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R _i*;\ ' S ABSTRACT BRI :._if
[ | ThlS dtssertatron exam1nes the extent to. Which"data‘
5collected ﬁn' the mental otatton paradtgm can be satd to

be support1ve of the mentaﬂ rotat1on hypothes1s ..It“ is_,

¥ 47'

argued that 'accept1ng such data as strong support for the °

R hypothests"entarls .hold1ng. at 1east three_q addttwonal"

.:‘assumpt1ons about thé'~nétUre of the cogn1t1ve processqng""t

nvolved These are tt) that absolute angular d1spar1ty

"the ma1n funct1ona1 property of the st1mulus wh1ch theitf"
| z:]process operates on,.(2) that there ftéi JUSt one process?:
bwh1ch med1ates changes 1n response ]atency as a funct1on oF;ftb<;7'
.:;'tangular dtspar1ty, and (3) that the funct1onal propert1es offf‘_tgi?

~this. process ,egrtnvartanté across magn1tude changes inl

R

;;angular d1spar1ty 'foﬁf_f?f‘;gjh@*g ;f*‘:fﬂf,-

An exam1nat1on of the 'emp1r1cal 11terature suggests;'-fﬁ

: :ﬂtthat each of these assumpt1ons 1s 64 doubtfu] val1d1ty I

"af;part1cu1ar the assumpt1on regard1ng the funct1ona11y;;[‘ﬂu-;

- ai not1on of a co ord1nate frame of reference is requ1red to*i‘}'

”‘-»1mportant st1mu1us property 1s cha]]enged It-15>showni thatwlc_iinn

":".accéount f»‘ some asPeCts v‘«"totf  task performance CTwo

T e

-’f-exper1ments ,aﬁe: r‘<-:‘|E>Or‘ted wh1ch demonstrate the s1gn1f1cant?7;fff'

1feffect wh1ch a. pattern. unamb1guous]y or1ented _tnf;;a“'.f?""

tNS,

| 3vgrav1tat1on 1 co ord1nate frame has on response latency g,f*

.f‘SpeC1f1ca11y, 1t serves to e11m1nate the 1ncreastng 11near1f
frelat1onsh1p between response 1atency and anguJar dﬂsparttyg"f”
\at d1spar1t1es greater than 900, To account for 'th15-~;b

:findlng, the rotatton hypothe51s 1s abandoned in favour ofk_’

.‘_.

Y/
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'i*Héﬁé RT is the response latency,

| ,;f}fdtspar1ty, a is the tntercept and,

~ INTRODUCTION
N | | A
W1th1n the current controversy over the nature of

1'cogn1t1ve representatﬁon there 1s a body of data wh1ch 15"

"7_Judged support1ve of theoret1ca1 cla1ms made by the 1magery-t

,analog p051t10n These data are produced by the mental

':,‘rotat1on parad1gm developed by Shepard and h1s assoc1ates

(see Shepard 1975 for a rev1ew) As ftrst reported by

‘ *.Shepard & Metzler (1971), and expanded by Metzler & She ard Ly

‘ f (1974) it was found that "the t1me requtred to determ1ne,,'”

‘that two perspect1ve p1ctures portray obJects of the same
' Iy

'-rfthree d1men51ona1 shape 1ncreases accord1ng to a str1k1ng1y “1ﬂwfl*'

f11near functlon of the angular d1fference 1n the portrayed

i

"“orlentat1ons of the two obJects"'(Metzler & Shepard 1974 e
168)4 That 1s, the obtalned data can be descr1bed by the Af5¢:.?7

quuatton g?&;{;dgfg

A ]S the angu]ar
9

tutnterpretat1on of thts funct1on i.e., a theéret1cal accountid]~37¥?;
. 'ffdof the cogn1t1ve act1v1ty whtch produces th1s resutt .was asa:f°fid'

x""vfﬂdffollows f“the sUbJect makes the determlnatton of sameness ofty":hﬂ

(

‘T'fshape by carrytng out some sort of analog of an external
'f}rotatton of one obJect 1nto congruence w1th the other (pfjjd'fh

¢r168)

oo PR,
Lo e

.1s the slope The _y»:-.d e



»

Th1s analogy to a phys1ca1 process 1s on the surface,

b

wappeallng for two reasons The mathemat1cal formaltsm whtch

L4
o

'*_expresses the relat1onsh1p between mot1on and d1sfance for ;b

'7constant veloc1ty, v, the t1me trave]led i; w111 bé af’

'{phys1ca1 obJects also f1ts the 11near relat1onsh1p descrlbed

hrn equat1on 1. leen that an obJect 1s trave1]1ng at- a g

-—

e .

';.l1near funct1on of the d1stance travel]ed d Thus, we have

’ :fLJ'ni)_'crsil.yfol'“A_'lbc‘rvm R e

;“ the fOIIOW1ng equatto}

gn the phys1cal mode]

’S*In thls case, the re01procal of the slope 1nd1cates

: "ququa11tat1ve set of data These data comprtse notfonty“
..4_“fi?f‘subJects 'reports of v1sua1 1magery but a]sotﬂhe;reports » fjgags;:f~

'f‘ff:ﬁwhtch suggest that the 1mages were' rotated?:.

ve1001ty, and the 1ntercept 1s an add1t1ve constant wh1ch
hfdoes not enter 1nto the causa] relat1onsh1p between t1me,:

. veloc1ty,.and dtstance

"fof an obJect ~-'can aTso be app]1ed to a phys1cal movement

':“?{fof a rea] obJect Th1s character1zatlon of task performance

r?f,1mage analog v1ew of cogn1t1ve representatlon (e g ,ffﬂ”'”

lﬁaﬁ?iknderson & Bower,_1973 Attneave,V1974 Chase,¢1978

Crowder 1976 Kosslyn P1nKer, Sm1th & Shwartz 1979

Kosslyn & Pomerantz, 1977 Pa1v1o 1978)

The purpose of th1s’dlssertat10n is to examtne the ::

'~7ffw1th another has been v1ewed as supportf%e of a more general

s

o

The suggesttve"

‘c.v

A

Ju7:paralle1 was that' such a descr1pt1on';—3that of a rotat1on -)'»

In add1t1on to the quant1tat1ve data descrlbed51n;}he f-frrijfy

-“ﬁ}@ﬁas a mental rotat1od? of one representat1on 1nto congruence ffégﬁt:*



RO
o

VaTidtty of this’conclusion. Two general questions will be
_raised 'First to what extent can the ex1st1ng data ‘
collected w1th1n the mental rotatton parad1gm be
}\reasonably con51dered 10 be ev1dence for the rotatton
°h';hypothe51s’ Second is the ' rotatton hypothes1s, ﬁ
' '1ndependent of 1mmed1ate ;upporttng ev1dence worth
-reta1n1ng as a worktng assumptton about the natune of
S cogntttve functlon1ng and representatton7~}u‘ » | L
.;é”,p ‘ \\;\5 : The ftrst quest1on a1ms a{ explor1ng the retat1onsh1p
| - etween ‘a data structure and a cogn1t1ve mode 1. dertved from;_
it. Spe01ftcalty, 1t shall be argued that accept1ng the .
‘“ above descrtbed ltnean functton as ev1dence entatls holdtng
. certain assumpt1ons about the cogn1t1ve act1v1ty whtch
‘underltes task performance The assumpttons to be cons1deredf
‘here are exten51ons of three charactertst1cs of equatton 1.
These are (1) the number . of var1ables in the equatlon (2)
Y the number of parameters in the equatlon, and (3) the L
‘re]auaonshtp between the parameters and the var1ables Each
of these shall now be dtscu ed in turn

