in .
3 /5 Y1 ;8 g »

e - .
other orientations. . Thevheuristid here is tHat m‘ostL . s




perseptual invarfances, partisularly fecognition of form, o
are processes very hard to un(.lehrscanq, while symmetry per- i
ceptio‘n' is sore anehable to analys;‘" ant its study very

useiul in Llucldatlng the other petceptual 1nvar1ancés. = g
Convcntlona]_ pattern d1$cr1minatmn tasks have proven too

cdmplex and diffjcult for appropriate qual@txfl\catlon and

Eiabe niow fad -t arcokorent: feozy of Eomn perceptidy (zuswe,

1970). Attempts kS quannfy discrimination in px.‘eCJ.EP tezms

have, however, r(.vealed the symmétry lgxtractlon propertles

of the: visual, dystem ‘g an’mportant component of pattern
_d.n:cr]m.\na‘tl\lon.v Two main  lines of research have employed
as"s:imuli randonly generated polygons (Anderson and Leonard,
1954; Attneave and Apnoult, 1956; Polidora and Thompson,
1868, ox randoncdot textures {Julesz, 1962, 1966) . fthe
flnc]ng% af a large -numbex of studies (sce M1chels and

Zusne, 1965 Brown and Owen, 1967) have revealed an extensive
varioty of perceptual -parametsrs of compactness, ‘jaggedness,
s}:e\-rness; rotdtion, cte. eachin turn heing highly correlated
@ith low-order mements of, interior angles, sme length,
pefimeter and. dreameasures, dre ’I‘he prcblcm of dPLgrmlnIng ..

which of these parameters is actually used by §s is Further

complicated because of shifts in human attention..  These
-attentional shifts taken in conjunction with the large number
“Bf payameters used has drastically comphcated the develop-.

ment of .a p:ychophys:\.cs of form. Recent work: by Thomas (1967)’



~wsis. The familiar-shape &

usihg mulmdlmmswnal scul.\ng of random polygons he was able

ional shape

- to .how that as a fxrst approxlmas:mn a W —dlme;

of omgle 1(:1 and-'s; z etrx underlies the perceptmn of fcrm t

- “

a

Empirical Evidence For .the Salience of Left-Right Symmotry - .

Seometrically-a

";qure 1s said td be symmocnc if it

remains unchanged after Jt ha been subjected to one or seveml

‘symitetry operatlon"\ such as, for examplo, rotathn and/ur

" reflection (Yaglcm, 1962). A form may therefors be 'mch'ex:'

or poorer' in symmetry <1cpend1xm on how tany tyges of’

aymmctry Opnratlonﬁ can be performed on: it wlthout -affechng

‘GtherA (a) The amcunt oE xn[ormatxcn in the Qatte,rn, oor

(L) the way this information is distributed:along :Lts contours
(7usne, 1970). Ip this conte;t,- £or aty shape ve observe
that reflectlon nu.ghL be possll)le alonq any nunber of awes.
Some shapes, when a mirror is p]f.\ced vertically on the plane '

in which they lie, will remain “nlterdd in any ohe position -

' _of the flirror, that.is, they yllll-be symmetrlc ahout -
2,08 Eg ;

an example of one-fold

"s);zmne':ry A shape such as B also remains :unchangcd if re-

' flecked in a hilror,. in this case, hévever tlus it 5o only

when ‘the mirror ‘is placed 'aboya or beiow it,

uatteln is said tc bs left—rlght ,Symmetrlcal on]y, th‘E second :

