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ABSTRACT
Research vas’ performed to emp1r1ca11y f1x the shape s]ant 1nvar1ant L
: component man1fested in response to a f1xed range of st1mu1us transformatuons
"and to d1scover the 1nvar1ant retatwons w1th1n the process of terce1V1ng
l.;shape and. s]ant The shape s]ant response funct1ons were compbred to B
funct1ons descr1b1ng 1mp1ngement and 1nc11nat1wn of targets in terms of
. »Euc]idean geometry (c051ne funct1ons) by measurement of area between
‘irespect1ve funct1ons to d1scover the deqree of 1nformat1on 1ost by v1sua1
f'transformat1on of var1ous target conf1gurat1ons Theoret ca1 aspects of
{*physica] and psycho]og1ca1 1nvar1ance were dfscussed 1n spec1a] reference
;}to a hypothes1s that phys1ca1 and psycho]og1ca1 1nvar1ance are d1st1nct
S1xty four ma]e SubJectS observed targets of a spec1a1 c]ass descr1bed
“as c1rc1es and e111pses var1ed three ways 1n respect to fronta] p]ane
;jm1nor/maJor axis rat1o (5 x5, 4 x 5 2 x 5) three ways in gespect to
"target surface cond1t1on Qout11ne p1a1n surface textured surface) two | ‘
j ways in respect to background (unstructured, structured), and four ways |
;fn respect to target 1nc]1nat1on from ‘the fronta] p1ane (O° 22.5°, 45°
f67 5 ) Shape response was measured from draddngs, wh11e s]ant resoonse
: was measured from t11t board sett1ngs ;' /i, -

Basac ana1y51s of the resu]ts by compar1son of st1mu1us and response

*

"va1ues 1n terms of 1mp1ngement/shape and 1nc11nat1on/s1ant respect1ve1y, A,_'

' show shape (response) values to be s1m11ar to 1mp1ngement (st1mu1us)

,va]ues but, s1ant va]ues to d1ffer from 1nc11nat1on va]ues The d1fferences

2

-between s1ant and 1nc11nat1on 1ncreased with decreases in target axis

)ratios, but were constant when comparing - shape and 1mp1ngement The°data
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prec]uded“disCussion in tems of an "er or" hypothes1s
Points f1x1ng shape- slant’ resuonse funct1ons for target surface-;}ggzi_' s
background -axis rat1o conditions demonstrated unlque psycho]og1ca1

invariance, w1th funct1ons vary1ng w1th target f1e1d cond1t1ons used

’~Spec1f1ca1]y, the results. show f1rst, a constant surround cond1t1on w111u ;

préduce a shape s]ant 1nvar1ant re]at1on for a g1ven target &urface c0nd1t10n ”gf‘

~second, transformat1on of target surface w111 transform the shape s]ant ‘ o

m . E J«‘rﬁf‘. I
funct1on, th1rd, a constant target surface cond1t10n w111 produce a shape-.
/ .

: s]ant 1nvar1ant funct1on for a. g1ven surround and fourth transformat1on |
.of une surround W111 transform the shape s]ant funct1on The.rellab111t¥\‘ \

_ of the data was estab11shed

» -

An emp1r1ca1 measure of env1ronmenta1 1nformat1on was estab11shed
for the cond1t1ons used by compar1son of the psycho10q1ca1 1nvar1ant

'functtons and the Euc\hdean geometrwc funct1ons revea]1ng the out11ne

cond1t1on\pFésented the greatest*ﬁnformatwon 1oss (greatest area between ‘f'

phys1ca1 and psychoTog1ca1 funct1ons), w1th textured surface p1a1n _

.$urface and background cond1t1ons present1ng less 1nformat1on 1oss

respecttve]y ‘hv - «',5‘”f.} 'f,-‘ L f_ _:'} :Vrrsff,ff? |
SR S0 .

. The psycho]og1ca1 1nvar1ance funct1ons ware d1scussed ﬁn terms of
“d1stort1on of an edge g1ven with two d1méns1on targets 90° from the

‘frontal p]ane v'Two var1ab1es were con51dered proport1on of v1s1b1e ',f 'ﬁ S

e,
pabd

area and symnetry of v1s1ble area arou?d the 11ne of rotation
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.. - Introduction L
o 2 . -

w}.h W1th1n the ord1nary 1anguage system a categorv of phys1ca] st1mu11.
refered to’as 'form' has. had various: ”names” (proper nouns) assoc1ated
w1th 1t wh1ch des1gnate numbers of" the category However as %R the case g
of nam1ng surface co]or, where names are ass1gned to only severa] hundred
of the approx1mate1y 7 172 m1111on d1scr1m1nately d1fferent samp]es, few ”
o of the end1ess/poss1b111t1es of . 'form as members of the category actua11y
i recelve dlst1ngu1sh1ng'f1t4e5' For examp1e W1th1n the spec1a1 range of '
’ two d1mensiona1 st]mu71 of foca1 1nterest‘here one form is ass1gned the
name c1rc1e" 1f certawn propert1es are rea]1zed while a who]e group ~
of d1st1ngu1shab1y d1fferent forms are 1umped together under the headnng L
e111pse“ if other propqrt1es are rea11zed } B | | B
3 Us1ng meaSurementX the convent1on has been to ca11 two d1mens1ona] ’
: st1mu11 c1rc1e" when the measur1ng dev1ce emp]oyed g1ves the same va1ues‘
from center to outer edge at a11 pos1t1ons when 1ocated in the same p]ane ;;‘
' as the f1gure In the case where measurements made under 1dent1f1ca}//f
i cond1t1ons descr1be the formu]a xz/a2 + y2/b2 = 1 for examp]elw\khe
,j form 1s g1ven the t1tle “e111pse " b’, o ) )
Such measurements u1t1mate1y def1ne the "rea1“ (Thou]ess, 1931)

or- "d1sta1" (Brunswxck 1956) obJect and are expressed as s1mp]e rat1os

b, 1,

A clrcle is. des1gnated by the va1ue 1. 00 -as a]] axes are equa] E111psés -

are des1gnated by vaIues vary1ng between 1. OO and 0. 00 depend1ng upon the e

re]at1on of the ]ength of the m1nor and maJor xes. Much has been mZﬂe i
of "real" object measures conceptua11y, but neverthe1ess they seem t

have doubtfu] status as exp1anatory concepts (Koffka, 1935)
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’.us1ng v1sua1 dev1ces or metaphors For examp]e the mathemat1c1an -

presents the concept at an "1ntu1tivé? 1eveJ~by asking.oneutorapprecfate5;5'”

plane geometry Nlth1n percept1on three metr1c var1ab]es have bee&
ev1dent These are (A) measurements ot the fronta] p1ane prOJectIOn br

1mp1ngement of the st1mu1us ear11er ca]]ed retingl - 1mage or st1mu1us

. obJect by Thou]ess (7931) and ”prox1ma1 st1mu1us by Brunsw1ck (1956)

forms as we71 Hence two d1mens1ona1’st1mu11 may be def1ned as sol1ds =

w1th f]at surfaces represented by var1ous cross sect1ons, 1e, cwrc]es.

and e111 ses as cross sect1ons of rlght c1rcu1ar cy11nders.or cones;z‘
Thebabove soec1f1cat1ons each represent measurements on phys1ca1

scales Phys1ca1 stimu11 are a]so compr1sed of othe? ohot1c var1ab]es -

;.wh1ch haVe not been given brecﬁse metr1c treatment Common]y 1nc1udEd\\\_;d

'_are those cond“t1ons descr1bed as out11ne or. edge surface ‘t’Xture -

o } _ : '

_bifOfeground and background o ,;f“- -ZV"i.l e = KR

s,'

)

The notq\; of 1nvar1ance 1s d]ff1cu1t It is usua]]y conveyed

produced

The concept‘of 1nvar1ance became sc1ent1f1ca]]y s1gn1f1cant when -

‘2‘ -
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'geocentrjc theory began'to give way to more univer3a1 physical conceptibns.
Accord1ng to Bohm (1965) and von Fieandt (1966), conceptua11zat1on of the
general character1st1cs of movement was only poss1b1e because Ga]11eo was
able to describe movement as a permutat1on of velocity, making no reference
.to objects which m1ght~be involved in-movement. S |

Abstract treatment of change consists mathemat1ca115€cﬁ’descr1b1ng

)

re1at1ons between measuremehts (Bohm 1965) It is probably inaccurate <3"
> R

,to conceive of phys1ca1 inwariance simply ag) re1at1ons between phenoémena,.

as von F1eandt £1966) suggests Instead the phys1ca1 facts of space
s

cons1sts of re]at1onsh1ps between observed phenomena and instruments

(Bohm, 1965, p. 51), < R

The'notionzof invariance as theorization aboit sets of measurements -
has some importance for the present problem. For purooses of theory, we

require bas1ca11y no more of 1nstruments than-that they produceﬁneasure- :

ments representat1ve of* the who]e range of phenomena under cons1derat1on

. A J
,and are var1ab1e 3 N )

In percept1on, the human in fu1f1111ng expT1c1t exper1menta1

d1rett1ons prov1des phenomena which when sca]ed constltutes the measur1ng
&

= instrument . Fh1s is ana1ogous to a thermometer as an’ 1nstrument change '

I

in volume. of the mercury is the phenomenz and graduations on the tube -

: the sca11ng dev1ce‘ In the case ‘of the human however a]terlng

i)
-

d1rect1ons or mode of ‘response creates a new 1nstrument and necessar11y B
d1tfenent va]ues or 1ndexes even though the same Tnd1v1dua1 human is

1;,emp]oyed Theoret1ca11y, the part1cu1ar measur1ng 1nstrument used mav

O

| or may not make a d1fference in the form of the 1nvar1ance There 15‘

{
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genera11y no way ot knowing hefore experimentation whether a difference
v\ij]i occur or how this difference will occur. Th]S is determ1ned on an
‘empirical basis Thus, one ' finds Steﬁens (1951) descr1b1ng invariance -
on theﬁbas1s of scale types in’ p?;Ehophys1ca1 work, the part1cu1ar type
of scale depend1ng upon the rate atrwhich the relation of impingement
to response ghanges, Definition of the funct1ona1 re]at1on does not °
' depend upon qua11tat1ve or 1ntu1t1ve cons1derat1ons such as whether
magnwtude estlmatwon, hand grip, line length, c1rc1e s1ze, Toudness, or~'
br1ghtness is the 1ndex used. They are found to be of oﬁe type or
another on an emp1rica1 basis. So, as a matter of fact, he distingutshes
twq geneYa] types of psychophysical invariance, those descr1bec&by metathet1c
angd pro}hetlc sca]es | ‘

Psycho]og1sts toncerned w1th shape s]ant 1nvar1ance have oftwn
wanted to go- beyond these reunrements - This unfortunately amounts, in
some cases ‘to the assumot1on that some ﬁtrue“ type of measurement for -
qua]wtat1ve d1mens1ons of shape exists. Epste1n & Park (1963, 1964) for

-, examp]e offer extraneous criticisms of the use of draw1ng as an 1nd1cant

* of shape, 1gnor1ng emo1r1ca1 cons1derat1ons (Thouless, 1931) (Ne]son &

o

Bartley, ]964) in doing.so. . |
| Return1ng to matters more closely a111ed to ‘the exper1menta1
prob1em let me take the case of spec1a1 st1mu11 gsed 1n the exper1ment '
- to be reported to exemp11fy 1nvar1ance As said, invariance 1s descrjbed f<
- when a set of measures are coord1nated 1n a form stat1ng funct1ona1

dependence through a group of transformat1ons . Taking the case of the

circ]e and two examp]es of e111pses, relations of the metric var1ab1es
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“of 1mp1ngement and 1nc11nat1on defining these phys1ca1 stimuli may be
1ntu1t1ve1v grasped. through use of ordered tabular values or at

a visual level us1ng a graphic technlque Tab]e T gives the relational
values arrived at through appropr1ate measurement. Inclination is
represented in degrees from ‘the fronta1 plane while 1mp1ngement is g1ven
as the minor/major axis rat1o of the frontal pTane prOJect1on us1ng a

linear measure, ile. ent1meters Both aspects contr1bute one set of

measures t6 form the e]at1on for each, example of target form These
same values are prefented’ graph1ca]1y in Fiqure 1. The curves show
Linvariance visﬁa]]y representing Euclidean cosine functions wh1ch may
be‘takén.as mathems ical express1dy; of invariance. The graph and

fonctions descrioe transitional or dynamic objectsias well, as nreviausgy
4noted,\as Various cross-sections of o so]1d S | ;\l‘ ' t

Notice in the case of each form that one of the 1mp1nqement values,
given through the ratio concept1on, describe the "real™ obJect of Thou]ess
(1931) and the “prox1ma1” obJect of Brunsw1ck (1956). Po1nts marked,A,

B, and C are thus a statement of the 'réal’ forms called circle, 4 x 5
~ellipse, and 2 x 5 ellipse respect1ve]y )

To th1s point I have been concerned with forma1 notions of 1nvar1ance
w1thout much reference to perceptual theory, that is as to what it s
that is be1ng measured Let us turn now to a cons1derat1on of the role |
invariaAte plays -in sueh matters _ ' |

W1th1n psycho?ogica] theor1e:\2f perception, concern with invariance
‘has been represented 1n severa] forms, a]though not all dea] spec1f1ca1]y

W1th shape and slant, As 1nd1cated Stevens (1951), dea]ing‘with the
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.000

.996,
.985 10
966 15

.939
924 22,
.906 25

.866
.819 35

.766

.707
.643 50
574 55
.500 60
423 65
.383 61,
0.3482° 70
0.259 75
0.174 80
0.087 85
90

]
]
o
(w]

O .