As expressed 1n equat1on 1, there is pntygone variable

"whtch a modet must take- account of Taken*ttteratly, the

o
b equatton suggests e e

N | |
(A1) Angulan d1sparity betweenjtwO-patternsiis‘the
major §timu1usvwariable'whtch'thelpsychotogtcal‘
process takes account of when Judgtng the 51m1tar1ty

'f of two patterns | o

This assumpttdn is supported by an analogy to the phy51C3l

_ qndel The phystca] modet in equatton 2 asserts that
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o holds strlctly to the analogy, there is no way 1n wh1ch

}.ICOns1deratlons of the propertles of the object do not enter

,1nto the causal relat1onsh1p between time, d1stance and_'

veloc1ty Translated into psychologtcal terms, th1s suggests>

that 1ntr1n51c structural characterlst1cs of theg patterns

Vare not inTany 1mportant way related to the process of

_;udg1ng the s1m1lar1ty of patterns,rotated.relat1ve~to:each

other ,\' o o /o _
Th1s assumpt1on can lead to a number of add1t1onal

cla1ms For example .one p0531ble extens1on is that the

'»process operates un1formly on the, entire or whole
;representat1oﬁ\o¥\the pattern Th1s would appear to make
_sense, g1ven the phys1cal analogy and the subJectlve '

| f_‘reports In add1tlon the assumptlon has led to add1t1onal
‘cla1ms that the representat1on is therefore 1mage or‘ |
_ plcture llke presumably by stress1ng the phenomenal

p character1stgcs of the mental exper1ence However 1f one

Y

;‘1'strong 1nferences can be made regard1ng the representat1on, L

Vgnas these data do not d1rectly address that quest1on At

best, conclu510ns regard1ng cogn1t1ve representatlon are

'5.;totally dependent on the requ1rements of the hypothe51zed

psycholog1cal process wh1ch med1ates the exper1mental

‘ var1ables

The ma jor tLeoret1cal task whlch confronts the

Alpsyoholog1st 1nvolves 1nterpret1ng the structure of the data
| to determine what 1t tells us about the underly1ng cogn1t1ve

,act1v1ty If equat1on 1 is v1ewed as 1nd1cat1ng a procéss

model of the psychologlc\llrelat1onsh1p between the
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A

'»eXperimental variables then the parameters can be.

1nterpreted as reflecttng the functtonlng of- cogntttve
processes That is, Whe prob]em of 1nterpretatton involves

determ1n1ng the relat onsh1p which the parametFrs of the

eequat1on have to hypothe51zed psychologtcal Varlab]es wh1ch
~cause the observed relattonshtp - o L :

In equat1on 1 the. slope and the 1ntercept are the two

parameters wh1ch requ1re 1nterpretat1on L1teral]y, the

‘slope s1mp1y def1nes the - change relattonshtp between the two

exper1menta] vartables RT and A If taken as 1nd1cat1ng a

.

cognttlve process it is centra] to the - theoret1ca] :‘

'explanatton because 1t 1s the functlontng of this process

‘which causesﬁﬁhe observed relattonshtp between RT and A

S1nce the - 1ntercept in the mental rotatton stud1es 1s

pos1t1ve and non- zero, 1t is appropr1ate to assume the

s

. ex1stence and operatton of other psycholog1ca1 processes If
-one ma1nta1ns the ana]ogy to the phy51cal model then the

,1ntercept 1s 1nterpreted as follows whatever else m1ght be ,

happentng psycho]og1cally, ovet and above a menta]

T

rotatton is cons1dered to be unaffected by vartatlons in

't‘the value of A. Taken together then

(A2) There is. one process whtch med1ates ghe effect of
angu4ar dtspar1ty on the time taken to Judge the -
s1m1lar1ty of two patterns | .f .
Stated in th]S way. the slope 1ndtcates whatever s

causally centra] to a theoretlcaJ account of the data 1n

R 'questton One posstb]e 1nterpretatton of the s}ope can be

:referred to as the ‘cont inuous rotatton model, commonly Known



as the 1magery or anaTog 1nterpretatton of mental rotat1on
By subst1tut1ng d1rectTy 1nto equat1on 2 the approprlate

var1ables character1z1ng the psycho]og1ca1 event we have

K{"' . - ’ ” . A/m "_‘- T (3)
-As stated above m corresponds to veToc1ty 1n the phys1cal
model. AnaTogousTy, m corresponds to a 51ngTe psycholog1ca4
variabTe The rate i's presumed to 1mpTy a contlnuous or
analog qua11ty to th1s under]ylng psychoTog1ca1 variable.
A second aTternat1ve m1ght be caTTed the f1n1te

i}

1terat1ve modeT, thCh was descr1bed by Cooper & Shepard

"'.u . ‘l(1973) and\by Metzler & Shepard (1974) They suggested a .-
‘Tprocess wh1ch 1ncrementaTTy transforms the representat1on of
v;one pattern 1nto the other The 1n£/pmed1ary pos1tlons were B
}_presumed to stand in. a one to- one reTat1onsh1‘ w1th the ,:

1ntermed1ary pos1t1ons of an actuaT Hbtatton f a phys1ca]

) Uni\.’ers‘ily of Alberta

' obJect, and in v1ew of th1s, the process was. cons1dered to
i.be funct1on@1]y anaTogous to a phys1caT rotat1on Cooper &
",Shepard (1973 p. 160) are qu1te clear on thts po1nt |
‘TT«T. | :1‘7.' Ve are not c1a1m1ng that ‘the menta] rotat1on ‘was
| t';.analogous to a correspond1ng phys1cal rotat1on to
tfthe extent of belng str1ctTy cont1nuous Qu1te

'poss1bTy the rotat1on was carrted out as a t‘itl"

,’sequence of d1screte steps Such a step would
not 1tself be an analog process s1nce by |

‘hypothes1s, 1ntermed1ate stages of 1ts process

S ~ would not have the requ1red one to-one reTatlon to

- : : ‘,externaT or1entat1ons However the ent1re

»rotat1on composed of severa] such steps woqu
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'r‘wxll be g1ven by A/

"assumpt1on As Cooper & Shepard (1973) 1nd1cate they are

| € A
“ EA U \
-st1ll qual1fy as an analog process 1n the T
jmportant,sense that agaln by hypothes1s, 1t has
f1ntermed1ate states (albe1t only a f1n1te number)

that have the requ1red one- to-one relatlonshlp

The ’l1near1ty of the relat1onsh1p between A and RT 1s thus

-

;1s an 1nd1cat1on of the number of 1teratlons requ1red

This- formulat1on suggests a quant1ty, r wh1ch |
'1nd1cates the duratlon of a s1ngle 1teratlon In add1t1on,.
. .2
there must be some quant1ty,»;, wh1ch 1s the size of the..

angular 1ncrement of one 1terat1on The number of 1terat1ons :

\

mUltlp]eS of. this: quant1ty The relatlonsh1p is g1ven by

(r‘/l)A - S }(4.')4

and RT w1ll thus be g1ven by r

- What 1s be1ng 1nd1cated here 1s the bePﬁef that the
tpsychologlcal unknown des1gnated by the slope of the

var1ables Although the f1n1te 1terat1ve model adm1ts of

't;more than one var1able, th1s 1s 1rrelevant to the causal /

r

: AmaK1ng no cla1ms as to the deta1led structure of th1s

}.can be v1ewed as a. funct1onal system, not unl1Ke the OPERATE

B phase of a TOTE un1t (M1ller Galanter 8 Pr1bram 1960)

" not an 1nd1cat10n of ‘an analog llke cont1nu1ty, but rather_"

V.

| equat1on 1s actually compr1sed of at least two psycholog1cal d‘

»;DPOCGSS and hOW lt produces outputs The set of var1ables g

The emp1r1cal d1fference between the two models,,g1ven "“

"':assumptlon A2 lS as follows The slope prov1des a d1rect

"‘”measure of the single psycholog1cal var1able hypothes1zed by

= | :
\ the cont1nuous rotat1on mode 1. ’Rate i's thus v1ewed as a ‘,-
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.1ntermed1ate po1nts If th1s 1s the case then

parameters are constant Or

rate of functioning:of thls'variable' In contrast there is

| a problem in the lack of correspondence between the number

_of parameters in. the data descrtpt1on and the number of

hypothfftzed psycholog1cal varlables 1n flnlte 1terat1ve

mode1,~Because of ‘this, and in the absence of further‘-

nnfoJmatlon the values of r and i, cannot be extracted from-

an exam1nat1on of the slope value The not1on of a ‘rate’

appltes only to the emp1r1cally determ1ned rate»of-Changeu

of RT as a funct1on of A.