~




s

up-down.symqetrical only.  In terms’ of rotatmn, [the letter

I apd'x possess two-fold symmetry, since they remain

unadtered when subjected to refleciions about the We:tlcal
and hdx;zon&ax axes, or "to a 1807 rotation.  in ‘this same
sense an egual-arm cross’ J+! aisplays féur-fomesvymmetry sint
it is notaltered in any way by fous-different axial reflec~
tions, or 180° rotations. ' The ulti;natgly symmotrical shape
/thezefl’o'rs,\— is'representéd by a Adeudsrachaps whlen somine
ch\is'_reg;rdxess of thé axis -of reflection and/or rotation.
Generally, sLudLes mvesLu;ang the salience of 1eft~r1ghL

symmetry\have sampled.the stimuli . [xom patterns exhibiting'
R - “

I

Symmetry about only one axis. . 3

s . F
Thé’pcrccptual salience of left-right over updown -

* symmetry is.a phenomennn generallzable to:a large ?mmbex of "

- different’ classes of visual stimuli.” The effecc has been

observed using amorph:m shapes (Mach, 1597] . composite geo-

m%'trlcal forms (Goldmeler, 1937; Rock and aman, 1963).

very complex random—-d_ot and random-line displays {Julesz,

*1969, 1971), histoforms (Fitts, W_c‘:in!éi:eln, Rappaport,

* Anderson ahd Leonard, 1956), simple-dot patferns (Corballis

and. Roldan, 1975)'. and even in such highly familiar stimuli-

‘as Lhe 1eLters Y and B (Fox, 1975) ye know fr‘gm Mach's

“ (1898) ’de nqh’ahons ﬂf H'\E phenomenon that Y’ie salience

s

227

ce

B3




practlce with a class of bllaterally symmetncal patterns
found in everyday Jnt)eractlon with thé world. Mach was able
ta, shoy that the particular ldentltx)f a shape was not’
affected in any SHOTBGE T e shape wis mirror reflected
about the vertical axis, the . phencmenal similarity being as
striking as when these werc repeated side by side. :_ Mach also
found that the- shared similarities between Such element pairs
cgas lost if one was rotated 90° with respect to the other, or
if by juxtaposition one Of the elements was so arranged as to
be the up-down mirror- lmaqe of the other.

Goldmeier (1937) Lntexpreted Hach B ob%ervatlonc of the
changes in phenonenal similarity between the shapes as being
tig outcome of having shlfted the ‘orientation of the axis of
=~vmmetry from the vertical to the hoxlzontal ‘Goldmeier was
more ‘explicitly concerned with:the cffects on phenomenal
similarity between forms that changes’in their orientation
might produce. 1In one of his experiments designed explicitly
€0 contrast vertical symmetry with ‘haxizontdl synmetry’,
Goldmeicr réabned his subjects to choose, from among two.
patterns, one symmetrical about the vertical axis only, the
“other symmetr)cal about the )\orl7onta] axis only, the orie
‘wost siwmilar to a standard pattegn,chh vas a ‘composite of
the other two, so arranged as to ex}ulnL symmetry about both

the vertical and hprizontal axes. Goldmeier's patterns are

illustrated in Figure 1. The cleaf finding of this experiment °



g 2

© " Figure 1. Patterns such as thdse used ‘by.Goldneidk (1937). The! standard’ (c) ,
s - eshibits symmetry about both the vertical and horizgmtal axes,while
. pitterns (a) ‘and (b)'are symmetrical only about the vertical and -.°
. horizontal axis respectively. " i '
" .




_was that’ subjects \overwhelmingly chose the symmetrical vertical
vex.,lon over the symmetrlcal horizontal version as bclng most
similar. to the standard. Goldmeier went on to show that ghis
effect did not depend on the patterns per se, rather subjects
Lase their decisions -on the phenomenil vertical ‘orientation
of the patterns. :When the three pattorns were rotated side-
ways 90” thus reversing the symretric relations between the

patterns and the standard (i.e., the vertical symmetric

vefsion becomes symmetric about the horizontal, and vice versa) . 1
N the -results were also reversed for the patterns. Overall, ” :
the subjects chose tbe phenomenal vertical symmetric arrange-