20

30 -

40
45 -

TABLE 1

IMPTNGEMENT/INCLINATION'RELATIONSHIPS

 (for_€Hree target forms)

4 x5

’ ELLIPSE ELLIPSE .
'0.800 0s - ° 0.400
0.797 5 0.398 5
0.788 10 0.394 10
S0.773 15 -, 0.386 15
0.751 20 0.376 20
0.739 22.5 0.370 ° 22.
0.725 .25 0.362 25
0.693 30 0.346 30
0.655 '35 0.328 35
0.613 40 . 0.306 40
~ 0.566 43 0.283 45
0.514 50 0.257 50
>.0.459 55 0.230 55
" 0.400 -60 0.200 60
0.338 65- 0.169 65
0.306 67.5 0.153 67,
. 0.274 70 0.137 70
\ 0.207 75 0.104 75
0.139 80 0.070 . 80
0.070 85 0.035 85
0.000 90 o 0.000 90 -

.

TABLE 1. The relationship between values of

impingement and -inclination giving the cosine

~ functions for. the circle 4 x 5 ellipse, and

2 x 5 ellipse. ' Impingement values are given

~on the Teft in each set of columns and exp-

ressed as ratios of minor to major axes.

-Inclination values are given on the right’
vapd expressed as degrees from the frontal pla

2 x5

ne. -

0"

Q






Figure 1. Physical or cosine functions describing incTination and
- impingement- for a circle (I), a 4 x 5 ellipse (#1), and
a2x 5‘e1]ipse,(III)§, Points marked A, B, and C des-
cribe the 'real' objects of Thouless (1931

- tal objects of Brunswick.

';fellipse, and

- -

(1956) named circle, 4 x.5
X 5~e]1jpse,}respective]y. L

) dnd.the dis-
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A

syntactica1 aspect of response data has been much impressed with the
arbitrary dimension of theoréttca] description. Accord1ng1y he def1nes
measurément as the “a551gnment of numera]s to things so as to represent ‘
facts and convent1ons about them." - From th1s pos1t1on one wou]d o
consider 1nvar1ance as a formal dimension of theor1zat1on, ie. as separate
from but not necessar11y independent of natural events (Nelson: & o
Bart]ey, 1961) .
&In contrast another maJor qroup has trad1t1ona11y cons1dered

‘1nvar1ance a property represented.in percept1on what th1s pos1t1on

stands for is not S0 c1ear as ipvariance per se was not’ often d1scussed

The movement orobab1y began with the German trad1t1on of Exper1menta1

Phenomeno1ggy as a concern w1th process in. contrast to content Geothe

was certa1n]y an ear]y f1gure (Amer Sci. 1952).. But, within pﬁycho]coy

the notion can be traced to Brentano S rather crvpt1c statement“ that

mtnd cons1sts of acts that are phenomena character1zed by the1r }.

1nherent ob3ect1v1ty,\that 1s e these acts have L.§'1ntent1ona] 1nex1stenm
; an obJect that inexists 1ntentwona11y thh1n every act"t(Interp;etat1on ‘
’from Herrnste1n & Bor1ng, 1965) Brentano aoparent]y WOu1d have cons1dered
1nvar1ance as the act' w1th1n wh1ch an objeot 1nex1sts Invar1ance%
and ObJeCt are psych1c phenomena wh1ch are: to be d1st1nqu1shed from ’i_
thSTCa] phenomena | R | V’h‘. | : . ,i;b' | B
Th1s d1st1nct1on is made in severa] po1nts (Brentanz. 1874) F1rst, (

. psych1c phenomena are: 1deas and phenomena based on 1deas which appear

to the observer w1thout phys1ca1 extens1on Second psychic content
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has a relationship to an externa] or physical obJect on1y through «

R4

1ntent1onal inexistence', fie. on]y through -that wh1ch the nnnd suggests
the external ObJeCt to beX To put 1t another way, acts exc1us1ve1y be]ong
to inner percept1on and they are 1nterpreted throuoh other. acts
ATh1rd all external ex1stence, whether actua1 or 1ntent1ona]1y determ1ned

is der1ved from psychic content wh1ch 1s perceived as un1tary 1n contrast
‘to external 1stence (physical. phenomena) wh1ch may come as parts of B

| . a s1ng1e enomen?u) It is from th1s basis that others began to make

@
assumpt1o S concern1ng 1nvar1ance and its probab1e physica1 corre]ates '

‘Ges 1t psycho]og1sts attempted 1nvar1ant statements, but remalned
on a descr1pt1ve 1eve1 w1thout adequate sc1ent1f1c and emp1r1c def' ¥ ion.\a'
Von, F1eandt (1966) cr1t1ctzes their con51derat1ons on the grou' s of
: quant1f1cat1on in saying: ”d1ff1cu1ty in f1nd1ng appropr1ate uant1tat1ve
- definitions indicates. the crude, abstract level of such const ucts R 't '
and the mu1t1p]1c1ty of re]at1ona1 connect10ns 1n the f1e1d f psycho]ogy " f,

However Koffka (]935) succeeded in ana1yz1ng respghse 1nvar1ance
1n deta11 to- der1ve an understand1ng of shape perception. In do1ng SO
he used a d1rect trans]at1on He apoarent1y cons1dered Euc11dean
geometry as adequate means of descr1b1ng the perceptua] processes tak1ng
place. Koffka says: (1935 p - 229) 1f two equa] ret]na1 ‘shapes g1ve
rise to two d1fferent perce1ved shapes they w111 at the same t1me produce .
the 1mpress1on that these two shapes are dqfferent1y or1ented o o ' {j

A direct restatement of his hypothesis was made in 1945 by | |

Stavrlanos _She,postu]ated_that:- changes §:[ﬁhe,accuracy-with_whiCh d'



.*j71nc11natlon 15 Judged w111 be accomnan1ed by changes in the accuracy of

'f;fishape oerception such that when the 1nc11nat1on of an obJéct is f

. 7

Tff!accurate]y percelved, 1ts apparent shape will co1nc1de w1th the actua] ‘

"ff»shape, when 1nc]1nat]o  1s underest1mated the apoarent ‘shape w111

5};dev1ate from the act”a1 in the d1rect10n of the ret1na1 shape andﬁyhen

'*'

'tg~the 1nc]1nat1on of the obgect is overest1mated the aoparent shape W111
ﬁ;dev1ate from the actua1 “in the d1rect1on of greater than object match :
| {7or overconstancy e 119 L ',”':4_ _%,f‘ Lo . y_"
B G]bson (]965) and ggck & G1bson (1955) cont1nue in: ‘the. same trad1t1(
Zt’when they state that tthe 1nvar1ant comoonent in’ a transformatwon carr1es
'i-1nf0rmat10n about an obJect M. and ”when an observer attends to 1nvar1ance
; he perce1ves obJects Perceptua1 1nvar1ance s exo]a1ned 1n the fo]Towan
qway;' a ret1na1 prOJect1on of a g1ven form determ1nes a unlque re]at1on
'of apparent shape to apparent s]ant“ : Invar1ance 15 aqa1nw00h51dered
to depend upon a counter ba]anc1ng of two types of perceptual egror and
n‘man1fested emp1r1ca11y as a d1rect re]at1onsh1p between error 1n‘b;}ee1ved;
"1nc11nat1on (s]ant) and error in percewVed fronta1 p]ane 1mage»or03ect1on f
(shape) Thﬂs perceptua] theory W111 be refered to as the error |
;1nvar1ance hypothe31s B ' .' PR '. -
The error 1nvar1ance hypothes1s has been used extens1ve1y 1n recent
years,}but has adm1tte‘db1y (Epstem & Park 1963) not shown pred1ct1ons
,to be. ent1re1y forthcom1ng Koffka (1935) exper1enced d1ff1cu1ty L
;1nterpret1ng exoer1menta1 data then present and Stavr1anos (1945) dlrectvt
test genera11y fa11ed to sat1sfy pred1cted 1nvar1ant ne]at1onsh1ps |

(Graham, 1951, Epste1n & Park, 1963) Beck & Glbson (1955), 1n another ffh
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report, State "that the hypothet1ca1 ]1nkage between nsycho]og1ca1 shape
and s]ant 1s not r1g1d The resu]ts are ana]ogous to those of Stavr1—
‘anos " And C]ark (1953) and C]ark Sm1th & Rabe (1955 1956) study1ng
ithe ro]e of monocu]ar retwna1 cues in the percept1on of slant, state
"_"W1th some’ 1nd1v1dua1 except1ons, the resu]ts agreed With- the 1nvar1ance
"{"hypothes1s (1955) but 1ater (1956) "the data on the relat1on between -
_s]ant and shape fa11ed to accord w1th the 1nvar1ance hypothe51s " A]SO,‘
‘ W1nn1ck & Rogoff (1965) W1nn1ck & Rosen (1966), and Kraft & W1nnick
f(1967) a]] acknow]edge resu?ts prov1d1ng on]y “]1p1ted" support to the >
,3‘error 1nvar1ance hypothe51s F1na1]y, Epste1n & Park (1963), who * ié?

| rev1ewed/most of the work 1nvolv1ng what T have called the error |
'd"invar1ance hypothes1s conc]uded "the 1nvar1ance hypothes1s rests‘on a v{
-‘?precar1ous ev1dent1a1 base Attempts to prov1de exper1menta1 conf1rmat1on-
":of a prec1se re]at1onsh1p between aoparent shaoe and s]ant have been ,

}:unsuccessfu1 It wou1d seem that the adequacy of the hypothes1s depends |
_taon the possvb111ty the varlpus factbrs whose 1nf1uence on shape constancy"
i"has been demonstrated may be shown to affect perce1ved s]ant " Th1s
*:would suggest that the fa11ure of the hypothes1s -may. be. due to 1moroper

r*account1ng of certa1n operat1ona1 var1abTes L1tt]e research has

Sy
NN L

?tfo1lowed th1s d1rect1on | - |
o Another suggest1on concern1ng the apparent fa11ure of the error N
"’1nvar1ance hypothes1s has been g1ven by Graham (1951) He fee]s the ‘
flow 1eve1 of conf1rmat1on is due to non- contro] of the. surround about
’the st1mu11, e g presence of "extraneous st1mu11 " However Ne]son ,

;(1953) Ne]son & Bart]ey (1956), and Ne]son, Bart1ey, & Bourassa (19615
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using an out]ige target presented in a carefu11y contro]]ed, und1fferen-

tiated f1e1d g1ve ev1dence that control of - the surround on]y tends to.

reduce respoqse variability but in other ways does not support pred1ctwons

- made by the error 1nvar1ance hypothes1s

/

<A thlrd suggest1on regard1nq’the fa1]ure of the error 1nvar1ance

hypothe51s 1nd1cates the: prob]em may 1nvo]ve conceptua] as well as

S operat1ona] d1ff1cu1t1es Measurement of the qua11t1es of an object can

“refer on1y to deta11s of that obJect and does not\dea1 w1th the 1dent1f1ca— ~

.

t1on of the obJect by the observer (Ne1son & Vaso]d 1965) . There appears -

,to be actua]]y two perceptual events tak1ng place under the s1ng]e name-

' obJectfqonstancy First, and most ‘often used treats obJect constancy 8

' as a graded percept1on which most often 1mn]1es and consequent]y 1nvo]ves

!