3 .
. [

Another process1ng assumpt1on is based on the v1ew tﬁat o

the l1near1ty of the data funct1on constttutes the main

. ;quant1tat1ve ev1dence for ‘the: hypothe51zed models The //
| presence of a llgggg relatJonsh1p between RT and A 1mpl1es a-f‘
1‘thumber of cla1ms whtch can be made about the underlying o
'cogn1t1ve process1ng As Metzler and Shepard argue ~theuu‘
tl1near1ty 1mpl1es an add1t1ve process gotng from po1nt A tog“

c:po1nt B\necessar1ly 1nvolves 901ng through a subset of the

(A3) The nature of the process engaged 1n task

performance 1s 1nvar1ant acr.ss changes 1n angular f

dtspar1ty

‘:'1'1_Stated 1n another way, what a. erson does when the patterns
;5are at at a 30°.angular dwspartty is. exactly the same as
~,what a person does when the p tterns are at a 140°sangular

B jdlspar1ty Th1s also 1mpl1es that the values of the s iy

1n terms of the two .

psycholog1cal models 1n th cont1nuous rotat1on model the

rate of rotat1on (1s cons'ant, and in the f1n1te 1terat1we
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'model the angu]ar 1ncrement and the t1me to make one

‘angular dlspar1ty.

A non ltnear funct1on has been found in studtes us1ng

P T . . . v N
) ‘I‘. N : ' ’

' L

1teratton are both constant or Jndependent of~abso]ute

R | Ag\Empfrtcal Evaluation

We now examtne 1n greater deta1l some of the emp1r1ca1

"data re%”yant to an~evaluat1on of these. assumpt1ons
}-Unfortunate]y \the research has. tended t@'be somewhat
."‘nonsystematlc 1nt¢erms of exp11c1t1y test1ng aspects of thef

‘; above models and the1r assumpt1ons In v1ew of th1s, what

shall be done 1nstead is to exam1ne the\extent to wh1ch the

~~data wh1ch was used as the bas1s for the orwg1naP

f'v1nterpretatons have been rep]1cated 1n other stud1es

'*'f ssumgtto A3

The ex1stence of afitnear funct1on has been cons1dered

‘fpr1mary ev1dence for the fWo rotat1on mode]s d1scussed here

'?iCdtsttmulus mater1als such as letters (Cooper & Shepard 1973)
h;f aand draw1ngs of left and r1ght hands (Cooper & Shepard
‘;.;,1975) Cooper & Shepard (1973) doncluded that "the ftndtng
=f;of a con51stently nonl1near re]atton between reactlon t1me
1ﬁand or1entat1on of test st1mu1us here does not wetgh aga1nst
'the hypothe31s that subJects typ]cally used mental rotat1on
| -stto determ1ne whether an 1nverted test st1mu1us was normal or.
}5..jbackward" ( 124) Perhaps. but the cr1t1cal\ghrase is nt :
’C"does not we1gh agaxnst The data may not d1sprove the b7f-j‘”‘

' frirotat1on hypothes1s in: e1ther of 1ts forms, but the



~
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nonlinearity:must nonetheless:be~accounted{for,fand'jn a'way

whﬁch'does{not‘vtolate the assumpttons of”the mode] .

example,_the nonltneartty mtght be due to some process other
than a mental rotatlon but thls would v1olate assumptton |
A2 Naturally, Cooper & Shepard see thIS pos51b1l1ty as
unl1kely Thls 1s because there would no- longer be an
unequ1vocal relat1onsh1p between the observed data and the t;

hypothes1zed medtatlng psycholog1cal vartables If it 1s

‘ possxble for a nonl1near funct1on to be due to two or more.vt'

cogn1t1ve processes then by the -same argument the or1g1nal“_

’ llnear data may be due to any combtnatton of vartables

S

changtng ltnearly or otherw1se as a funct1on of angular :

",

d1spar1ty L o
“ Another p0551b1l1ty wh1ch Cooper & Shepard suggest 15\

that the nonltnearvty is due to the untque character1st1cs ‘

of the st1mul1 used in that study (alpha numer1c.fr

"A*characters) There are two d1ff1cult1es w1th thls

:‘suggest1on In the f1rst place,‘lt casts a- shadow over the _

gval1d1ty of assumpt1on A1 to whtch we shall turn shortly

-isf,In the second place data subsequently collected by dust andf!*

‘1V;Carpenter (1976), who used the same stlmulus obJects as

77fi1ncreased monoton1cally w1th 1ncreased angular dtspar1ty ":1,;;=55"'

AY

"?Metzler & Shepard (1974) showed that response latenc1es

2 fHowever,:the 1ncrease was lﬁnear oqjy up to\about 1000

ift ”after wh1ch the response curves were pos1t1vely accelerated s

’mﬁTh1s ﬁ;x be due to lack of practtce‘\?ut 1t must be kept 1n‘-5ft

7»;m1nd that these qualtflcattons s1mply serve to 1ntroduce

fadd1t1onal vartables 1nto the problem

7. R
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F1nally, Cooper & Shepard suggested one m1ght compare

o patterns w1th1n a’ g1ven range of angular d1spar1ty w1thout

‘;fmodel

.recourse to a rotat1on transformatton and that beyond th1s
jrange, a rotatlon 1s requ1red Assum1ng 1nd1v1dual V
7“d1fferences in the value of th1s range, then the

| nonl1near1ty m1ght be an averag1ng artlfact However the

" -

n, o
not1on of averag1ng art1fact as a val1d explanat1on of data .

__can cut both ways It can account not only for unwanted

: nonl1near1ty but also for the l1near1ty wh1ch sdpports the1r =

As an alternate approach to the type of ZZkense f"
fpresented by Cooper & Shepard -1t m1ght be worthwh1le to
‘labandon the 1dea that a l1near funct1on const1tutes evvdence t

' B
u.for the model s ver1d1cal1ty Recons1der equatton 4 1n the

: __l1ght of the last explanat1on for nonl1near1ty constdered by 4

L Cooper & Shepard (1973) menttoned above Spec1f1cally, they

vsuggested that w1th1n some range of angular d1spar1ty a
o rotatwon 'm1ght not be requ1red It has already been |

f1n1te k

‘i'vp01nted out that thlS notlon 1s 1mpl1c1t 1n th”

'ff1terat1ve model and corresponds to 1 an equat1ont4 We shall : f

v_.g:aga1n assume that all var1ables are constant excep; for A

tuithe angular d1spar1ty As long as A < 1'*RT w1ll be
= S '
ﬂ-constant Jyhen i« A < 21 there W1ll be one add1t1onal

’7Vn¢1terat1on and so forth for greater values of A Th1s

['suggests that the RT funct1on pred1cted from the fi 5 t

';'-1terat1ve model should cons1st of A/1 plateau reg1ons

“’(rounded up to the nearest whole number) w1th ‘a plateau

~,w1dth equal to 1
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'“:1ncrement had- been used in’ the pPepa”at‘O” °f the st1mulusl7‘

ff Assumgt1on A2

o

'y Adm1ttedly, thls places the f1n1te 1terat1ve model in

|
the cur1ous posxtton of not be1ng supported by the data for

d wh1ch 1t was developed to 1nterpret ,However there 1s an

12

obv1ous methodolog1cal reason why a step funct1on has not X

manlfested 1tself 1n ex1st1ng research Cons1der the '