’ ment as most similar ‘te the standard. Galdmeier concluded

‘from these findings that the phenomonal’ qualities of symmetry
1 r q

depend’ in a very important way ‘on’spatial. orientation.’
Rock and Leaman (19€3) later replicated Goldmeich!'s
_effect: using his variation on the' method of paired, comparisons
e S0 ERE Baie SEIMETLs TROEK and Seaman vere able o shov, that —
\ the effcct obtained by Goldmeler could also be obtained when
. the supject's nead was tilted sidevays 457, so that both the

vertical and horizontal axes were equally dnclined with ra-

. g "
spect to the subject’s retina vather than with respect,to the
gravitational coordinates of the environment. Rock .and Leaman

concluded from findings such as thase, that the salience of

vertical symmetry did not depend ‘on retinal projection to

& the visual system; ~rather it was a mitter of where the




. ‘ : Ln n
suliject perceived the true vertical to be. .

Fl.tts, Welnst%n, Rappaport, Anderson and Leonard (1956)

‘using precidely quantifiable mabric figures, or so called .

histoforms,.f‘ound recognition latencies for left-right
symmetrical patterns; in a memory task, o ke considerably
orter than recognition Farencles For feompardbleSintomn i
symuctrical patterns. Three possible interpretations were

advanced by Fitts' et al (1956) in order td explain this effett.

’lhi: first of these, later favored by Rock and Leaman (1963),

appeals to the Epeeint siqnificance we might have learned to

‘atedch o left-right symmetry $ince it is so common z feature

of our everyday environment. This 1nterpretat10n appears
inédequace, however, since’ respcnsc latencies to the.re-
latively mére 1n5:cque‘ht1y met obligue symmetnes were found
to be ehorter than thase to symmetrles about the horlzontal
{Corballis and Roldai, 1975). The second thebey, Hoenally
referred to as the bilateial symmetry theory, has Teceived
the oSt attentiof due to its far reaching implications. The'
bilateral symmetry theory izie.s the sal)ence of left—rlght

symmetry arising as a natural outcome of evolution instead

‘of specific Learninq alone, .it posits more explicitly that

the effect can he. attributed in some fundamental way to

the stiuctural bilateral symmetry of the nervous system

(Corballis and Poldan, 1974, 1975; Julesz,” 1971: Mach,, 1897).
= 3 :

Lastly, the third -interpretation was made in reference to
. AN



‘the greater facility in Yesponding to peripheral details in
‘the lateral rather than in the vertical areas of the'visual’
Cfielas This last interptetat’ion nas received'almost no 'at-

tentio. This is partly attrlbutahle 6 the fact it was not:
explicitly elaburated siTenst, Hna patly esaise. HE actually

LY oy e gendral buéteral symmetry accounts

Thanpilateral Symmetry Theory

' Mach (1897) reasoned, left-right reflecting.of hig random -

q a’morpmc shapes was_ as similarity—preserving as left-right
repetztlon of the shapes because 'these kinds of pattern )
arrangements gave rise in the~bra1n to the same or S iar
sensations. (Mach, 1897, p. 53, his italics). Of a Figure
symmetrical with respect to the median .plane of the body, he

. argued, -each half of the figire' stands in the same relation
"with esch half of the visual syséem, i.e., each eye. Thus,
it was the one-to-oné correspondence between each half oFi
a‘bilaterally symmetrical, pattern anid weach fwlt of “the wisuwd
apparatus that determined, the sifilarity between the mirror-
image halves, We know now that it is the vidwl fields ratbr
‘than the eyes wmch are mapped Symmetrlcally\,n\(@ two halves
‘of the brain: the left visual field projscts -solely to the
right.visval cortex, and the right visual field to the left
visual cortex. This i5 so regardless of which eye is viewing

(Polyak, 1957).