"tm asurement That 1s measurement of such th1nqs as. v1suaI angIe, -

ttttt

‘ gra 1ent den31ty, area,.etc However there’ 1s a second cons1derat1on

be made and th1s 1nvo1ves constancy as 1dent1f1cat1on that 1s,

the organ1sm s ab111ty to recogn1ze obJects desp1te vary1ng cond1t1ons ,' 1,:

3

Aof encounter Here constancy is an all-or- none S1tuat1on where the '

f_obJect 1s perce1ved as a swngle th1ng

>:to be a house cat and conse nt]y 1dent1f1ed as a house cat, 1ts

‘trad1t1ona] saber tooth t1ger is; at such a d1stance that 1t appears

It wou]d seem that if an obJect was m1s 1dent1f1ed by an observer,

5
\ K <,

'measurement of deta11s from response may a]so be d1fferent from those

,expectat1ons cons1der1ng the phys1ca1 measurements For.example, 1f the

ywe1ght, 1ength He1ght etc may not be va1ued the same as those resu1t1ng
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from proper 1dent1f1cat1on as a saber tooth t1qer S1m11ar]y, Hastorf

(1950) cons1stent w1th the tnansact1ona1 point of view hé’represented =
| attemz&ed to 1nter3ect an assumed object 1nto constancy formu1at1ons

Haan Bartley (1953) did’ the same ‘thing.

; .
In trad1t10na1 d1scuss1ons of ‘the counteréba] nc1ng of errors v

leading to a statement of 1nvar1ance much concern\has been shown for
graded propert1es of the tarqet accompan1ed by an assumpt1on that the
" target was correct]y 1dent1f1ed fﬁata of Ne]son (1953) Ne]son & Bart]ey
(1956), and Ne]son, Bart]ey & Bourassa (1961) 1nd1cate however that a
target may be apparent]y m1s 1dent1f1ed andﬁconsequently yield a shape-,s‘
~s1an¢ 1nvar1ance funct1on d1fferent from that wh1ch wou]d be pred1cted
| ,'by Euc]1dean geometry | More spec1f1ca11y, shape s1ant response data '
from an e111pt1ca1 target showed apparent or1entat10n to.be much
h greater than was actua11y the case Therefore compar1son of results
from the m1s 1dent1f1ed target to resu]ts pred1cted by Euc11dean oeometry
Lu cou1d not be eas11y made and 1ndeed the two resu1t1ng %nrves may be
. COns1dered as séparate funct1ons for the ‘same tarqet Although mis--
_‘ 1dent1ZZjat1on doubt]ess occured th]s d1d not prove to be- exp?anatory |
4':of the per1mentaJ outcome The obJect descr1bed by shape and slant
i"was not the assumed %bJect unfortunate]y NeTSon (1953) asked h1s
subJects what they were v1ew1ng and found very ooor“correspondence
between shape slant re]at1ons and the phys1ca1 functAons descr1b1ng

3

: ret1na1 proaect1on and p]anefof or1entat1on

Let us now turn to another pos1t10n on perceptua1 1nvar1ance

: Thxs posit1on has been argued for by Ne1son and others in 1953, 1956
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“and 1961. {Here, physical and_perceptua1 invariants are considered . ‘

',untqueTy distinct' each-determined by-itsaown unique set of values. The

K [

key question h1nges upon, accord1ng to these men, the type of 1nformat1on. ‘
‘given by the 1nvar1ance functron If 1nvar1ance ms only to relate shape -
- and sfant percept1on to phys1ca1 descr1pt1ons of - objects0then it is ‘ -
| perhaps appropr1ate to employ\the errpr 1nvar1ance hyoothes1s If, -how—
v everx inquiry 1s ‘more Ga111ean 1n sp1r1t the bas1c,quest is d1scovery v
rof the 1nvar1ant re]at1ons w1th1n the process of perce1v1ng shape anp
'slant per se. Once these are ascerta1ned the problem then becomes one .
_of compar1ng psycho1og1ca1 to phys1ca1 1nvar1ance and dev1s1ng some »
'manner for represent1ng d1ffer’nces between funct1ons' Tak1ng th1S-

V1ew measures of d1ffereﬂce between functlons w111 g1ve the degree of

0

1nformat1on lost by v1sua1 transformat1on xf = s o o .f”;u,;*

( .

Let us turn to a c1oser ana]ys1s of th1s probﬂem 'thsical

S 0
1nvar1ance Ne]son suggests occured w1th a r1gorous restr1ct1on of 1anguage

w1th1n physncs That 1s, 1nvar1ances are abstractnons occur1n§<W1th1n
phys1ca1 1anguage systems The common cos1ne funct1on're1at1ng spat1a1
pos1t1on with respect to a fronta1 referent p]ane and fronta1 plane %%
1mage proaect1on is taken as- an examb1e of th1s pure]y phys1ca1 or‘ ,f'
forma1 abstract1on of spatma] 1nvar1ance Dhys1ca1 1nvar1ances are then s

phys1ca1 statements of the re1at1onsh1p between twq physwca1 character1st1cs 8

P

_)of the obJect as. prov1ded for examp1e by Euc11dean geometry Th1s

1s seens to proV1de exce11ent statements of stﬂmu1at1on, but not of

“ responSe . f‘{e‘:{ms] .'i‘:@ ‘”.- | | |

On the other ﬁand perceptuaT 1nvariances are cons1dered ,as pure]y
_ , Ty

P
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response chanacteristics » When def1nfd as. such, w1thout reference to a
phy51ca1 Space theory (1 e. Euc]1dean deometry) d1rect relation of shape

. ,
and s]ant response data is taken as the statement of shape slant invariance

. K :
for that g1ven conditipn. ,Perceptua] invariance is again considered an
&

“

vexper1ménta1 phenomena d1st1nct from the physical. In this way, Ne]son
is in close accord with Brentano (1874) and Husser] 61931), Asimilar

‘ theoretlcal ogs1t1on has been taken by Petermann (1932) who argues that
“in pure gestaTt ana1y51s “the fheoret1ca1 1nteroretat1on of the data
proceeds aTong Tines of 1ay1ng down funct1ona1 dependencies; to which

°

no ontological para]]e]s are,d1rectly related " )

Although very. swm1]ar to the second position concern1ng 1nvar1ance
:1n psychology discussed above Nelson's p051t1on d1ffers from that of

| vBrentano (1874) Husser) (1931), and P1bson (1950) in two mafor respects,

F1rst def1n1t1on of shape response and slant response 1S made within

ratio and interval scales respectively, rather than w1th1n a pure

phenomena1 1anguage This was undertaken to elj inate one undesirable |

feature of pure phenomena] abstract1on, nan!*?i%fe detachment of perceptton

from phy31ca1 abstract1ons of space NeTsoh s approach allows one to

re]ate berceptual 1nvar1ance to phys1ca1 1nvar1ance or phys1ca1 measure-

ments of st1mu]at1on, i.e. phystea1 coi’he funct1on, but at the same

t1mg one does not fall into the trap of expecting some f1xed‘degree of

veridicality from. responses Perceptionzls not 1eft stimulus bound in -

such a S1mp]e way as occurs when 1nvar1ance 13 measured by formulas

common]y emp]oyed (e g. hap error: m1nu9 sTﬁnt error)

Second Ne1son cons1ders 1nvar1ances

1
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than being direct]y observable employing phenomenologiea1'methods of'
analysis. Further, he does not make the assumption that exper1menta}
phenomena are operating upon a Euclidean space theory, and thus does

not assume responses are bound to Euclidean abstractions.

. . -

The Problem

)

N THe present investigation attembts to emo1r1ca11y f1x the shape-

o

slant invariant componen man1fested in resoonse to a f1xed range of

stimulus transformat1ons The shaoe s1ant (resoonse) invariant will
A

be def1ned by fitting a funct1on to shaoe and slant - data ar1s1ng from .
_perception of various forms , each of which reoresents a cy11ndr1ca1
cross~sec§ron,(circ1es'and ellipses). The exper1menta1 cond1t1ons w111
.be such that the invariant. component of stimulus transformation will be
deflned by various cos1ne functions of Euc11dean geometry that is

single cy11ndr1ca1 Cross- sect1ons will be shown at a number of orienta-

t1ons each-cross- sect1on having its own. function.

Variant components of st1mu1us transfbrmat1on will a]so be )

emp]oyed ¢ The experiment w1]1 re]ate the shape-slant invariant obtained

r

w1th the stimulus 1nvar1ant to alterathons of target surface and back—

ground Nelson, Bart]ey, & Bourassé—(]96]) suggest that such vartants

~

may be effect1ve in a1ter1nq the form of resoonse invariance .- )

(3

- The specific-hypotheses’ are as fo]]ows

1. A constant surround condition w111 produce ‘a shape s]ant

"% L

1nvar1ance re]at1on for a given target. o /

2. Transformat1on of target—surface’wil? transform the”shape:'

1
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A constant target surface condition will produce a shaoe-sTant

1nvar1ance functlon for a g1ven surround. e

'”4{ Transformat1onwof the surround wil] transform the shape-slant *
function. ‘5 . -

If response invariance changes as target surface and background are
a]tered these will be further ana]yzed in an attempt to d1scover some-
th1ng concern1ng the amount of ' 1nformat1on they have prov1ded the
observer concern1nq the phvs1ca1 nature of the taroet 'Informat1on
'here is an.emnirical measure in contrast to other theoret1ca1 approaches
and will be measured by the degree of correspondence between the percept1on
(shape- s]ant invariance) and the phys1ca1 invariance (the object as

descr1bed by Euc11dean geometrv) The measure will. be based" upon. the

-area between the curves., Comp]ete congru1tv or perfect physical commun1—

~cat1on will result in super1mpos1t1on of the curves and an area equal

- :
to zero Increas1nq 1ncongru1ty or decreas1ng phys1ca1 commun1cat1on .
will result ip curves w1th areas progress1ve1y greater than zero,

v

Method
. o
'Subjects L : ,
S1xty four ma]e un1ver51ty Students and staff served as observers
Al had norma1, corrected or uncorrected v1sua1 acuity-as shown by a
standard Snellen chart and were na1ve w1th respect to targets, field

cond1tlons, and exper1menta1 hypotheses . On1y male observers were

1used as some researchers (W1tkens ") suggest there may be sex E
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differences in studies using an undifferentiated field similar to that to

be reported here.