:Ekatwon 1ncrements used in some of the rotatlon stud1es

,gf-- 60° 1ncrements totall1ng seven data p01nts over 360°

Y
(Cooper & Shepard 1973 1975 Cooper & Podgorny, 1976)

45°‘1ncrements totall1ng f1ve data po1nts over. 180° (Metzler

& Shepard 1974. study three) So few points have been -

~ selected ﬁﬁat any systematlc perturbattons would prdbably go
A
’undetected Th1s suggest1on 1mpl1es that the step funct1on-

: would have revealed 1tself lf a’ suff1c1ently small angular

g materlals Consequently,‘an adequate test of th1s model

"'-G' requ1res the select1on of a greater number of data po1nts o

and not fewer wh1ch has been the prevalent methodolog1calf'

tendency in the l1terature

N ,

There are however some reasons for supp051ng that

even 1f more po1nts are selected the step functlon would

1s the only one that med1ates the effect of A on RT and
(Al) that angular d1spar1ty 1s the dne’ st1mulus var1able

relevamt to the operat1on of a rotat1on process

Lk

Th1s assumptlon can be evaluated 1n ltght of the eye- L

P |

‘“j st1ll be masked A cons1derat1on of these reasons 1nvolves fff5~

3"f'reassess1ng the assumpt1ons (A2) that the rotatlon processlf

f1xat1on data reported by dust and Carpenter (1976) In an B
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'ffthe emp1r1cal relat1on between RT and A, as ev1denced 1n

—~ .

rattempt to 1dent1fy the processes 1nvolved 1n task

- engaged 1n the mental rotat1on problem to see hew the scan’
‘paths varled w1th the angular d1spar1ty of the presented

‘;_patterns They made the methodolog1cal assumpt1on that the o

sequence of f1xat1ons would more or less correspond to the

‘;order in: wh1ch 1nformat1on 1n the st1mulus is processed
vrThey found that the number and durat1on of flxat1ons<:7
'1ncreases as a funct1on of the angular d1spar1ty of the two r
“'patterns, and that the number of sw1tches between patterns :

""1ncreases as a funct1on of angular d1spar1ty i-]<”f

Just and Carpenter suggested that the data do not argue

aga1nst the not1on of a rotat1on transformatlon as 5uch

n:Carpenger s response latency data dust and Carpenter

Lo

:h:suggested that the entlre process of reach1ng a. deCISlon 1n
. gf-fthe experlmental task be part1t10ned 1nto three components
tsearch transformat1on and compar1son. and conf1rmat1on The
:»Tsecond component lS whatfhas normally been assumed to be

'5fhia7what Undep11es the slope That 1s, 1t const1tutes that

“”*,-fassumptlon (A2) The f1rst and th1rd componpnts are those
”h?psychologlcal act1v1t1es wh1ch correspond to the 1ntercept

v;’rTytand thus should not be affected by angular dlspar1ty

However, the data of dust and Carpenter reveal that

Tfnjjjfeach of these c0mponents are affected by angular d1spar1ty

:ffof the patterns It would seem that the compos1te RT

St T T R T T R e

g

r»performance,athey analyzed the-v1sual scan paths of SUbJeCtS' ‘

“T:There isy however,.an absence of a step funct1on in dust and

A

i.system of psycholog1cal varfables wh1ch leeCtly medlates 'fff775J"ﬁ/

ﬂ é%; e
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'.reported 1s 1n fact a measure of all these processes and not'_f
i 51mp1y--—'0r even pr1mar1]y -- of the 1terat1ve |
;transformatton (i e., the ! mental rotatton ). It 1s
H'poss1b1e then, that the effect of the 1ndependent var1ab]e"
on- these other processes serves to mask the deta1led
; lstructure of the relat1onsh1p between angular drsparlty and
| 't the one process of 1nterest the rotat1on transformation
| “But’ how does one eXp1a1n the data whtch seem to

N

,dgjtnd1cate that the ’transformatton and compare phase of the
h'process is sttll more or ]ess 11near° One 51mp1y has to -
reeogntze ‘a sl1ght 1ncon51stency in the 1nterpretat10n of
R f f::“}dust and Carpenter If the argument is. rea]]y that “the |
4 -[processor operates on one segment of the f1gure at a ttme

;(1976 P 455) then one etther has to assume that a]l the o

A*ﬂpattern segments or”parts are 1dentrf1ed 1n an 1n1t1a1

“University ot Alberta -

}?search~phase wh1ch 15 not in accord W1th the ftxatton data dhﬁ
'ﬂ;or one has to assume that w1th1n the 'transformat1on and |

'ﬁfcompare phase there 1s a certa1n amount of ttme spent ;u.f-'

'Afsearchtng for and 1dent1fy1qg'a new segment Th1s wou]d a;;dei;,

’"1'fsuggest that the search rocess 1s 1tse1f part of the

“57ff'transformat1on and. Cip are process,.and may therefore be
3fmask1ng the step funcipon wh1ch should be otherw1se

1n1te 1terat1ve mode]?lt4

f‘Fg;tpred1cted from the

o G1ven the p0551b111ty of "a number of under1y1ng

’-processes a mod1f1cat1on of equat1on :

'1':fj;?ﬁ‘a3assume mult1gle l?near components, SUCh that

':'suggested One cangftfﬁ?zf”

A ) A+xA+ sZA "f‘ L 5) N 7

“:d~fhwh¢féfx .z are an 1ndef1n1te number of addtttonal e



.‘Uni.versily of _Albcrta :

'A-“_fwhether a 51mp1e Tlnear functlon can be treated a

stﬁAssumpt1on INE

15

pparameters Cont1ny1ng,the Tog1clwh1ch was. app11ed to

‘ T‘equat1on 1 these parameters correspond to process1ng

iﬂ varlables in add1t1on to the rotat1on B such-as search'
l‘}compartson . or conftrmat1on Th1s ra1ses an 1nterest1ng‘
'quegtion' Is there any emplrtcaT Just1f1cat10n in assum1ng
V‘that the measured var1at1on of response Tatency agatnst one;wf

: 1ndependent var1ab1e is prov1d1ng unequ1vocal 1nformat1on N

ey

S

R about a pe01f1c process 1n a cong]omerate of act1v1t1es7

"»1Sure1y, the answer 1s that there 1sn t. Even in: those cases'

-\

B where an attempt 1s made to exper1menta11y d1st1ngu1sh the

'Icontr1but1ons of untque processes to a tota] response

'

ﬁflatency,\1nterpretat1on 1s st111 approached W1th caut1on
.‘(cf Pachella, 1974) Recogn1ze that ‘the. problem is’ not// oo B

| ~whether the notlon of a rotat1on process makes 27 se but”y}f”

ev1dence'm

.T for 1ts ex1stence The above cons1deratxons 1mply that 1t e

;5cannot "ffitt,thﬂ";?ftuc,f‘

There are two cr1t1c1sms wh1ch can be ra1sed aga1nst

Iiﬂirassumptlon (A1) that angu]ar d1spar1ty is the pr1mary

’ff?istlmuTus var1able wh1ch affects var1attons 1n response _

'°2T;Tatency of task performanee The ftrst concerns whether_i;ffts
7T;‘7ithere are. other K1nds of 1nformat1on thCh are qual1tat1vely
Titiikdlfferent from that spec1f1ed 1n the assumpt10n The other '.cj_f~
TTU:i;fconcerns whether the 1nformat1on spec1f1ed in the assumpt1on t;T;fiT;