N




. ; g [ 1.
Tulesz (19/1) has recently extended Mach's obgervations
/

and pursupd - a similar. ‘i oF reasoning. In his complex

computer-generated textures the peimeptich of symmetry can

occur ‘even when exposures are very brief provided that the
fixation point of the eyes coincides with the dxis of symmetry
of the patterns. This finding suggested to Julesz thats the

'pexcsption of symmetr-} in his patterns depends on the

structural symmetry of some pro]ectmn area in the ,brain,

.given the SUEUIRAL symmetry in neural anatomy around the
«center of the fovea, and on a point-by-point comparison

process lln}'ing such lac]_. B . : o e p

Anatomically, the <eparanon of lpsllateral from con-

tralateral fibers alcng the optic nerve results’in a w

cleavage line that clearly transects the center of the fovea

(Polyak, 1957, p.-330).: Given, therefore, that a left-right

!

symmetrical pattern is fixated centrally on its axis of

symmetry, the inferehce that ‘the point-by-point comparison
ymmetry c

process envisaged by Julesz involves copparison between

homologous ymmetnc pomts on both sides’ of the v;sual Py t

cortek is justified (Corballis and Roldan, 1974) CImosupport -
© Af this notion .Julesz cited a clinical ohservauon made by :

Brlndlcy and Lewin (1968) who were able te avoke Wb 7

phosphenes jn a blind patient by directly stlmnlatlng hexr

‘visual cortex. At one stage, onilateral stirulation produced

a phosphene-in one visual .field, then with' increased




stimulation 'tl‘:eir‘ pa(‘:ie‘nt‘reporte‘d the »appearan;:e 'of A.,new
phosphene at the mirror-image location in the opposite field.
The comparison process Suggested by Julesz might be
mediated by the’ corpus callosum since it is knowh to contain'
at least some fibers that are homotobic, or comiect’ symétric
points in either side’of the brain (c.g. Cumming, 1970§,
exoept for the. fact that the newrophysiological evidence £or
the visual sys.tem Sdsmostly contraryto fhis nbeiof, Sherry
(1962) has noted; for example, that callosal’ connections ™
between the visual, (i. €. Dccl.pl.tal and mfarotemporal) areas -
"of the cortex seemed. exceptional in that they did mot joih
mirror-image points. Hubélcand Wiesel (1867) later confirmed -

.this to be the case in' the visual system of the cat. .Also -

*7in‘the cat, Berlucghi and Rizzolatti (19€8), haye showd E£rom

single cell recordings that line orientation is presarved
{rather than mirror-yeversed) in the cannectwm between the
visual cortices. Gross, "{ocha~[41randa and_ Sender (1972) nave
observed, furthermore, that v15ual propertleg of néurcns LD ’
the infero-temporal cértex of the monkey- indicate heterstopic
rather than Homotopic conmisural connections.. Tt seems,
moreover , ' tHat the connections between the visual cortices
might serve 4 rather: limited perceptual function. For one
thing, they, appear to represent only a harrow Vertlcal stx‘:p
of, the visual fisld, symsetrical about fixation; inter-

B

hf.mlspherlc percoptual exchange clearly occurs over.d much



7 R Ty wes

1970, . The pr_‘lmary ’

wider area of the v1sua1 fiela (Gazzanlg
role of the callnsal ccnnectlgnq betws-er%"\rr}lsual cortices has E
“been suggested t9 be ‘that of mediating perception in depth

©of objects:in central vision (Blakemore, 1969)%,

" In tnis context, Corballis and Deale [in preparation)
have remarked that if the qomm'issizx‘es Gonnecting“be visual' '
arsas of the cortex sech to be organized so as to functionally
LrassEve TEEESEUGHE SYTOREAVION 1A, THS EVERRRTESIOR BE apaliki
_informatioh between the hémispheres, this i‘s.to ‘B eapheteg
sinée in aninals with overlapping visual fields continuity
and 1eft—r‘]ght equivalence hetween- the two half- f)elds must.
be preserved (Corballis, Killer and Worgan, 1371). In animals
" with nbn-dverlapping ‘visual Fieldsy Forbaiiis and Bealenobe
this might not amatomically be the cade. In ceftain flsh and
in some Bidae,. sush 5 Ihe diaes, ApETe fibers dsdusaste.
naturaily at the optic chiasm, edoh cye prdjecting solely
to the contralateral h‘% ghere. For animals with eyes placed