Apparatus

| -Targets were forms of'a special class described as. ”c1rc1es” and
e111pses“ yar1ed three ways in respect to fronta1 plane minor/major
axis ratio when major axes are equated for length and three ways in respect
to surface condition. Presentation varied two ways in respect to back-
ground conditions and ?bur ways in respect to target 1nc11nat1on from

the frontal plane. More spec1f1ca11y, the four c]asses of var1ab]es

o

. " o .
A, TARGET FORWX/ o i
\\«\ . e ) & '
1. circle — o -+ e :
2. 4 x 5 ellipse
3.2 x 5 ellipse
B. TARGET SURFACE CONDITIONS N
- = - 1. outline : : |
C 2. flat .surface . ' 'y

3. texture

C. FIELD CONDITIONS -

0_,,

1. undifferentiated =~
2. differentiated foreground .

v D. TARGET INCLINATION |
fronta1 plane ;
22.5° from frontal plane -

1
2. ' _
o 3. 45° from frontal plane’ R o
: : 4. 67.5° from frontal plane - - ‘

From"the first two c]aSses ofiﬁariab]es nine targetS‘reSu1ted
(three target forms each w1th three surface cond1t1gns) A11 were cut

from ]/8" mason1te board painted for the appropr1ate surface cond1t1on
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‘ with'fTuorescent paint (”KryTon”.Brand, Red Orange);»and lit by one of
two BTack Light Eastern Corp. Spectroline (TN- 150) UV sources dependlng
upon the 1ncT1nat1on, to provide equa] surface T]]TanatTOH through aTT
‘1ncT1nat1ons “ o
F1gures 4 - 5 show two target cond1t10ns Used Specifically

omitted are the outT1ne cond1t1on w1th the three forms at each incli-

nat1on In addition a Figure of the surface cond1t1on 1s absent. Figure

;4 the texture and Flgure 5 wh1ch TS a texture conditign with a d1fTeren- B

t1ated foreground are shown. Tab]e 2 g1ves the absoTute physical sizes
‘and visual -angles of the minor axis for the three target forms at ‘the

_ four or1entat1ons The maJor axis did not vary The v1sua] angTe for

| the maJor axis is. 1dent1ca1 to that of the c1rcTe in the/frontaT plane.”
VaTues in TabTe 2 were determ1ned mathemat1ca11y Measurement~d1rect1y.
» from the photographs yields s1m1Tar vaTues ) | |

The out11ne targets cons1sted of a one- 1nch outer border of
;Afluorescent palnt w1th the rema1n1ng interior port1on pa1nted fTat
-black. The, surface of the flat surface targets was ent1reTy cTuore—

| scent; “The texture targe@s were s1m1Tar ‘to the surface targets w1th the
‘except1on of var1ous s1zed fTat meta] washers gTued to the surface in

a random manner The den51ty of the washers was s1m11ar for the three

: target forms aTthough they presented d1fferent surface areas

An und1fferent1ated background (fleld) wa§ prov1ded by present1ng

fthe targets in a carefuTT arkened room, w1th surfaces it v1ew of 0
palnted flat bTack Two opms were used. The exper1mentaT room,
contalnlng the targets a he experlmenter was separate from the one 1n

P -
|

i
Iy



\ | TABLE 2 y R
v . .
STZE “AND-VISUAL ANGLES OF MINOR AXES FOR
“THREE TARGET FORMS AT FOUR ORIENTATIONS®
\ - |
TARGET FORMS Sy
CIRCLE . 4 x5 2 x5
|  ELLIPSE ELLIPSE
ORIENT.  S1ZE A Y s;ze wa size s
0° . 20.00" 4.10° 16.00" 3.25° . 8.00" 1.62°
22.5° 18.48" 1 3.79° 14.78" 3.00° = 7.39" .50 |
0T 188" 2,900 131 20300 s.egn g s
67.5° 768 1570 603 3200 3060 .60

TABLE 2. S1ze va]ues g1ven in 1nches and. v1sua1
angle values, given.in. degrees, for the minor"

- (smaller or horizontal) axes of the circle, 4 'x 5
. ellipse, and(? x 5@1lipse at orientations of 0°,
22.5°, 45°, and 67.52.. Size and visual. angle of

‘the major (]arger or vertical) axis did not
change with omentatmﬁ Size was f1xed at 20.00"
with visual angle fixed at 4. 10°

"

21
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Figure 4. Appearance of texture cond1t1on for 3 ellipse at. 4
or1entat1ons : ‘
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Figure 5. Appearance of texture condition ‘without presence of °
differential foreground. The thiee forms ‘and 4 !
orientations®used are shown.
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‘which the observer was situated. 'They were connected by a standard
_door-way b]ocked off in the upper oort1on ]eaV1ng a 31 1/2 X 52 1/2 “inch
passage. - ’ Further control for an und1fferent1ated f1e1d was pravided by
' reducing the intensity of the Uy 50urces and also by p1ac1ng a 0.4 log
neutral dens1tv filter mounted in "B” glass (does not pass- u1trav1o]et
rad1at1on) between 0 and the target The d1fferent1ated foreground was
accomp11shed simply by 1ower1ng in the frontal o]ane a heavy, 1 1nch .
Wire screen 18 feet 11 1nches from 0, pa1nted with f]uorescent oa1nt §§
contrasting in colop~to the targets' ("Kry]on” Brand, Lemon Ye]]ow)
‘Only ghe'textured/tgﬁgets were used with the d1fferent1ated field, how-i
ever. The Screen was 1it by a thxrd uv sodrce (TF- 250), also of reduced
intensity. o , o

Varying ortentatwons were accomp115hedlnlértongue and quove
arrangement pre-cut to the four orientations used, which . a]]owed rap1d
changes of tarqets ‘Apparatus was f1xed so the maJor axis rema1ned
ﬁ vert1ca1 Increas1ng or1entat1on from the fronta] plane moved the r1ght-
* hand edge of the. target away from and the left- hand edge toward the -
_ ogsé ver, effect1ve1y reduc1ng the minor axis, but not the maJor

The V1eW1ng apparatus cons1sted of a chin rest 1/2 1nch f1e1d -
stop, electric shutter and a1l 3/4 X1 1/£’1nch reduct1on screen 1 foot
.d1stant from O all appropr1ate in he1ght for v1ew1nq 1n a s1tt1ng |

pos1t1on Two m1rrors/Were adJusted to a]]ow for a 23 1/2 foot v1eW1ng~~

distance not otherw1se obta1nab1e between the two rooms . 0bservat1on~-‘

. 'y h\
was monocrlar w1th preferred eye A 10~watt,red bulb,'plqoe over-head
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! and'to Os r1ght was used constantly tg 11ght 0's immediate area and ther
response apparatus. ’
Shape was expressed by drawing on‘an 8 1/2 X 5 1/2 inch pad of
news-print with a\soft penc11 Neither major nor minor axis was indicated -
.on the paper prior to resnonse " Slant was expressed using a 9 3/8 x 10 1/4,.
inch wide tilt board p]aced 20 inches distant on 0's r1ght The board
was attached to .an auto transformer (Variac), which itself was connected
to a voTt meter in the exper1menta1 room. The surface of . the tilt board

palnted a co]or s1m11ar to the targets » vias 1it by the over- head red

i ded on the. t]]t board wh1ch set ‘the board 1n the

©bulb. A g

frontal .

(ST R

‘were bothg

iwas in a standard sitting pos1t1on Shape and,slant;~

nder binocular. conditions
Lz . -
' K "' B N .
- Procedure 1 PR AN
T B . - :“\7. ~
Four ex ental groups were arranged, one for each of the three

surface:condij »s ingthe undtfferenttated background and one for the -
textured surf> ; cond1t1on presented 1n the d1fferent1ated foreground .
and ong for t textured surface cond1t1on presented in the d1fferent1ated
:"vforeground each group conta1n1nq all three target forms | Observers
'\< were random]y ass1gned to one groun w1th a tota] of 16 O in each

. fObservers were tested for normal visual acu1ty, seated in a standard ‘

pos1t10n before the v1ew1ng apparatus, and g1ven approximate]y the 3
: fo110w1ng qenera], verba] 1nstruct1ons “You ?re about to see a ser1es

_ of 48 forms or tar ets I Will not te]] you what they are at. th1s t1me

. but 1t shou]d be f ‘: obv1ous once you see them Some w11] apoear to i;y/*’

-
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‘be or1ented or turned to var1ous deqrees we will go through this series
' twice, once recor$1ng shape and once slant. 'You wi]]\see one form at a.
‘time through this ho]e (f1e1d stop), . - Your task will b t; to observe the
. target, tak1ng -as much t1me as you w1sh, and then respond1ng Please
do not move the cha1r or ]ean back or to the s1de when responding or yoy -
.‘w11] not b@ in the necessary sTéndard posTtﬁon ;
Ha]f the observers gave . shane resnonses on the first series and v
han gave ‘slant. responses the order betnq random1y determ1ned pr1or to
exper1mentat1on The 1nstructlons for shape response was, apDrox1mate1v »
as- follows: Bes1de you is a pad of paper After observ1ng the target
for a suff1c1ent per1od of t1me not1ng its: shape, I would 11ke you- to
© draw the shape you have seen. Use any s1ze you feel 1s conven12nt but
pay part1cu7ar attention to the ma1or and m1nor axes Put one draw1nq
- 0n each page - The anprox1mate 1nstruct1ons for slant response were:
Here you see what is called a t11t board Observe the tarqet for a
.suff1c1ent period of t1me not1nq its or1entat1on then reoroduce that
‘jor1entat1on us1ng the t11t board .’ Cons1der the tilt board at the frontaT .
-,plane‘when 1t s pushed up aga1nst the stop /4/1 targets w111 be t11ted g
1'toward the r1ght JuSt as the t]]t board turns When resoond1nq try |
to 1gnore any changes 1n 11qhtness on the tilt board that m1qht occur
:After each response turn the board back to stop or fronta] p]ane A]]
a1nstruct1ons were flex1b1e a110w1ng for m15Astatement and demonstrat10n o

Observer s quest1ons were answered -~ The Os were" then readgusted

'1nto standard s1;t1ng pos1t1on and the ch1n rest adfuusted for proper o
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\zh%fght and.prefered e}e.‘ The shutter was nanua1]y opened by E to be
| sure 0 could see a test target placed in the presentat1on apparatus

The test target cons1sted of an 8 x 17 1/8J1nch wide rectang]e
also pa1nted with f]uorescent paint. F1ve tr1a1s were g1ven w1th th1s
target at var1ous or1entat1ons, but no responses were récorded The'
purpose was to show O the types of changes that take place w1th
1ncreas1ng or1entat1on from the fronta] p1ane

Three tarqets of a ser1es (c1rc1e,t4 X5 e111pse 2 X 5 e111ose)
were presented at the four or1entat1ons in random order but with the
‘same order reta1ned for both shaoe and s]ant resoonses Each target
at a:glven or1entat1on was seen a tota] of e1ght t1mes by each observer,;
four t1mes for s1ant ‘and four for shape , " -ft“ o

The slant resbonses were recorded by E from the vo]t ‘meter and )
1ater converted to degrees The m1nor and maJor axes of the shape R
Mdraw1ngs were measured in. cent1meters, prov1d1ng a statement of the

[

m1nor/maJor axis rat1o for that presentat1on
o '\ o o Resu]ts " f ‘-f'-,f _‘~’{ ’
Let me beg1n by descr1b1ng the resu]ts 1n a genera] way 'Of'the
| compar1sons wh1ch may be made between st1mu1us and response the
‘S1mp1est is %hat compar1son of the metr1c var1ab1es of fronta] p1ane
;prOJect1on and shape, both represented as m1nor/maJor axis rat1os
nF1gures 6a and 6b show1ng the phot1c var1ab1es out11ne surface and
texture foreground respectxve1y 1nd1cate shape response is c]ose1y
~tied to the character1st1cs of the fronta1 plane prOJect1on 'gThe;'—

.

Voo
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d1agona1 ]1ne would i d1cate a perfect re]at1onsh1p The curves are
.essent1a11y the same ﬁg: the four surface- f1e1d cond1t1ons The only
’matten uorth d1scuss1nq 1s that 1n no case-are the points even]y
distributed on both sides of the theoretical function over the entire
range of the graphs.  With “the smaller akis rat1 d@scr1b1hq impinge-
ment, response ratios are qreater than the corresponding 1mp1nqement
va]ues¢' In the middie and upper ranges response rat1os are less than
corresponding, 1mp1ngement values. -

“"Constancy" is seen to exist when the frontal p]ane’projection
gives axis ratios which are small, but when ratios are re1atiue1y
_great there 1s'a condition opposite that of constancy exp]anatibns.
‘Us1nq the 1anquaqe of constancy theory points falling above the
theoret1ca] function 1nd1cate “regress1on avayv from the rea] obJect "
The effect occurs for arl forms and has' been reported before (Ne]son,
Bartley, & Bourassa, 1961).

Aaether compar1sdn wh1ch may be made-between the sggnmlus and
»response characterlst1cs involves 1nc11nat1on of the,two dﬁmens1ona1
surface and sTant both measured in degrees from the frontal plane.
cFigures 7a and 7b, show1ng out11ne surface and texture ~-foreground
respectively, 1nd1cate the degree of;correspondence between the vari<
~ables. The d1aqona1 line would descrfbe a perfect- re]at1onsh1p ff
;‘1nc11nat1on were to act as a direct determinant Qf the measured resoonse,
all points woqu have to fa11 on or near this 11ne Notice that this

is not the case. At f1rst ‘the points appear random ovél the entire

‘graph, but c103er 1nspect1on revea]s grouping of D01nts on the ba51s
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Figure 6A. The relatijon between” shape and impingement withthe QUTLINE
. (top) and SURFACE (bottom) conditions. The diagonal lines
on each graph describe a perfect relationskip. Points
marked by solid circles = circle (5 x 5), by open circles =
4 x 5 ellipse, by triangles = 2 x 5 ellipse. Values along
‘ - both axes are minor/major axis ratios.