”%ffts character1zed adequate]y

Effects of st1mu1us structure There 1s some 1nd1rect

R ev1dence whtch lmpltes that angular dtspamt< ls not the 'fff~7f7g‘“

o
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- account for the sTope dlfferences ",:"_';- o

‘5be1ng that the process should not be affected by the o

e . EE -

| only stlmulus var1able wh1ch has an effect on. tasK ‘
Tperformance The data of MetzTer & Shepaﬁd (1974) suggested o
‘an inverse sTope vaTue of 60°/sec However other studles -
have revealed a w1de var1ety of 1nverse sTope vaTues,,e g ,i"ag
—‘1640 to 800° per second (Cooper & Shepard 1973), and 589° R
'per second (Cooper & Podgorny, 1976) These stud1es use

Tf:_d1fferent st1muTus matertals wh1ch at f1rst gTance COU]d

There are a few stud1es,<all 1ncorporat1ng a"rotat1on

;man1puTat1on wh1ch more . d1rectly exam1nes a number of

. d1st1nct ways 1n wh1ch st1mulus structure can affect

et N

Tff;structural ’goodness of the rotated patterns Rather thah
f:_hpa1r1ng patterns w1th the1r m1rror 1mages, he pa1red a test :-f"

'jlpattern wvth subf1gure components of the pattern The

7.

3*_subf1gures, and the1r m)rror 1mages were rotated w1th

"Tfftuf1gure The subf1gures var1ed 1n terms of the1r goodness
| “Tfas gestaTt T1ke components of the test pattern The
Trri,irattonale was that 1f the goodness of the subf1gure

.JVTisdaffected the slope of the RT functlon,,then thTS WOU]d

(

ﬁaconst1tute ev1dence aga1nst a hol1st1c f1gure rotat1on

'f:hfrotat1on rates were 1mpl1ed when the subpattern was good

rresponse Tatenc1es PyTyshyn (1979) exam1ned the hypothes1s f e .‘

-'f,'.that a process Operates on an ent1re f1gure,,the 1mpl1catlon}f'} L

T)fPeSPeCt tO the test fTQUPe, and the subJect was requ1red to ,j”é”ﬁé7v”

“TgJudge whether the presented subf1gure was a part of the testh;737»

ff:model The antlc1pated slope changes were obtaIned faster;ff} P

Hochberg & Gellman (1977) suggested that Un1que or n,f?*; ey
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‘easily recognizable aspects of a pattern‘could,function as

'landmarks which provide a cue to the orientation of the

pattern By vary1ng the relative 1nacoess1btl1ty of these

landmarks, detect1ng the or1entat1on of the pattern would. be
more d1ff1cu1t. As a,consequence, the slopes of the response}
latency‘curves»would be steeper In us1ng the same d1sp1ay
procedure as Shepard & Metzler (1971) they showed that the.

s]opes did vary as pred1cted as a- funct1on of ]andmark cue

/ access1b1l1ty

3

Yuille & Stelger {1979) also addressed the quest1on of
the relat1onsh1p between f1gura1 complexity and react1on

t1me in a mental rotat1on'task They d1d not take issue with

- e1ther the not1on of a mental rotatlon process or the idea

that "at some level of. oomplex1ty th1s rotatlon may be
ho]1st1c (p g). Instead they exam1ned ‘the capaCIty of the;
1magery system w1th nespect to the 'size’ of the f1gure that
- can be - hol1st1cally man1pu1ated They used the Shepard b]ock‘
patterns, but noted that the re]evant m1rror 1mage component_

compr1sed only a part of the total f]gure After show1ng a p_»

set of st1mu1us f1gures to subJeots half the subJects were

: 1nformed that an 1nspect1on of the bd@tom half of the figure

was suff1c1ent to solve the task. The procedure was repeated

and it waS“fohnd that the 1nformdivsub3ects responses

'.1mproved i}ei, the apparent rotat1on rate 1ncreased Thls,

exper1memt can bas1cally be v1ewed as a rep11cat1on of

‘v experiment three in Metz]er~&'Shepard (1974) where they used

‘7-block patterns and found an . 1ncrease in apparent rotation

| rate, which’ suggested "that menta] rotat1on may be faster

Q
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'rotat1on model , the only recourse one could take to

¥

with 'structurally simpler objects" (p. 180).

The experlment of dust and Carpenter (1976), discussed

earlier is also relevant on this po1nt They,found that

subjects’ eye fixations switched back_ and forth between the
tw0'patterns Furthermore, the switching is systemat1c in
that the. 1ndrv1dual sequent1a]ly fixates on correspondtng
parts of the two patterns G1ven the1r methodologtcal
assumpt1on, an 1terat1ve ho]1st1c transformat1on of one

pattern Jnto the or1entat1on of the other pattern is nat

t

suggested by. these data Rather the transformat1on operates

‘succe531vely on Qart of the overall pattern This aga1n

raises a concern over whether a more:detailed account of

'~st1mulus s’ructure is requ1red 1n the present context

%.u-—«' '
The demonstratIOn of these effects raises some doubts

as to the val1d1ty of: assumpt1on A1 In the continuous'

| accomodate effects such as. st1mu1us compleX1ty or

) fam111ar1ty 1s to assume that these var1ab1es affect a non-

\

\rrotat1on process For example they mlght affect preparatory

-.t1me 1n construct1ng the to be rotated 1mage representat1on

However, thts would only man1fest 1tself 1n 1ntercept

"changes The only’ other variable exp11c1tly admltted tombe
_1nvo]ved 1n the process of determining pattern s1m11ar1ty 1ss'
.the S1ngle rotat1on process wh1ch presumab]y underl1es m.

fA"To acknowledge that m is affected 1nvolves ser1ous

compromlses with the assumpt1ons thCh prov1de the framework‘

' of the modet Not only 1s rate not constant (assumptlon ,'

'A3) but 1t also 1s a funct1on of the propert1es of the to-
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be- rotated stimulus object (assumptton At)E»The R
attract1veness of a ljteral 1nterpretat1on of the subjective
reports is dependent ofi the s1mp11c1ty of - the mode | in
equat1on 3. The suggestion that other factors are operating
seQers"the intuitive TinkwbetWeen equattons 2'and 3 and as ‘a
consequence undermtnes the support wh1ch these data prov1de
for a cont1nuous rotatton hypothes1s |

The f1n1te 1terat1ve model is not 1mmed1ate1y in

troubTe pr1mar1Ty because 1t already admits to the

1nterpretat1on of . the slope in equation 1 as an 1ndex of
more. than one psychol&gtcal vartabTb One way in which- these

effects could be accounted for within the conf1nes of the

T1near modeT suggested in equat1on 4 would be to hypothes1ze T
; another variable, B ‘which prov1des an 1ndex of pattern

’compTexity It would seem reasonabTe to assume that each:

1terat1on requires the recreat1on of the pattern

representat1on at a new anguTar 1ncrement The more complex

8.

pattern requ1res more t1me to construct the correspondtng

representat1on, and thus the durat1on of a 1terat1on is ,'

”1ncreased Treated as a numer1caT constant B can be p

. 1ncorporated 1nto equat1on 4 as

CRT = (rB/H0A. AR ff“(s-i>

‘ATternat1veTy, compTex1tM m1ght serve to decrease the size

of the anguTar 1ncrement whtch is computed durtng each :

: 1terat1on In th1s case

L ORTE /iAo (s 2)

‘. ) : o '

_'F1naTTy, the p0551b111ty ex1sts that d1fferent st1mulus--

"qqua11t1es have d1fferent1a1 effects on d1fferent process

+
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~variables, as suggested by equation 5. Given}stimulus-ﬁl"

variables C,...,E, we might have
| RT = (r+B/i)A+xC+. .. +zE. (6.3)

Such cons1derat1ons salvage the 'l1near1ty of the function

while at the same time account1ng for var1atlons acrOSS‘

d]fferent}st1mulus mater1als. However , ‘the cost is heavy.