thus, any movement across- the visual field of an eye,would

be interpreted as movement in the Eropt-back plane. Front- |
back equivalence in this cade would necassitate laft-right
reversal of perceptional information in interhemispheric |
sransrar, EineE OVEREHEESD badk to et kbbouaene Tate

visual field would be left'to right movement in contralateral

pxojection‘, and ‘acrogs the right visual field motion from

J back to front would bc a, rlght td left movement. E’ront back



‘,perhaps structures at a- subcortical level instead (Corballis

equivalence dmud the:efor’c be médiated through homotopic =Y
mappxng between the visual areas. Julesz thought. 1t may be
the residual 65 tms homotopic mapping process which explams

the perceptmn «af symmetry in his briefly exposéd pattel‘ns.

* more genera_lly.v, the percepuon Df'symmetry in h1gher anunals

“including man.\{ "Pexhaps‘xt is the remainaéd of the front.
back movement symmctrles that animals with non—overlappmq
fields experlence Julas)z, 1971 B 133).

xLlsewhere,‘ d:.scusﬂing binocular dspth parceptwn, Ju“Lesz ” ]
{1968a) argues ‘that this process J\S a fairly late one in’ N ®

evolution, ansmg after some favorable bodily changes

occurred. Throuqh the recession of a. prot;uqu snout or

beak,. the visqi‘il‘l.fields'beqan to overlap and with the develop-

ment of head movements and the accompanying complex
‘of cye-coordination, & course registration hetween the two 3 et §
monocular views was possible. The advartages of depth.
ercept1an probably outweighed in time the loss of panoramic
vision for some animals. They could now perceive ‘the spatial
location of objects in the environment vividly as an independ-
arit Esneatisn JTp AELH 15)EHe G356 ESENER, bne WeU1d CHarerore o ;

expect Julesz's homotopic compari.so_n process to, be located X

in.an area much more primitive than that relegated to bindcula

vision; the perception of symmetry in his pattcrns involving

and Foldan, 1974). Gazzaniga (1970) Has suggested that some

~

v



kinds of visual interhemisphéric integratioh may oceur at a .
level beyond THat Bf the visual cortices, possibly in the |
| inferotemporal relions. $ipport for the notion that there
may be a ;ubcortical system linking the visual areas in

hemotopic Eaahlon comes from observatlons of comnussurotomized

‘patients (Trevarthen, 1970, ireva:then and Sperry, 1973).

; ' Trevarthen has written: . s, - 3

"With lines set in motion Asynchronously about = - :
a pivot-at the fixation point (commissurotomized) . 2%
" subijects have confused mirror-symmetry,for

diagonal‘ alignment wheh asked to s:.gnal when the 5
two halves of the display are "in line". & i
diagonal alignment sloping across the whole | - . k
field is felt’ to be unbalanced ‘and is reset & e

to make a symmetrical/Nor\/ configuration. . ¢

A number of comparable misjudgments indicate £ 5.
that the commissurotomized uhjects find it . v
easier 'to judge when the twi visual fields are; ' v | i
percelved to De horizantally 'halanced' or )
mirror-symmetric over the wertical meridian® . - 2
(Trevarthen, 1970, -p. 34) 5 . }

It may prove advantagedus at present to remain sképtical

<until more is known behaviorally about the various kinds,of
neural m'apping of information that may be operative i sizeEs
mation 1ntegrat10n actoss the vertical meridian. Discrimina~ . = §
stion rea:&wn time involving left-kight mirror image and left- -
right repeated patterhs Liave shown that whereas the former

are usually judged more rapidly this effect depends on

whether the Ss treat'the patterns "wholistically" or as two :

5 ' [
distinct patterns (Sekuler and Staller, 1875; Corbzllis and

Roldan, 1974). Sekuler and Staller have shawn that if subjects




discriminate nonrmirror pairs as same a.ndmirror»image ‘pairs

as @ifferent théy are clearly faster at respondlng\ same.. But

e =
25 £4F 4 (conpaTAbLE grour of suojeccs il Havarass Ele JakaTs

asslgncd to the stimuli Lhen thie sub]ects are fa.)t.er at re—
* .
sponding "same” to mlx:ror—).mage stimuli.