B
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Figure 6B. The relation between shape and impingement with the TEXTURE
: (top) and FOREGROUND (bottom) conditions. The diagonal )
lines on each graph describe a perfect relationship. Points
marked by solid circles = circle (5 x 5),, by open circles =
4 x 5 ellipse, by triangles = 2 x § ellipse. 'Values along
both axes are minor/major axis ratios. o .
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of the target form used. The fit to theoret1ca1 function is best for the
circle, with the . e111pses grossly overest1mated in inclination. The
‘degree of departure is. positively related to the th1nness of the ;orm.
The * dlfferences are re11ab1e and conform to data presented by others°
“(Nelson, Bartley, & Bourassa, 1961). '

This lack of correspondence between st1mu1us and response evident
in Figures 6a, 6b, 7a, and 7b can be expressed as average error. For -
this\purpose, stimulus and response may be ‘regarded as anchored to

f identical po1nts, jel Q° and 90° for 1nc71nat1on s]ant for al1. forms, and
_‘O and 1.00 for 1mp1ngement -shape if the circle is con51dered 0 and 0. 80

if the 4 X5 ellipse is considered, and 0 and 0.40 if the 2 x 5 ellipse JK "

cons1dered. Thus , averaqe error of s]ant percept1on and shape percept1o
expressed as St1mu1us - Response/N must fall wwth1n these ranges in

\Yhe(case of shaoe disregarding d1rect1on and form used,: error s 0.05 _

or 5;)of the usable range Tab]e 3 g1ves 2 breakdown of the errors for

- the var1ous forms used Not1ce that shape error values are 51m11ar for all

’forms used S]ant error va1ues on the other hand, 1ncrease cons1derab1y

as 1mp1ngement va]ues of the tarqets in the frontal plane decrease | |

: The lack of correspondence between slant and: or1entat1on in con]unc—

tion. w1th the-c]ose adherence of shape to frontal plane 1mage prOJect1on

‘ (proport1on) prec1udes successfu1 1nteroretat1on of data us1ng the error.

‘1nvar1ance hypothes1s d1scussed earITer This be1ng the case are we

to d1sregard 1nvar1ance or is- 1t poss1b1e to express the data as psycho- o

| 1og1ca1 rates of change? | ’ | ‘ | )

| F1gures 8,- 19 present data hearing upon_the'response inyariance

©
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Figure ‘7A.

. OUTLINE (top} and SURFACE (

The relation between slant and 1nc11ncat1on with the
battom) conditions. The
diagonal 1ine on each grapfi describes a perfect
relationship.. Points mavked by solid circles = circle -
(5 x 5), by open-circles ™4 x5 ellipse, by triangles
=2 x5 ellipse. Values along both axes are. degress
from the fnonta] p]ane , o

vy
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F1gure/:i \thprelat1on between slant and inclincation with the TEXTURE

) and FOREGROUND (bottom) conditions. The. diagonal line
on each graph describes a perfect relationship. Points
- marked by solid c1rc1es = circle (5 x 5), by open circles =
4 x 5 ellipse, by triangles = 2 x 5 ellipse. Values along
both axes are degrees from the fronta] plane.
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TABLE 3

MEAN SHAPE ERROR vs. pigan SLANT ERROR

TARGET - MEAN

" FORM SHAPE. ERROREE
- (ratio) *

CIRCLE 0.053 ..

, - 5.3 ¢
4 x5 | 0.047 |
ELLIPSE . 4.7% '
2 x5 W 0.046
ELLIPSE - 4.6

. Shape error (left) o mean sla
yided by the forniula STIMULUS
€llipse. Mean shape error is
slant error is given as degree

each set gives bercent of rang
For shape, this range is 0.00

- MEAN
SLANT ERROR
(degrees)

6.032
6.7%

12.722
4y
130.4571

33.8%

TABLE 3. Top number in each'sét,of values gives mean .

nt error (right) pro-
~ RESPONSE/N for three
target forms: circle, 4 x 5 ellipse, and 2 x 5 -
given as a ratio™ Mean

S.
e th
to 1

Bottom number in
e top number includes .
.00 for the circle,

0.00 to 0.80 for the 4 x 5 ellipse, and 0.00 and 0,40 .

for the 2 x 5 e]]ipse.‘ For s

for-aly forms.

| #’a

ant,

‘range is 0° to 90°

40
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hypothesesf_ . obta1ned from the four surface- f1e1d cond1t1ons

(out?ine,‘su} ‘fure, and foreground) over, the three target forms
i.ef 5x5 (c; -; x 5 ellipse, and 2 x 5 e111pse are represented
Each point fikt_ 4 response curve (heavv 11ne) represents the mean
shape response 0 ied aga1nst the mean s]ant response .for the part1cu]ar
condition indica:‘ i JWo other curves appear on each- graph The upper -
line is the physi;‘ .fnvarlant.(cos1ne function) and ‘the Jower the |
physiological invarﬁuit described by Nelson, Bartley, and Bourassa (195f)
These add1t1ona1 functfons describe two kinds of theoretical invariants -
}which might be expec}: io;operate 1n perception of theocirclev(ng.'BJ]T);
4 x 5-e111pse (Fjg.ir "3, and 2\x 5 e1]1pse (F1o 16 - 19) |
| The purpose 3_ this research, in part, is to f1nd cond1u1ons which
will produce response functions. approach1ng the phys1ca] 1nvar1ant in an |
attempt to estab]wsh measures of 1nformat1on The add1t1ona1 curves on
each graph prov1de base lines aga1nst wh1¢h the response funct1ons may B
be measured However before turn1ng to the prob]em of 1nformat1on, f‘

let's give cons1deratlon to the hypotheses as they appear in the 1ntro-.-

.}'

duction | t g ‘.,-‘ P g; . f‘ , D
- Data presented as ngures 8.~ 10 12 - 14, and’ 16 - 18 (out11ne,-‘ |
surface and texture w1th the c1rc1e 4 x5 e111pse and 2 x 5. e111pse) d’
conf1rm hypothes1s 1 wh1ch states that "a constant surround cond1t1on
will produce ¥ shape slant 1nvar1ance re1at1on for a glven target " -
'P1ott1ng mean shape responses aga1nst mean sYant response for a q1ven .

9

exper1menta1 cond1t1on produces 1dent1f1ab1e response funct1ons w1th

T h R,
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possible minor exceptionss These possib1e exceptions are seen in Figures
16 and‘T8..~In Figure 16, Showing the response function to the outline

) condition with the 2 x 5'e1fiptfca1'target{ an increase in perceived
ﬂ's1@nt without a Corresponding decrease in shape appears. In Figure']8*
(texture with the 2 x 5 e111pse), an 1ncrease in both shape and slant
w1th1n the range of the 1argest 1mp1ngement values used appears.

_ In the same way, Hypothes1s 2 was conf1rmed by data presented as
F1gures 8 - 10, 12 - 14 and 16 - 18 Hypothes1s 2 stated'& ”transformation
of the target- surface will transform the shape s1ant funct1on B

- Considerat1on of data presented as F1gures 10 & 11, 14 & 15, and 18
& 1&?(texture and foreqround w1th c1rc1e \4 X 5 ellipse- and ? X 5 elllpse)
shows these to conf1rm the expectat1ons of hYpotheses 2 and 4 wh1ch were -
stated as "a constant. tarqet surface cond1t1on W111 produce a shape- o
's1ant 1nvar1ant re1at1onship for. a ‘given surround? and "transformat1pn
‘of the surround will transform the shape s]ant funcéﬁon, respect1ve1y :
7Aga1n, p1ott1ng mean shape response. aga1nst mean s1ant resoonse for a v‘
;g1ven exper1menta1 cond1t1on produces 1dent1f1ab1e reSponse funct1ons

Let's cons1der the hypotheses more c1ose1y and at the same t1me

cons1der the problem of 1nformat10n and 1ts measurement by exam1n1ng
Flgures 8 19 1nd1v1dua11y “The funct1ons r:present1ng response to the‘“\
- outline, Surface texture and foréground cond1t1oh§ uswng the c1rc1e |
.f(F1gures 8 11) a11 ‘show a fa1r1y constant decrease in apparent shape as
the apparent s]ant 1ncreases, 1e a constant chanqe in: rate The greatest -
;portlon of a]] the response funct1ons 11e be]ow the cos1ne funct1onfaﬁd ;,w,]

. \ _

et
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' genera?ly between .the psycho1og1ca1 and phys1ca} funct1ons One exception
is found with the backgr0und cond1t1on (Figure. 11) where a port1on of the
response funct1on lies above the cos1ge at the targest phys1ca1 inclination
'used The>funct1on descr1b1ng response to the out11ne cond1t1on (F1gure 8)
;15 fairly 11near throughout 1ts range and lies close to the psycho]oq1ca1
funct1on descr1b1ng true 11near1ty between shape and s1ant Funct10ns

of the other. surface cond1t1ons depart from 11near1ty in the m1dd}e and *
1arger axis ratios. and appear to d1fferent1a11y approach the cos1ne o
funct1on The four funct1ons therefore apoear d1st1nct1y as responses to -
.non Euc]1dean cond1t1ons ' - -

Visual 1nsoect1on a]one,,however doés not reveal sma]] d1fferences o

between the four funct1ons 1n a manner adequate to d1st1ngu1sh four 7

“"response invariants as rega1ned by the Hypothese nor does it reveal the

R

unique re]at1onsh1ps of the functions to the cos1ne and psycholog1ca1

_1nvar1ants enscr1bed .on each graph and consequent]y does not g1ve a measure

of 1nformat1on Measurement of the total areas between .
@ -y

funct1on and the- response funct1ons extended by a stra1ght 1f’”_(dashed

u 3

11nes) to the po1nts whene the cos1oe funct1ons 1ntersect thgggxes'~

_cos1ne 1nvar1ant

, u(anchor p01nts, ie. «1 .00 at O° and O at 99 ) prov1des compar1son on- an"

‘ d1fferences 1n the descr1pt1ons made by the two funct1ons on each graph

i.ar1thmet1c sca]e re}at1ve to graph s1zea 'TotaT area" expresses

"-It 1s that area between the curves foahd by addlng the areas fa111ng on
(ve1ther s1de of_ the c051nesfunct1on, To 1nd1cate the d1rect10n of the '
_maJor area above or be]ow the cos1ne in the tab]es stat1nq meaSured va]ues

P



. Figure 8.

X

~

.Points déscribe thetre]ationéhip between shape and slant

(heavy tine) for the OUTLINE conditfon with the circle
target. Also shown are the physical (cosine) invariant

“(upper curved) and psychological invariant (Tower Tinear)

functions describing relationship of impingement and
incTination of a-circle. :
. b . .

8
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.
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" Figure 9-

%

- >

Points describe the relationship between shape and slant
heavy line). for the SURFACE "condition with the c¢ircle
target. Also shown are the physical (cosine) invariant
(upper curved) and psychological invariant (lower 1inear)
functions describing relationship of impingement and
inclination of a circle.
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- Figure 10.

Points describe the re]ationshib between shape and slant
(heavy--Tine) for the TEXTURE condition with the circle

- target. Also shown are the physical (cosine) invariant

(upper curved) psychological invariant (Tower linear)
functions descqibing relationshib of impingement and
inclination of a c¢ircle. '
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Figure 11.

Points describe the relationship between shape and slant
(heavy line) for the TEXTURE condition with the circle
target. Also shown are the physical (cosine) invariant
(upper curved) and psychological .invariant (lower Tinear)

(3

. functions describing relationship of impinement and
i inclination of .a circle. -
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positiVe and negative signs are employed: A negative sign fol]ow1ng

values given indicates the major proportion of the tota1 area lies be]ow
thevcos1ne function. A positive sign, converse]y, would- 1nd1eg¢e the:

major proportion of the tota] area to be above the cos1ne functwon

Consider Table 4. The values given in Part A are those areas

measured from Figures 8 - 11. The foreground functioe.is seen to enclose
the least area, while the outline function enc]osesfthe,greatest. Functions
g1ven by surface and, texture enclose respectively sma11er areas in relation
to.that given by the outline target. If differences in area are COns1dered
to be measures of the simitarity of response process to physical invariance
‘(g1ven by the cosine function), the response curve with the foreground
target is seen to most c]ose]y resemb]e the physrca], with -the phys1ca1
funct1on less well represented with the surface texture, and outﬂ1ne
targets, in that order. Fu1f1111ng the goal of def1n1ng cohd1t1ons wh1ch
will lead to- response funct1ons differentially approach1ng the Dhys1ca]
invariant, the values in Tab]e’& Part A may be considered as measures

of 1nformat1on presented to thq observer ih each case.

| Exam1n1ng the table in more deta11, an approx1mat1oniof the
psycho]og1ca] funct1on wou1d be ngen by a value of 3.10 (-). The outline
funct1on most c1ose1y fills th1s requ1rement In regard to var1ance
,measured between 1nd1v1dua1s and a]so presented in Tabhle 4 Part A,u1t
appears that c]oser approx1mat1ons of, the phys1ca1 cond1t1ons reduce the _
»var1ance Surface and background g1ve the Teast. However, not1ce that
vthe outllne function, wh1ch c1ose1y approx1mates the psycho]oglca1 func- -

t1on g1ves 1ess var1ance than the texture In each case, the.s1gn.
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TABLE 4
PHYSICAL INVARIANT - RESPONSE INVARIANT

CORRESPONDENCE WITH CIRCLE .