. Ftrst,'it places considerable theoretical demands on the

conceptualization of stimulus structure.lIn-ltself,,this

mitigates against drawing conCIusions‘about cognitive

‘-representat1on from. the mental rotat1on data SeCOnd the

complex1ty of the equat1on does not perm1t easy 1nferences

about the-nature of ‘the underly1ng processes. It is worth

"repeat1ng that this is not a cr1t1c1sm of the plaus1b1l1ty |

of a rotatlon process it s1mply 1nd1cates the potﬁnt1al

d1ff1culty 1n 1solat1ng its un1que effect on RT, glven the

' methodology as currently employed in the rotat1on paradigm. o

Or1entat1on 1nformat1on The above cr1t1c1sm of

,assumpt1on Al was concerned W1th whether st1mulus propert1es

‘other than angular d1spar1ty had an effect on response ,

latency That there are 1s of. 1nterest in-a broader

theoret1cal context partxcularly w1th respectrto cognitive 3

_\representatlon However the demonstrat1on of these effects
“1s somewhat tangent1al to an evaluatlon of the rotat1on

,vmodels presented earl1er

The second cr1t1c1sm 1s more fundamental Th1s concerns

_f'whether the 1ndependent var1able character1zed as A has
leeen conceptual1zed adequately Th1s po1nt 1s cruc1al to an

sassessment of the adequacy of the. Rotatlon models _Ther_‘



rotation hypothesis.was‘devetoped tovaccount for the
. relationship betWeen RT and A, and the'conceptualtzation of .
A determines.the_nature of the process‘whjch operates on it.
]Specificaliy, A‘was viewed as a ’distanCe’f_consequently,
the-assoc1ated process is one which moves or rotates7'the

-
However , the not1on of angular disparity is dependent

-cogn1t1ve representat1on through this distance.
on a concepfualization of"an axis about which the.disparity‘
is measured Given two patterns, there is techn1cally an ‘
1nf1n1te number of axes about wh1ch one pattern can be
‘rotated in an attempt to br1ng 1t 1nto congruence w1th the
other. Some sort of co- ordtnate,system has‘beenl1mp11c1tly‘
1,AaSSUmedbin therotatton models;-otherwiset the notion‘otfa
rotat1on about'an axis}makes no sense. .' | |
Some of the complexities which are potent1a11y 1nvolved du
1;1n the proceSS1ng of or1entat1on informat ion are 1]1ustrated .
1n Flgure 1. For-s1mpl1c1ty, an "L“ pattern is cons1deredL

: F1gure 1a presents a st1mu1us s1tuat1on as descr1bed by

v:'Metzler.and Shepard, and 11]ustrates two assumpt1ons wh1ch

o \\wepe"imp]icit]y‘made The Metz]er Shepard patterns were .

» or1ented more or less at random prtpr to. rotat1on thev*
daxas of rotat1on in th1s exper1ment never corresponded to a .
natural ax1s of the obJect 1tse1f" (1974 p 153) Here,iit x
’71s assumed that the subJect ’Knows the ax1s around whlch
iythe pattern 1s to be rotated A]though never " d1chssed

expl1c1tly, there seems to be the assumpt1on that the‘

| grav1tatlona1 co ordlnate system IS used Th1s assumpt1on is :f"'

- tnot 1nappropr1ate In th1s reference frame the,up-down-«-’



22
\

directton corresponds'to the.Y-axis,ythe Teft-right‘
: directioncorrespo#ds to the.Xfaxis, and the front-back
direction'correspohds to.the Z-axis. This terminoTon'wiTT_,
be used in subsequent descriptton f st1muTus patterns

o Ahother assumpt1on thCh seems to have been 1mp11c1t1y J
made concerns the reTatlonsh1p between the patterns in

: quest1on and this COrordtnate system. ln_the development of

“tﬁe finite iterative model (see, e.g,,-MetiTenJ& Shepardy.'
1974), a high degree of - independence hasﬂbeen assumed. In
parttcular' there'is the asSumption thatithe pattern'is

‘super1mposed on a.co- ord1nate system The two classes of

‘ 1nformat1on -- f1gure and or1entat1on -- are treated more or

1

less 1ndependent1y by the processtng system The f1gure is
.h"ftxed"1n the co- ordlnate system »and all the 1ntr1ns1c
structural reTat1onsh1ps of the pattern are held 1nvar1ant :
wh11e the system hold1ng the pattern 1s rotated |
‘~Consequent1y, a s1ngTe 180° rotat1on about the upr1ght’
(or, in depth’) is performed | i o

| The second assumpt1on regard1ng structure or1entattoni.s;
"1ndependence, rece1ves Ttttle support from ex1st1ng research
_'wh1ch exam1nes th1s reTatwonshxp There appears to be ‘-
compTex 1nteractlons between the or1entat10n of a pattern
'yand the form or' structure of the pattern (Rock 1973)
: F1gure 1b 1TTustrates one aTternat1ve Here, amb1gu1t1esv

aa"regard1ng the approprlate co ordwnate system to: be used can t'ﬁ

-;.occur when a attern exh1b1ts a' natural"or1entatlon
p |

‘.reTat1ve to an externaT reference frame For example he -

T’top of a bottTe 1s st111 TabeTTed as such even though the ”



Untversity ol Alberta

R |

LIRS e S )
. M ‘i.s*,
%3,)\.
v -

bottle'might be inverted. With unfamiliar patternsy such as
the block figures there is not a natural' ortentatton in

the sense that the co- ord1nate dtmens1ons have speC1f1c

-

- values such as ' top’ or_ffront’. However the structure of |
sthe.patterns implthtly embodies. a_three d1menslona1 cof

jordtnate system

Some research suggests that under these ctrcumstances ’

'Judgements of orientation may re]y in part on th1s ‘naturat’

or1entat1on (e g., Corba1]1s, Zbrodoff & Ro]dan,_1976§-»'

Massaro 1973 Palmer 1980). In th]S casé the axes of

1

‘rotat1on used are those suggested by the. structure of the

pattern If 'rotat1ons are performed 1n thts coord1nate

»'fteld then two‘rotattons are requtred to brtng the two

patterns 1nto congruence ‘One pattern is first rotated 1800-

jabout the"Y'-ax1s and then another 90° about the Z’—ax1s

F1gure 1c 1]]ustrates another a]ternat1ve where the

igf1gures are normal1zed’ w1th respect to the grav1tat1ona]

co- ordtnate system Some research has demonstrated that the

: grav1tattona1 co-ordtnat system exerts a normaJ1zjng'
ltnfluence in. the percept1on of tttted or' obtique f1gures “}_;
'(e g., Attneave & Olson 1967 Corballts & Roldan 1975

'_vCorball1s Nagournay, Shetzer & Stefanatos Each pattern

wou]d f1rst be set 1n a standard’ pos1tton (assum1ng that ”

,”th1s could be spec1f1ed unequ1voca]1y) and then one pattern o
1_;fis rotated’ 1nto congruence w1th the other ln th1s case

;ithree dtsttnct ’rotattons would be necessary

e
'Hme@mnner 1n wh1ch the patterns were constructed in.

the Metzler & Shepard studtes suggest that these alternat1vetf;.
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processes might be functioning. The dlfficUlty‘is compounded.
by the manner‘in which pattern‘pairs were constructed. From
a complete set of patterns rotated at 200 increments around

3600, each member of a pa1r was - chosen more or less at

.random (A few constra1nts were employed by Metzler &

) Shepard) Th1s meant that the 1nternal axes of-the patterns.‘
twere never related in any systematlc way to the reference y,
co- ord1nate frame Whlch m1ght have been used As such, the