‘Corballis -and Roldan (1974) alsoe fcund slmllar labelxng

"/éffects if ‘their subjccts used the labels mirror- same or- ¥
symmetncal/aqymmetrmal spatial Sape e Ve e, '
% ‘ pairs of stlmull Jas -also fmmd to affect’ the PeeHIYE, THeRE
}expenmencs SiigeRE EhAE the Balienes 65 Jereseight mxzrbr-—
inages over lefe-right repeated stimuli depcnds on whekher
the subjécts deal with the two halves of a‘one- '£61a symmetrical
pattern separately or as a.whdle. In ‘enis respect, Hock (1376)
has suagcsted that two types of, processing underlic.sftme/_
‘Wifferent ]udgments. Using ﬁeﬂ:-right repeated and ’
symmetrical ‘dot patterns he noted a structural process that '
. organizes dotai led parts of_a stimulus into a well. formed
" integrated whole and another strictly analytic process that
decomposes the s‘ti;nulus into features before the patterns are -
comparcd. Selective atténtion for orthogonal elements has P
. alse b_eén shown. to s Amportant factor in, pr‘edicting shorter
e \latgl1cie5 fox same over different judgments (Garner apd Morton,
1969; Garner and Felfoldy, 1970; Pomerantz and Garner; 1973).
It is témpting to draw anassogiation between these

findings and heterotopic and hombtopic comparison processes.

B




4 s . ' ® - L
Unfaxtu;ate‘ly. there is at least one obstacle to-this. Tn
viewing a left-right symmetrical pattern the points o, he
compared are always e cqual distance apart, from the axu
cf sym.metry, in lcfé nght repeated patcerns the pomts to

= be cDmpare(] are always half the pattorn s d;stance away,

v oa qeanetrxcal pzoperLy which cannot be bverlooked

(corrallis, Miller and Morgan, 1971). in this sense! Julesz o
(1971) has noted .that the perception of syn;met'ry‘ in his
patterns'is drastically favéred for elements.close £o the' . - o

axis of syrmefzy. When these areimtméved ‘the rcmalnlng
ey

symmetnc relations are no longer apparcnt.

: Julesz (1971) did not belicve that a homotopic comparison .

; - L o T o
procdss was the only mechanism £or the perception of symmetry .
in visual patterns. He was awarg that in simpler more -

cohesive patterns such as. the random shapes used by HacH,

one does not require symmetrlcal pro;ecrion on the fovea in

’otder to_ perceive symmetry. Indeed, subjects are able_ to

pe;;ceive'symﬁetry in simple dot patterns even when these
. arc flashed withfn a single half-field, so that primary p;oi.
jection is entirély to one hemisphere (Corballis and Roldan,
1974). In vn:v.lng simple, low spatial resolution patterns,”

Julesz suggested chac the symmetmc rela:mns mlght be ~

extracted, and at some stage, 1nvar1.ant. forms encoded by somo\”

<
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X :unspecified central process beysnd any strict degpndence on * i
s the structural symumetry of the visual pxo]nctwn systems.”