PART A . ' -

. MEASURED AREA
PHYSCIAL TO RESPONSE

- SURFACE CONDITION ~ AREA(IN.%) . yARIANCE

J - OUILINE ¢ 2.86(-) 1.74
‘;URFACE 1.97(-) 102
TEXTURE L 2.43(-) 2.15
FOREGROUND "1;62(5) 1.08

TABLE 4: PART A. The mean area, in square inches, between the cosine
function describing the CIRCLE and the response invariant provided by
four specified surface-field conditions; Negative sign -following area
-indicates major proportion of area lies below the physical cosine func-
tion. "See figures 8-11. . Variance between individuals is given in the
right hand column. ’

| *" PART B
RESPONSE - RESPONSE DIFFERENCES

OUTLINE  SURFACE -~ TEXTURE . FOREGROUND *
OUTLINE =~ 0.89 0.43 1.24
SURFACE t=2.17 | 0.46 0.35 -
| p<.025 ' - -
TEXTURE ~~ t = Q.95 t=1.04 0 . 0.8]
: N.S. - N.S: o .

FOREGROUND  t = 3.9

- TABLE 4: -PART B;'Hfhe difference values betweeh.those:area'values given
"~ in Part A, disregarding direction of difference above the diagonal. '
Vq]ues of t and p for these differences below the diagona]. d.f. = 30.
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indicating direction of the area }s negative.

| Now consfder Table 4, Part B. Here the technique of area measure-
ment provcdes compar1son petween the\response funct1ons themse1ves///The
table is in matrix form.. Above the diagonal, the values rep;esent the :
differences between those va]ues presented in Part A of Table 4. Below
the diagonal, the t-values and if significant the yafues of p for each
difference are given. With the”circ1e targets, signiffcance héé found
between outline-surface (reconsider Hypotheses 1 and 2) between outline-
foreground and between texture-foreground (recons1der Hypotheses 3 and
4), Other differences were not reliable with p<.20 1n all cases.

Let's now consider data derived from the out1ihe, surface, texturé

and foreground cond1t1ons us1ng the 4 x5 elliptical tarqets F1gures

12 - 15 show response funct1ons graphwca11v set to po1nts to show mean
apparent shape at mean anparent slant. |

V1sua1 1nspect1oh -of the four f1gures‘revea1s ‘each response function

to be essentially 1nvar1ant in respect to apparent shape and apparent
s1ant in that there are again fa1r1y regular decreases in shape 1ndexes

as slant 1ndexes 1ncrease However the response functwons with the 4 x 5
e111pse are found to differ from those encountered w1th the c1rc]e in
respect to their re]at1onsh1p to the phys1ca1 and’ psvcho1oq1ca1 funct1ons
aCompar1son of correspond1ng surface field cond1t1ons of the circle and

4 x 5 e111pse show the out]lne funct1on with the 4 x 5 ellipse (F1gure 12)'
to be essent1a11y a port1on of the phy51ca1 1nvar1ant where prev1ous1y
it lay close to the Tinear psycho]og1ca1 funct1on (Flgure 8) Here the
outJ1ne funct1on reta1ns its. 11near1ty in rate of change but changes 1ts )

pos1t1on in respect to the cos1ne Response functions w1th the surface
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Points describe the relationship betweén-Shape and slant.
(heavy line) for the OUTLINE condition with the 4 x 5

elliptical target. Also shown are the physical (cosine)
. fnvariant (upper curved) and psychological invariant

(Tower linear) functions describing relationship of
impingement and inclination of a 4 x 5 ellipse.
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Figure 13.- Po1nts descr1be the re]at1onsh1p between” shape and slant
‘ (heavy line), for the SURFACE condition with the 4 X5 .
e]]1pt1ca1 target. Also--shown are the physical. (cos1ne) ‘
invariant (upper curved) and psychological invariant
(Tower linear) functions describing welat1onsh1p of im-.
vplngement and inclination of a 4 X, 5 e]]1pse

B

1
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Figure‘]4.

. J\ , A . -

Points describe the relationship between shape and slant
(heavy Tine) for the JEXTURE condition with the 4 x 5
elliptical target. " Also shown™Sre the physical (cosine) -
invariant (upper curved) -and psychological invariant

(Tower linear) functions describingvrelationShip of

_impingement anfl inclination of a 4 x § ellipse.
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Figure 15.

Points describe the relationship between shape and slant
(heavy line) for the FOREGROUND condition with the 4 x5
elliptical target. Also ‘shown are the physical (cosine)
invariant (upper curved) and.psychological invariant
(Jower Tinear) -functions describing re]g?ﬁonship.of'
impingement and inclination of a 4 x & ellipse.
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(Figure 13) and backqground (Figure 15) conditions are seen to lie above
the physical, opposfte the case.previously seen with the circle (Fiqures
9 & 11). The function for the texture condition (Figure 14) lies above
the physical functionmat larger axis.ratTOS'but under this function at
smaller ratios. As with.the functions describing response to the various '
surface-field conditions with the circ1e,,visua1 inspection reveals ®
detectable differences between the four functiohs themselves. Again,
however, visual inspection alone is nof“adequatef

" Mean total area between the foux response functions described bv;
t.Figures 12 - 15 are presented in.Part A of Table 5. The techn1oue useol
in obtaining the va]ueS'js.the same as described for those presented -in
Table 4. - B | |
| f As visual 1nspect1on alone . suggested the out11ne function encloses
the least area, w1th texture, foreground, and surface enclosing oroqress1ve1y
greater areas. This represents an ordering of area values d1fferent from
that with the: ewre]e, ie. outline, texture foreqround, and surface with
.the 4 x5 e111pse versus foreground surface texture, and outT1ne.w4th'~~“'
“the circle greatest to 1east ) Here the s1gn is pos1t1Ve in three cases

¢

and negat1ve in only one (out11ne) .

This would sugqest.that although the resoonse fuhctiohs reflect
cznd1t1ons wh1ch lead to c]oser and c]oser approx1mat1ons of the phy51ca]
“invariant, thé 1nformat1on, as measured area, apparent]y Drovwded bv a
given surface field cond1t1on wassnot the same as that" provided if the

surface-f1e1d cond1t1on aopeared on another target form. Thus 1t m1oht

if“seem that the target form used affects the 1nformat1on given by varlous |

q surface f1e]d conditions. %gﬁ*—ig'
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TABLE 5

PHYSICAL INVARIANT - RESPONSE INVARIANT -
CORRESPONDENCE WITH 4 x 5 ELLIPSE

. PART A
™
o~ MEASURED AREA »
PHYSICAL TO RESPONSE ¢
SURFACE CONDITION . AREA (IN.2) VARIANCE
OUTLINE .97 (-) 0.5
1 ' o .
SURFACE 0.71 (+) 0.44
TEXTURE . 0.41 (+) ’-Q-84 '
P ’ .
FOREGROUND 055 (+) 0.93

TABLE 5: PART A. The mean area, in square inches, between the cosine function
describing the 4 x 5 ellipse and the response invarijant provided by four specified
surface-field conditions. Positive siagn fo]?owfgg area’indicates major proportion
of area lies above cosine function. Necative sian indicates major proportion of
area lies below the cosine function. See .figures 12-15. Variance between:
~individuals is given in the right hand column, ;

PART B
RESPONSE - RESPONSE DIFFERENCE

-

OUTLINE  SURFACE * TEXTURE FOREGROUND
OUTLINE | 0.44 0.14 0.38 B
SURFACE Ct=1.76 030 0.06

p<.05 . . ‘ '
TEXTURE. Lt =048 t=1.07 " "0.24
_ S N.S. NS, - | :

. . : ¢
FOREGROUND - . t = T.27 -+ ¢ =021 - ¢ =0.75
T ms. NS s

TABLE 5: PART B. Théqdifference values between those- area vé]ues given in Part
A, disregarding direction.of difference, above ‘the diagonal. Values of t gnd p -
for these differencés below the diagonal. d.f. = 30, - %? S
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d1screpant w1th texture foreqround, and surface funct1ons resnectively -

~as that of the c1rc1e

o 65
A brief inspection of F1gures 20 - 23, to be dealt with in greater

detail later, may provide a partial answer to the structure of the data.

Notice that in the four f1gures, surface-field conditions are graphed

}lndependent1y of target form. The curves are related to the physical

invariant functions describing the circle, 4 ; 5 ellipseand 2 x 5
ellipse. Cons1der‘6n1y the open circles and imagine them as connected
to descr1be the response funct1ons as seen in F1gures 12.-15 (4 x 5
e111pt1ca1 targets),.or 1t you wish, 1mag1ne the physical invariants

describing -the circle over—1ayed on Figure 12 - 15, Measuring the area,

‘between the response functions gtven w1th the 4 x 5 e1]1pse and the

physical invariant descr1b1ng the circle, us,ing measurement technique
outlineq abOVe, it is seen that the out]wne funct1on is the most

i
less so. The values are 2. 54 2.40, 2 16, and ? 10 square inches, res-
pective]y. Th1s order 1S now ]1ke the case w1th the c1rc1e with the
exception of foreground and surface conditions, which remain reversed

However, when one consfders the d1fference between the va1 s of these

'two cond1thons is an area d1fference of 0.06 square 1nches, it is not .

1mposs1b1e to 1mag1ne that the order could easily be" exactlj the same

R
Rather than the 1mage nrOJect1on of the target in the frontal

} plane effectinq the 1nformat1on presumab]y contalned w1th1n a given

’cond1t1on the perce1ved s1ant (refer to F1gures 7a - and 7b) may have'

a]tered the re1at10nsh1ps of the response functions to the1r phys1ca1

A
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' corre]ates which would 1in tur;;\foect measured area values upon'which
information'content is based.

Returning'for a closer inspection of Part A-ef-Table 5, _an approxil
.mation of the psychological invariant would have a vaiue of 2. 48(—) ‘As
seen above, w1€ﬁ‘the 4 x 5 ellipse no response funct1on is remotely close h
to this value. Jiﬁ?,athne and surface cond1t1ons give the Teast variance, .
with texture and background giving more. This does not correspond‘to |
. cases reported with othen forms. Surface,’with the 1east'variance,'
enc1o;esathe greatest area Th1s problem is part1a11y reso1ved by
bcon51derat1ons presented d1rect1y above )

The va]ues q1v1ng the differences between the response funct1ons
are not affected by the base line used. Difference between surface f1e1d ,
cond1t1ons with the 4 x 5 e111pse are presented in Part R of Table 5,
Again in matr1x form, the deference values are presented above the
diagona1' with the values of t and p'given be1ow the diaoona1 The
greatest d1fference occured between the outline and surface cond1t1ons '

and was s1qn1f1cant w1th p< .05, Other d1fferences were not as 1arge

and did not prove re11ab1e D1fferences between surface- texture and

Vs ¥

outline- foreground had va]ues of p> 15. The one difference found s1qn1-
. ficant prov1des ‘further supoort for, Hypotheses ] and 2

Turhgnqanow to the re]at1onsh1ps between response funotions of
out11ne, surface, texture and foreground evoked by the 2x5 e111pse
and the cos1ne and psycho]og1ca] functions descr1b1ng transformat1on of
this form (F1gures 15- 19), one- 1mmed1ate1y notices re]at1onsh1ps -

A\

. different than that reported before, With the 2 x 5 e111pse; all functions
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¥

[

119 well above both the cosine and psvcho10q1ca1 functtons, and can not

be considered good approximations of e1ther Response to the{outline and
surface targets (Figures 16 & 17) show sharp 1ncreases in mean apparent
slant with Tittle or no decrease in mean apparent shape when 1mp1ngement
values are 1argest In both cases, m1nor/maJor axis ratios recorded were
larger than the 1mp1nqement va]ue given by the target in the fronta] plane.
wou]d a]Tow W1th the textured target (Figure 18), on the other hand,
there is an 1ncrease in shape with 1ncreas1ng slant at the larger 1mp1nqe—
ment values, as pointed out before The qgreatest m1nor/major axis does
not exceed 1mp1ngement values, however, it is Questionable whether an
tnvartant re1at10n of shape and slant has, been demonstrated with the

)

texture cond1t1on as changes are not un1form thr0ughout the range. The

i

~background target (F1gure 19) gave a responsetfunctton 31m11ar in rate

of. change as those reported before but again, m1nor/maJor axis ratios

. exceeded va]ues of the 1mp1nq1ng sttmulus The response funct1ons evoked

w1th the 2 X 5 ellinse clear]y describe a case where resnonse does not
descr1be geometr1c conditions, |

The va]ues of the areas enc]osed by the response functtons gtven
by F1gures 16 -19 (2 x5 ellipse) are presented in Tab]e 6, Part A.
As shown, texture provides a funct1on which encloses the ]east area ‘t
fo110wed by outllne, surface and baéiground respect1ve]y Aqa1n the
order differs. from that expressed 1n Tables 4 (c1rc1e) an%?S (4 x5 ;,\
e]11pse) , The abso]ute values of measured area are a11 Tarqe w1thga11
s1gn,~poswt1ve, show1ng %h]y a tentative re]at1onsh1p to the phy51ca1 and

S)

psycho]og1ca1 invariants. This conforms to_the fthd1ngs of others (Ne1son,
(- Y ’ ' R



Figure 16.