~ data may not be representat1ve of s1ngle ax1s rotat1ons In

addltlon, the data make it dlfflCU]t to determ1ne prec1sely ‘

-what 1nformat1on is belng used 1n task performance

Consequently, the. nature of the process1ng 1nvolved 1sz

'amblguous at best

Th1s p0551b1l1ty has ‘some bear1ng on the worth of some

vadd1t1onal support1ng ev1dence for the rotat1on hypothes1s

_ Th15»ev1dence concerns the relat1ve lack of dependence of

react1on tlme upon the k1nd of rotatlon (! depth"versus

p1cture plane’ ) requ1red to brlng the two obJects 1nto

| alllgnment" (Metzler & Shepard 1974, p-163).. It has alreadyb{

been 1nd1cated that. a consequence of the1r method of

lf,ffst1mulus constructlon leaves open the poss1b1l1ty that
efne1ther the depth'it;kl Y aX1s) or p1cture plane i(i@e.,
"Z ax1s) constltutes a slnglr ax1s rotat1on from the p01nt'ofjtf.
:v1ew of the subJect There 1s another source of task y v
B var1ab1l1ty 1nvolv1ng Y ax1s (1 e,:’depth’) and Z ast ﬁfza*
;afi.e;j p1cture plane ). rotat1ons Rotatlon about either of»
":: these axes W1ll 1nvolve a. change in the X ax1$ d1rect10n of tfh@

"the target pattern The X ax1s const1tutes the r1ght left
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dimension andithere-is evidence‘that‘manipulation of this
*d1mensvon is more dtfflcult for humans than man1pulat1on of
either oF the other d1men51ons (e g., Corball1s & Beale
1976; Loftus, 1978; Maki, Maki, & Marsh, 1977) CThe

'
s1mllar1ty of response latency between depth’ and p1cture,

,,fplane is thus not necessar1ly ev1dence for a rotat1on

'process dependent solely on absolute angular d1spar1ty o
between the two patterns 1t may: - 51mply be due to the1r

"_be1ng equaTVy amblguous regard1ng the relatton of the

'portrayed patterns to the or1entat1on 1nformat1on necessary :

» for the task: Judgement. |
| These cons1deratlons have d1rect relevance for the

finite 1terat1ve model ln that;prev1ousvresearch has

's’rarelyut1l1zed s1ngle ax1s rotations'ln three'dimensionali’

}’space The step function pred1cted by the f1n1te 1terat1ve |

~4‘model m1ght be h1dden by v1rtue of the poss1b1l1ty that the_ o
o stimulus mater1als actually requ1red mult1ple rotat1ons

iAnother equally plaus1ble cons1derat1on 1s suggested by thefﬂ'

,data of dust and Carpenter (1976) who showed that v1sual

search 1ncreased as a’ funct1on of angular d1spar1ty They

"fused the st1mulus patrs generated by Metzler and Shepard ltf

s p0551ble that the 1nherent amb1gu1ty of these patterns

’ffyregardtng ax1s of rotatlon and the or1entat1on of the

vhf:ypattern relat1ve to as grav1tat1onal co ord1nate system

gklnds of 1nformat1on

. r?; The follow1ng exper1ment exam1nes these p0551b1l1t1es

'vlfx;requtred greater search to establ1sh or deftne both of these e

”ﬁ.jTSttmul1 were constructed such that thetr ax1s of rotat1on ;5 |



-and ortentat1on re]at1ve to a grav1tat1onal co- ord1nate

’system were unamb1guous In add1t1on rotatlon 1ncrements of

10° were: used Under these cond1t1ons the Cont1nuous

i

':rotat1on mode | should still pred1ct a l1near funct1on ‘Lf

’the man1pulatxons are successful in reduc1ng v1sual search

_mult1p1e rotat1ons \and other confus1ons ar151ng from

‘7mu1t1p1e co- ordxnate system compar1sons then a step

”.funct1on should be ev1denced accord1ng to the expectat1ons _ﬁt

of . the f1n1te 1terat1ve model Furthermore two axes of

}rotatlon were chosen such that one would exh1b1t left rlght ’
"reversals (the Y ax1s) and the. other would not (the X ax1s)

-D1fferences 1n response laten01es between these axes would

'abe cons1stent w1th the suggest1on that absolute angular

d1spar1ty is not a suff1c1ent charactertzatton of the .

~%1nformat1on requ1rements of the task



27

%" EXPERIMENT 1’
.
Me thod

B Subject The data from twenty four 1nd1v1duals
.‘selected from the 1ntroductory psychology course subJect
'pool were used for analys1s One part1c1pant was d1sm1ssed :
from the exper1ment because of an apparent fa1lure to
»perceptually d1st1ngu1sh between a pattern and 1ts m1rror
ylmage In add1t1on the data of four SUbJeCtS were not used
because they seemed unw1lllng to trust their. otherw1se rap1d'
:5Judgements w1th respect to the pattern pairs at a small
angular dlsparlty As one subJect verballzed the matter, “it
tlvseemed too easy, 1 thought there m1ght be a tr1ck 1nvolved"
:-F1nally, f1ve subJects employed task strategles Wthh were
H“very tvme consumlng,;and could not complete the full

‘-fprocedure w1th1n the allotted t1me

y Materlals and Destqn Four patterns, s1m1lar to those .h?s‘

V~_used by Metzler & Shepard were def1ned Each comta1ned ten

;fblocks and three r1ght angle Jo1nts The patterns were g‘
- def1ned such that the arms of the patterns were always |
:b:parallel to an ax1s of the co ord1nate system w1th1n Wthh
'{l they were constructed Th1s was conswdered to be the

o standard’ or1entat1on of the pattern Two patterns were
:;;}rotated about the Y ax1s at 10° 1ncrements, th1s o "
.spcorresponded to Metzler & Shepard' depth'icond1tlon The t?'

T‘aother two patterns were rotated about the X ax1s at 100

‘;1ncrements thlS rotat1on preserved the 1ntr1ns1c left r1ghtﬁf'ba

lﬂf;structure of the patterns There 1s no correspond1ng set of



';patterns among the set used by'&etzler & Shepard Spec1a1
'care was taken to ensure that the axis of rotatton -
'corresponded to the approprtate natural ax1s of the pattern‘
to prevent multlple axis. rotat1ons ) | l

i For each pattern a mtrror image was deflned such that o
the m1rror was parallel to the p]ane -of the ax1s around

whlch the pattern would be rotated This was done_to ensure

o that the m1rror-1mage patterns for thefX:axis‘rotations

- would preserve ‘the . left right structure of the pattern Each;

"_of the fodr\patterns tn standard’ pos1t1on,,and_the1r

2 ”m1rror 1mages are 111ustrated 1n F1gure 2.

Trac1ngs of each of the 152 computer generated patterns y“
cwere made The construct1on of pattern pa1rs 1ncorporated
:74the wh1te c1rcle on black background format of Metzler and

VShepard, The standard’ or1entat1on of a g1ven pattern was

e: left c1rcle Pattern pa1rs were made by
he r1ght c1rc1e the correspond1ng pattern -

-from 00 to 1800- for both same and mtqyor 1mage’.f

5b1ac jd_wh1te film (Kodak Panatom1c X) and mounted on 35-
S mmes v';;The s]1des were randomly ordered 1n two blocks ofﬁ

balanced for same dlfferent axls of rotat1on

jf;hgand aﬁgular d1spar1ty Each S was exposed to each sllde in a,“:f

}"*~2(ax1s of rotatton) X 19(3"9U‘ar d1spar1ty) repeated

Fo measures des1gn

Procedure SubJects were 1ntroduced to—the task

h Trequ1rements 1n as s1mp1e a fash1on as poss1b1e They were e

Each pa1r was photographed us1ng d1rect pOSTt]VG,,:f .