Mach [18977 had also reallzed that we can, percelve

a - symmetry'whan the axisvof symmetry is not. vcx‘ncal, ms

. . explanation differed: howevais B

if the plane of symmetry Aliverges conr -,
sideraply. from the median.plane .of the ob-

server-w-thejaffinity of form is- recognizable .
only by torning the figure round or by an intell= ¢
ectual-act” (Mach, J@W p., 107, his italics}. % )

".'rms is,-ope might perce:\.ve symmetry in ﬁattetns appcarinq b ’

in di'fEerent sua:ial orientationg by first mentally rotatmg e

the patterng to the ve:tical 5§ o . =

\lach aid not restrict this reasnnirg to the penceptlon e

of sylmetrlap},!arlnq in d)fferem; onentatmns, but general— R

ized t}us idea to the recogn‘ ion of forms and ob)ect shapes -

viewec in other ihan their nomal orxentatxon. In r_ms sense,'

. . he is worth’quéting: - - T i - .
‘L . - “Two figures may be geometrically - congxunnt. N
., °  but physiologically quite Qifferemt, as is . .- - -
. .shown by the two adjoined. squares, vluch could”
never be ‘recognized as.the same without, mcchan . .
ical &nd intellectual operatlons“ (Mach, 1897, o < T
p- 106). N :

Mach's adjoining. squafes are illustrated-in Fig.

. . =':m‘ actual physical“rofqtion of the figures is not possible,
or if cocking of the head is not pewritted, one might suppose

that Mach's notjon of “intellectual c'pe'ra;ior{s" refer to-mental




‘
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‘operations involving the representatiopal rotation' of one of .
T é

the figures into congruence with the other. Horeover, rote

;he implicit assumption that mental rotation could actually

serve to align the physiological ropresentation of a figure

with its actusl "upright" stored representation in memory, '

or in the case of symmetry perception ‘that these intcllec;ual
operations would eventually serve to align the physianlagical
Geenepmentntipeol & paibers ik the anatomical vertical,

e brain.

merldian’nt'
Mach's assumption secms more reasonable today since there 4
is recsnt evidence which suggests we are able to perform
mental transformations, mostly rotations, of perceptions or®
" inages. The most convincing experimental evidence that we
can perforn such mental transformations, has come from the
work of Roger ¥. Shepard and his colleagues. In an ipitial

5 ¢
study, for example, Shepard and Metzler (1971) showed their

Sibjects JALEY.6F POTSpeCtive Iins WEAwINgs. deTeting thres
_ dimensional same or mirror-image block arrangements, * Subjects' .

task was to judge whether the.two figures were the same Or )

different. The time hormally taken by subjects to make

judgments of sameness was found to be a monagonically in--

creasing  function of the angular difference between the

portrayed orientations of the objects. From this result and

Shoi tne Bujects" intzospeetive reportd, these wuthors: ine

ferred that their subjects performed the task by mentally




‘rotating one of the pattérhs in three dimensional 'space’ €0 - -
match it to the other. In subsequent.studias, Cooper and

Shepazd (1973) and Cooper (LY75) have shown that if encouraged

to do so, people are able to perform mental ratations to map
& SRS HEAREE ST BACETNa T GoNeERL S, JEEEETY 5F 1EREgS-
. In deciding, for esample, whether a random shape‘or a letter
from the alphabet is the 'same’ with respoct to” i£8el shovn

1n dlff:rént orlentatlons, or 'different’ wlth ‘respect to its,

mage version, ‘the subject corrects for ‘angular !
discrepancies by mentally rothting the input stimuli to matoh,
he upright dnternal representatzon. Cooper and Shepard

(19733, Shapard and Chipman {1670), and shepard; Rllpatrlck

&()d ‘Cunningham (1975) suggest from these findifigs that there e
oxists some dogres of 140marphlsm *etwiden an cxtcrnal stimulus

and its ‘internal’ representation (see also I\'blb 1872} .

\loreover, Lho internal ohysloloq]cal representatlon cf a
rotated mental image niight be thc same, in at least some
respects as the internal representation that would heve been
generated by the rotateé stimulus itself.

Corpaliis and foldan (1575) have recemtly examined Hach's
hyuothens that t}-e v>erceptwn of symmetry in patterns whose
axis of sy\‘metry W ccher than vertical with respect to the -
nmedian plane of thc observer is accomplished by mentally
rotating the patterns into congruence with this anatomical

axis, Thase authors presentaed their subjects simple dot
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