S

~Points describe the ré]ationship between shape and slant

(heavy 1line) for the OUTLINE condition with the 2 x 5
elliptical target. Also shown are the physical (cosine)
invariant (upper curved) and psychological invariant
(Tower linear) functions describing relationship of
impingement and inclination-of :a 2 x 5 ellipse.
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Figure 17.

Points describe the relationship between shape and slant

(heavy Tine) for the SURFACE condition with the"2 x 5°
elliptical target. Also shown are the physical (cosine)
invariant (upper curved) and psychological invariant
(lower linear) functions describing relationship of.
impingement and inclination of a 2 x § ellipse.
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_ ’AFig;kg 18.

Points describe the relationship between shape and slant
(heavy line) for the TEXTURE condition with the 2 x 65 -
elliptical target. Also shown are'the physical (cosine)
invariant (gpper.curved)'and psychological invariant
(Tower Tinear) functions déescribing relationship of

" impingment and inclindtion of a 2 x 5 ellipse.
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A‘Figure 19.

p,

( & //
Points describe the relationship betweeg‘shape and sflant
(heavy line) for the FOREGROUND conditidn with the 2 x &
elliptical target. Also shown are the physical (cogine)
invariant (upper curved) and psychological invariant
(Tower linear) functions describing relationship of
impingement and inclination of g2 x5 ellipse. .
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TABLE 6

PHYSICAL INVARIANT - RESPONSE INVARIANT -
CORRESPONDENCE WITH 2 x 5 ELL IPSE

PART A
 MEASURED ARE, ,
PHYSCIAL 7O RESPORSE -

SURFACE CONDITION _ - AREA (IN.%)  vapIAncE .
OUTLINE 1.94 (+) . 1,54
SURFACE ' S 2.02 (+). T g5
TEXTURE o S L76(+) 062
FOREGROUND 230 (+) 4' 10.83

TABLE 6: "PART A. The mean area, in square inches, between the cos?%e function
describing the 2 X 5 ELLIPSE and the responsey invariant provided by four spec-
ified surface-field conditions. Positive sign following area indicates major
proportion of area lies above cosine function. See figures 16-19. Variance
between individuals is.given in the right hand column.

PART 8
. ARESPONSE - RESPONSE DIFFERENCE s
| OUTLINE - SURFACE . TEXTURE FOREGROUND
OUTLINE 0.08 - 0187, > 0.3
o SURFAEE . 85022 . 096 oo
b o S, e :
TEXTURE. - - te0.50°  t=o0.9 . .0,54
% - . . N.S. - N.S. o - . - \
5 ‘ | o -
- FOREGROUND ~ ° t =0,95 t =0.93 % =7.80 | T
o . . R : N.S.:"‘i;‘ir‘; . N.S. o p<05 ' ) I !

- TABLE 6: PART B The,difference'va]ues'between'thosefarea values given in Part |

Pt

A, Hisregarding direction of difference, above the diagonal.’ Values of t and
"~ p for, these differences.below~the diagonal. d.f, = 30, \ ' :

-
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Bart1ey, & Bourassa, 1961). , . 2'%2

Cons1der1ng the tab]e in more detail, no response function c1ose1y
,approx1mates the psvcno1oq1ca] which would be given by a value of 1 24 (-).
Surface response y1e]ds the least var1ance but enc]oses a relatively
large area, while the outline y1e1ds a large variance but encloses a
-re]at1ve1y smaller area than other response’ funct1ons

. Let me again turn briefly to Figures 20 - 23 (surface-field

~conditions fndependent of form). By compar1son of the resoonse funct1ons
-w1th the 2 x 5 e111pt1ca1 tarqetS'UJﬂhe physical funct1on descr1b1ng
.transformat1on of the c1rc1e one. can\sge the order of enc1osed Aareas

o+
greatest to 1east 1s texture out]1ne, surfaoe, and foreground, with

values of 3.12, 2.94, 2.86, and 2 58 respect1ve1y ~As is the case yith the .
4 x 5 elliptical tarqets, the cond1t1ons not represent1nq the order as
'g1ven with the circular tarqets dre separated by on1v very small areas
ie. texture and outline are d1fferent by the va]ue 0.38. Houever,.here‘
outline and surface are also separated by-a small area (0.08). It appears
the—three functions could be represented 1n a1most any order when

compared in this way. '

L}

' Consu]ting Part B of Table 6, only one comoartson was shoin to be

significant;-vtexture Vs, foreground Suoport is therefore offered to

s ’ > ' “ ’ J¢
Hypotheses 37and 4 by this outcome. Other d1fferences were not re11ab1e"’-**

- Taken in total, the above data seem to suggest fhat a c]assm~~

11ne, surface texture, and foreqround

1st1cs refered to as phot1c ie.
. - -

w1thout taking recourse to ge etr1c funct1ons for d1fferent form typec
. . ) g S
. fi . . -

% o



Figure 20. Points descripe a function of response to the 5 x5,
4 x5, and 2 x 5 target forms with the OUTLINE condition.
- Also shown aresthe Physical (cosine) functions for the
circle, 4 x 5 ellipse, and 2 x § ellipse (see Figure 1)
and the psychologica) (Tinear) functign for the circle.
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Fighre 21,

Points describe a function of response to the 5 x 5,

4 x'5, and 2 x 5 target forms with the SURFACE .,
condition. Also shown are the physical (cosine) fanc-
tions for the circle, 4 x 5 ellipse, and 2 x 5 ellipse
(see Figure 1) and the Psychological (linear) function
for the circle. ' .

L

A
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 Figure 22. Pojints describe a function of ‘response to the 5 x 5, 4 x 5,
and,2 x 5 target forms with the TEXTURE-condition. Also
shown are the physical (vosine) functions for the circle,
4 x 5 ellipse, and 2 x 5 ellipse.($ee Figure 1) and the

N ~ psychplogical (1inear) function for-the circle. P

BN
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Figure 23. Points describe a function of response to. the 5 x 5,4 x 5,
T T and 2 x 5 target forms with the FOREGROUND condition. Also
L . ‘shown are the physical (cosine) functions for the circle,
A 4 x 5 ellipse,~and 2 x 5 ellipse (see Figure 1) and the -
psychological (1inear) furiction for the circle. :
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Discussian L, R . .

cosine function describing'ihclination and iﬁpingement. THQS, in the
past, one finds Helmholtsz (1925) relying upon expériencevand sdme speciaf
knowledge of the perceived dbject to facilitate assfgnmentZOfxgome subjeq;
tive metric size t; the subject (and‘bresumably ra%io?va]ues fér shape,
lif he were to deal with shape and- stant), from the'retina] ﬁroject}on

- provided. For Hé]ﬁho]tz, the important varijables would be'unconsqious

inferencé/ﬁogether with sensory input. Gestaltists (koffka, 1935%
Thouless, 1931a, 1931b; Eissler, 1933; Klimpfinger, 1933) deve]pbed o

‘fn shapé and slant in relation to ratios‘ofaimpinéemént and orientagion
- provided by Euclidean geometry. * The ratio formulas were described '\,
ﬁkevi9u§fy as the err&r invariance hypothesis. ‘A | |

Gibson (1947;,1948, 1950) and Béck'&-GTbson (1955), continying

use Of‘the error’ invariance fokmu]as; introduCéd'opticé] tekture and E
- optibnai téxture'éradiehtaaas var%ables and’éonseQUent]y’mOQed fhe
ingérést froﬁ_shape pefcept}on to the pércepfion o?'siant; Maintaining
inferest in the invarfance hypbthgqfs withinbthig Same décadg; Clark,.“
| émith, and.Rabé (1955, 1956) sugggsf“?etfnal'gradients of,out]iﬁe as

the variable associated with shaﬁe-ﬁlantrbérceptioh. : -



perceptton F]ock (1962, ]963 19644, 1964b, 1965), fo]]ow1ng Gibson,.

also suggests optical texture as suffiqient for perception of slant,

,d1sregard1ng shape Freeman (1962, 1965 ]966a 1966b) , on the other

hand, would rely upon variables of contour perspect1ve Winnick and col-

: 1egues (1966, 1967) suggests pattern and textural gradient..

More recently, Braunste1n (1968) suggests texture .gradients a]one

are 1ﬁ§uff1c1ent and cons1ders velocity of textura] gradient change

_ Smith (]967) sees perceived shape as a functtoﬁ of ambigiity of contourl

perspecttve while Kajsep (1967) deals w1th slant as the major, var1ab1e

In a series of articles, Eriksson (1967a, ]967bl,]967c) found the shape— ‘

slant invariance hypothesis described by Euc11dean geometry was not

valid, but dependent upon field effects, He-reports"shape—slant
funct1ons s1m11ar to those regorted here, but dea]s w1th the d1fferences
in terms of powerq?unct1ons 1n\f1e1d vectors as descr1bed by Newton1an

phys‘l.cs.‘_g_“. ' ‘ ’ ‘ - - ‘

share one*common start1ng po1nt the fronta] plant. It is obvious -
that any g1ven projection can be prov1ded by an 1nf1n1tuderof=fprms,

or tb put it in reverse, and given form can subtend an' 1nf1n1tude of ‘
angles. By stat1ng the Starting po1nt as the frontal p]ane, I simpjy

suggest it has been convenient to reduce th1s infinitude to a common base

The assumed or "real" objects of He]mho]tz.(]925) Thouless (1931a, ]93]b),

~



. ' . s
Brﬁnswick {1956) , and'Hastorff (1950) are initially conceijved with respect
Y&fg;the frontal plane, In the same way, analysis of texture gradients begin:s
in the fronta] p7ané; although compresstn of elements must be analyzed

out of the frontal p]ané.

or?entatioﬁ Providing a commen measurement page . When targets are placed
in thgﬁbori}ontaﬂ Plane in respect to an obser?er, a]]'aré.seen'a;'qg
edge,vvarying inAOnly oné'dimension, Tength., onf cbursg, rotation fo 90°
'iin any plane wil) give an edge, Agaih; aﬁifhfinitude_of forms and‘angles;
is fed or coﬁvenience. .The study reporteq used rotation of the

target forms in the verticé]'plane. However, for éimp]ificatiﬁn of

obsﬁ}vér in the horizontal plane.

- Let's consider the target forms used iy fhe study'rébbrted; fe. a

‘ ciéc]e\and two examp]és‘of ellipses. In the fr&nta],piané théy breéent
to the ‘observer three axis ratios unique to the single form émp]oyedf
ﬂowevek, if all are oriented to 90° from the:ffonta] p]éne with the‘;

méjdr axié describing}the p]ane'of.rotatjoﬁ; é?] wi]]éBe‘seen as ah‘edge' L

or Iingvof edua] Tength as a1 havefigjtia]Iy equa]‘major'ﬁx;s. In

o

- _the case of the‘ellipses, the Tength of the observed edge would Vary
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A

ever, this was-not the case in the study reported. _

Al

Rotat1on of targets: out of the horizontal plane will present the
observen/gath a surface which will be cons1dered a d1stort1on of an edge,
As rotation beg1ns, two variables become ev1dent first, the proportlon
of ‘area g1ven by any two axes and second the symmetr1ca] dlstr1but1on xt%
of the area around the line or rotat1on u-? f_, \ '

Con51der the changes in s1mp]e proport1dn and - symmetry accompany1ng
rotat1on on the maJor ax1s of the- three taroot forms used in the study,
presented in Figure 24 The 11nes bisecting the f]gures hor1zonta1]y in
_series A, B, and C 1nd1cate the p]ane of rotat1on with the vertical
tlwnes 1rteach ser1es 1nd1cat1ng one base line against which symmetry-

'may be measured Serles A shows rotat1on of a c1rc1e from the horlzontalm
‘ plane (top) to 90° .from the hor1zonta] or the fronta] p]ane ( ottom),
-Serijes B, adx5 e1]1pse, and Series C, a 2 x § e1]1pse

o w1th'these forms, the changes of . proport1on and symmethy are
regular - w1th1n the conceptual ]1m\\s of Euclidean geometry Not1ce
that w1th1n the three ser1es, it wou]d be poss1b]e to construct a

!

comb1ned ser1es based on the var1ab]es of simple proport1on and symmetny
Y
- On the, other hand, if textura] e]ements were present (note Figure.4),

compress1on ratlos of the e]ements w1th each form wou]d d1ffer w1th
rotat1on and thus wou]d necessar11y requ1re response 1n terms of shape
‘and s]ant to conform to the 1n1t1a1 phy51ca1 ~form. The data does not
support the ]atter, but show the three forms were dea]t w1th as poss1b1y b
- a s1ng]e form seen tn varlous or]entat1on§ .

It is now postulated that the 1nvar1ant component in any shape s]ant

‘transformat1on 1s carr1ed by the® s1mp1e changes of proport1on and symmetry,-
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both measured against an edge: Texture target form 1n the frontal
pTane f1e1d relations and field structure become secondary to and are
~.carr1ed by simple ratio measures. o ,:'

The strength of our postuTatedhvariabTes, simple proport1on and
symmetry, for shape slant 1nvar1ant formuTat1ons becomes more evident 3§
when other forms are empToyed Cons1der Figure 25 In Series A, the axis |
of. rhtat1on was changed from the major to the minor, w1th th1s example
‘of an eTT1pse Changes w1th rotat1on are noted to be different than

' those given by 1nspect1on of Figure 24, The form is initially a line
| or.edge, becoming e]T1pt1caT w1th the major ax1s 1n the vert1caT then
- almost c1rcuTar rand f1naTTygeTT1ptjcaT with the major axis in the
v hor1zonta1 | R
If textura] elements were present in Ser1es A of Figure 25 at the
‘;same dens1ty as may have been present " in those of F1gure 24, much, greater
compress1on of the eTements would b% ev1dent at or1entat1ons near
h«the hor1zontaT pTane// With onTy the outT1ne form shown certa1n
." or1entat1ons may be noted to give rise to forms s1m1Tar to those of
. Figure 24 Ev1dence suggests observers woqu treat that f]gure of
'*-F1gure 25 as s1m11ar to that of A T1ke form in F1gure 24 | t”
Th1s wou]d accoun for the hvpothesized d1fferences between fonm
| types measured 1m'the frontaT pTane, 1e c1rcTe 4 X 5 eTTtpse, and 2 x 5 eTTTpse;
"Tf form type accounted for d1fferences reported in the data presented
above one woqu prefer to discuss var1ab1es measured 1n the frontal’

pTane But th1s was not the case CAs po1nted out above four responses

functlons desfr1be the data where not more than three geometrlc 5

’f"~ e

¢ = . ,»"."‘l
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Figure 25,

'0

Rotation of an el

from the frontal
» 07:8%  The minor

LTS
f
.
e

A ”

11pse on the minor axis. - -Four or1entat1ons-
plane are represented - 0°, 22, 52, 45°

, and
axis is p]aCed in the horlzonta] p]an
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descr1pt1ons shou]d have been necessary ‘ | L
The error 1nvar1ance hypothe51s would have been abproor1ate 1f the

three gedmetr1c funct]ons were -to . descr1be the data Compensat1on of

shape and s]ant shou1d y1e1d the three qeometr1c funct1ons Abpend1x

1 shows the data, co]lected 1n th1s study, grabhedx1n the error 1nvar1ance

healized No str1ct re1at1onsh1p was found between error in perce1ved v

: ;shape and error 1n percelved slant

,?x;if

e -

Indeed/ 1arge errors in s]ant were combensated by sma]] errors 1n I.f;;;‘é
Shapev Much 1arger errors in both shane and s]ant were 1n the same
: d1rect1on 1e 0verest1mation of under~est1matvon The cond1t1on 1s

'Qi'd1rect1y oppos1te to pred1ct1ons to- the error 1nvat1ance hypothes?i,

Measures of env1ronmenta1 1hformat1on deVeToped 1n the ‘past

..

g;usually been compr1sed of abstract systems Emp1r1ca1 measures have‘not
o been w1de]y develooed Con51derat1ons of osycho]og1ca1 an phys1ca1
f'1nvar1ance orov1des a bas1s for an emp1r1ca1 measure of env1ronmenta1

;j1nformat1on not re1y1né on abstract or a pr1or1 assumpt1ons Compar1son 'Tf7

g1ven array f[‘7if'F‘“ -;iff'?fi,bf‘.;f?,{if"ffff;“}'”.:tv¢7'aj'6j*ﬁi'
Phy31ca1 1nvar1ance as descr]bed above mav be p1otted as a cos1ne

function relat1ng 1nc11nat1on and 1mp1ngement of the snecwf1ed form

.8

~ tradition. In no cases were pred1ct1ons of. the error 1nvar1ance hypothes1s:~'

Psycho]oq1ca1 1nvar1ance or the response funct1on re]at1ng shabe and A

s1ant may be p?otted 1n the same'manner. As sugdested in the ntro-v;y.w_,

duct1on the area between the two functions may be measured and that area
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‘ ?'used to " assign a value to the 1nformat1on oresented to the observer
| Data of this sort-was presented above in the Resu]ts ;ect1on s f
'Inspect1on revea]s the out11ne cond1t1on to nrov1de the Sub ect w1th the

least 1nformat1on sWith the foreground ‘condition providing th

atest,

.Contrary perhaos q%ppred1ct10ns of Gibson (1950) the surface cond1t1on

surface. However,_there Were not 1arge differences between the respomse t
-funct1on$ given. w1th/the surface and texture condltlons The textura1
,e]ements present 1n one case d1d not aopear to affect,the resu]ts U]th1n
"h'target shape groups éygns1derat10n of proport]on nresented to the observer

ie, m1nor/maJor ax1s ratlos, at g1ven or1entat1ons apbears to ‘more - re71ab]y |

predvct funct1ons wh1ch w111 nge unlque eorrespondence between phys1ca1
" and psvcholog1ca1 1nvar1ance | | | j ,
W1th1n the ana1y51s made here env1ronmenta1 1nformat1on is carr1ed

,by tbose var1ab]es attr1buted to. the d1stort1on of a hor1zonta1 v1ew or

an edge, ie. s1mp1e proport1on and symmetry The emp1r1ca1 measure

varlables but effectjrespOn e ththevvarious arrays. Thus four response -

i

: funct1ons, g1ven in Fﬁgp’es 20~ 25 (out11ne, surface texture and

3foreground‘cOnditionS'Qrabhed, ver‘three target-shabes) represent ‘[ 'f\ 'f‘:‘;
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figures representative othahget shapes ‘usé¥ here,

©

went
= (Nel

involve
; R
-~ in the system, e E SR
Isolating the range, K, of objects that'arevthe'QOtential '

 %nexistent3has two -opposing méaﬁings;:‘Thus,’Bhentano‘s«connptationfmuStf\

> Tt is always some ‘one range that is uhdeh'aCtua1:éénsiderafion; ,
son & Bartley, 1961). ;Leonard_(195])‘OUtlined What-appeérs.to,be :
d prior to actual measurement as follows: - - R o

WA

“fnexﬁét7isﬁhot;found5in'unabridged:diétibnariESﬁ Further, .

h .

of significa

( he-orighaaﬁd'the major axis 7lies along either,the X- or y-<axis,.
With the foci on the X-axis, the formula is:- s s

Y

’

Isolating com 9> Ly of aualities that wit1 be treated

‘ or-actua];pOssessors,qf-thesé qualities, = RN
'Setting'up,operatjonal'criterja,for.deteﬁmininﬁ/ggét‘f;-'

- Qualities in L are possessed by what mumbare or K
- Establishing the’.conventional arithmetic notation
by which possession of‘qua11ties in L by members of K

Will be recorded. ’

ht,mathematjcal transformation, .

.
]

Asqertaining,enOugh‘abopt\K;ahd L to fiX the Timits B

be “taken From context:

3

. .
.EOOTQETES“' | :
: s ‘ -
; A\,Q-j “IEquations for an e]]inée’afe‘§ﬁmp1est;whén the cufve‘iszcentéred' “
an t

2Some authors demonstrate citc1e£”ahdIé]Tipsés=és‘érossuséct10n5"‘ -
ht circular cy1inders¢GTay]or,‘J959)uwhi}e others suggest Cross.-... -
sections of.cones (Hoelscher -& Springer, 1956), Either'wﬁ]} produce. .,
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. Appendix I . A B

Lo Shape,and s]ant response is graphed as an error value. Shape error

(broken line in’each draph) is deftned as shape response - impingement,

P

_w1th both va]ues exnressed as m1nor/ma30r axis ratios. Slant error (solid

)

line in each graph) 1s ‘defined as s]ant response < 1nc11nat1on, with both

Ne values pertaining

va]ues expressed as deqrees from the fronta1 plane,

to shape error are g1ven on the left vert1ca1 axis each graph. Slant

. error vaﬁues are g1ven on the right. | Pos1t1ve valtues (top half of each.
'~graph) 1nd1cate shape and slant values were greater than the correspond1np
1mp1ngement and 1nc11natwon va]ues, resoect1ve1y Hence OVerestimation
'of shape and slant.  That is, shape was Judged as more circular and s]ant

S as more tl]ted than exper1menta1 cond1t1ons prOV1ded Negat1ve valyes
(bottom half of each graph) 1nd1cate the reverse, or underestﬁmat1on
Values a]ong the hor1zonta1 axis 1nd1cate 1nc11nat1on of the tarqets .
with.the four vertical 11nes on each graph descr1b1ng the four spec1f1c
.target 1nc11nat1ons used, iJe. 0°' 22.5°, 45°, and 67. 5°
F1gure 1. shows shape and s1ant error. for three target shapes .
(5 x S,pgngAS, 2.x 5) Wwith the outline COnd1t1on Figure 2 w}th the
surface condition, F1oure 3 with the texture condwt1on and/?1gut§ 4 w1th ¢
the faoreground cond1t1on j S 17 g
For the error 1nvar1ance hypothes1s the error 1n shape response~f
,.shou1d be compensated by an error in the slant respo:>e to the exten%

that the two err?r va?ues w111 correspond to 1mpingement and 1nc11nat1on .

\‘values on the Euc11dean cosine funct1on represent1ng the Initial form used :
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That is, if errors are evident in the responses the errof invariance

, chenges n inclination, Jx} o _
Observ1ng the data graphed in F1gures 1 -4 revea]s that the error
,_1nvarience hypothesis is not upheld, The error va]ues of shape and s]ant
do not prov1de a conceptua] form wh1ch would be q1ven bv other va1ues of
a cosine funct1on For éxample, consider F1gure 1 and the 5 x 5 tarqet-
shapep The -.06 erpror in shape at a target ] 1entat1on of 0° wou]d
requ1re a slant error of +200 to fa11 on the cos1ne function, _The]sfant
oerror is in fact.onty +7° At a. target orlentat1on of 22.5°, the shape

error of -.01 requires a s]ant error of +3° when in fact the slant error |

is =16 Th1s is found to be true throughout all. the data
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