1;5jtold that they were to be shown a number of sl1des on wh1ch;ii;i'
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make the appropr1ate Judgement as - to the1r s1m1Tar1t§ 'Any

‘errors made were p01nted out to the subJect, and tha

<f

".they woqu ‘see two patterns, and that they woqu be requ1redv'
. to dec1de whether the two patterns were the same as or’
| »d1fferent from each other. They were then shown a pattern .

,patr told that the patterns were . the same R and asked to

-

7_exam1ne the patterns unt1T they understood how the patterns -

were the same. Then they were shown a dtfferent”patr,»and

":agatn asked to examtne ‘the patterns unt1l the nature of the.

_‘dlfference was appre01ated The subJects were encouraged to ,U

ask questtons of cTar1f1catton otherwvse,_the exper1menter

fd1d not vo]unteer\any 1nformatton regardtng how the task was

to be performed .

B Subsequent to th1s, the SubJeCt was shown etght more

»sl1des (four same and four dtfferent ) and was asked to T

sT'i'd'e."' B

- was shown for reexam1nat1on

After the ten practtce trtaTs the subJect was exposed

_;to the fTPSt bTock of 76 stlmuTus patrs An acousttc s]gnal
':.approx1mate1y one second pPTOP to. the start of a trtal |
“prepaned the subJect for the st1mulus presentatton The

f=_exper1menter pressed a sw1tch thCh s1mu1taneous]y opened a -
e shutter and started a ttmer caltbrated to one hundnedths of
nda secoﬂd The S pressed one of two buttons,_marked same »
?fand dtfferentf, correspondlng to h1s dec151on of 51m11ar1ty;7h
“beetween thefgwo patterns The depress1ng of the button N
Fﬁ?stmultaneously cTosed the shutter ‘stopped the t1mer,:and
'Fnit1llum1nated a l1ght correspond1ng to the S’s chotce‘on a

'g;fpanel The exper1menter recorded the chowce and the response:ffF
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latency ' _

After the subJect had responded to the first block of
“'76 stimulus pa1rs, ‘he was exposed to all thosé(sltdes to
which he had 1n1t1ally responded 1ncorrectly Although for
‘the purposes of th1s exper1ment the response latenc1es for
| the ’d1fferent’ pa1rs were of no 1nterest 'd1fferent'-"
response errors were also repeated Th1s was done to 1nsure
that the S would not s1mply respond same by default
| * Upon completlon of thls portton of the procedure the S
‘twas allowed to rest for about f1Ve mlnutes The second block

jof 76 st1mul1 were then presented to the S'in exactly the,,t
B same. fashlon descr1bed above At the conclus1on of the Tﬂyyayffc
experlmental procedure the S was questloned generally about

%-strategles used 1n perform1ng the task

b Results and DlSCUSSth {* ", o f h C v-~.”_:. . :,,A

The results of the expertment are 1llustrated 1n Flgure

*h_3. The plotted po1nts were computed by averaglng w1th1n each

‘ ';S over the four flgures, and then averag1ng over the 24 Ss

“:ffffmantpulat1ons 1nvolv1ng ortentatlon and rotat1on of the

Jflﬂlf absolute angular d1spar1ty between two patterns was the
‘cr1t1cal characterlsttc upon wh1ch the psycholog1cal process
?{operates,'varlatlons in other st1mulus attr1butes should not

'7'have had an. effect on response latency As can be seen,-théff?;j

;?#patterns had a novel effect on the relatlonshtp between }ﬁfﬁﬁﬁfﬁ

ﬁ5ifresponse latency and angular dlspartty However, thlS effect v f

| "if{fdoes not correspond to the eXpectatlons of elther of the

"ff:rotatlon models con51dered in. the 1ntroduct10n

‘ktfffThe cont1nuous rotatton model should sttll have :f fler'L

R
B ).



| dependent on the way in which'the data are described.

Qpredictedta‘linear function, assuming that absolute angular

~disparity was in fact the only relevant stimulus variable

,‘1

‘ The relationship between angular disparity and response f]

latency in fig 3 is clearly nonlinear In fact “an

‘orthogonal polynomial breakdown of this effect: revealed
significant nonlinear components up to and including the -

fifth order polynomial (all p < 01). Appendix A prov1des

the ANOVA summary table for this analy31s One can '
appreCiate the difficulty in interpreting a higher order"
polynomial if one views the equation in the same manner as

was described in the 1ntroduction, e.g., as With equation

'6.3. Recall that in equation 1 there was an easy

correspondence between the c nfflClentS of the equation and

the hypotheSized components of the psychological model In
the presenb experimental 51tuation there is only one

independent variable in. terms. of which a larger number of

. coeffic1ents are. to be interpreted

_ Of-course, an explanation of a findingis very much

 Additional analyses suggested a more informatiye description'

than the higher order polynomial mentioned above., An

f_analySis of the differences among the mean.rgsponse

latenCies reveals two interesting characteristics First,
for all d]acen values of angular disparity only the
response latenCies at the 80° and 900 1ncrements differl,'

significantly (p'< .01, Duncan’s multiple range test)

V Second, the response latenCies from 90° to 1800 inclusive do_:

not ditfer significantly from each other. These findings

e



32

suggest a description of the data illustrated En F1gure 4.
Response latency 1ncreases ‘up to 80° There is a small
| dlSCOﬂtlHUIty at this po1nt, after wh1Ch thefresponse ‘
latenbyrremains.constant with fUrther increases in angular
disparity._ '” ;
" This description does not conform to . what can easlly be
- described as a step-tunction relationship betWeen angular
‘d1spar1ty and response latency, ‘as would be predtcted by . the
finite 1terat1ve model. It is poss1ble, for example that

- .
'f-the flat’ region between 90° and 180° constltutes one such

tstep. However;'there remains the problem of accouting for
“whygthere-is not a'step between 0° and g0o°. Alternatively,
one might want to continue tofargue.'as was done in the
-introduction that this relationship ts ' hidden’ by other:.
confound1ng var1ables, or that an 1nsuff1c1ent number of
gp01nts“were sampled However -true- th1s m1ght be, it is
nonetheless the . case that a ‘'flat’ reglon has already been .
determ1ned | | | | | |
The ma1n f1nd1ng of a nonl1near relat1onsh1p between

response latency and- angular d1spar1ty in the presence of. a
standard’ pattern sérves to m1tlgate aga1nst assumpt1on A1

B of the rotat1on mode1s- cons1dered earl1er In addition, 'the

rresults of Exper1ment 1 1nd1cate tha% it is easwer to

: 'respond to X-axis than to Y-axis rotat1ons, F(l ,23) = 18.99,

p‘<.0.001 This prov1des further ev1dence that or1entat1on
inFormation and not stmply angular d1spar1ty, is belng
used. This finding is cons1stent w1th previous research

l

‘which 1ndtcates that humans have some d1ff1culty worKing

RPN

AR A S v A,
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wtthtleft-right reversals. It 1s also consistent with the
_ctaim that absence of axis of‘rotation difterences in

. previous research was due to‘a failure to-properly iso]ate:
sing]e axis rotations' An interpretation of these findings
are compl1cated by the presence of an Axis X Dtspar1ty .
”1nteract1on F(18 414) = 3.30, p < .001. Append1x A, table
2, prov1des the cell means and standard dev1at1ons for this
interfaction. In addition, the data suggested that Ss
responses might also be 1nteract1ng with. both ax1s of
rotatlon and angular\d1spar1ty An 1nspect1on of the raw

data d1d not reveal an obv1ous pattern to these d1fferences |

In view of this, a cluster analysms was performed to
edeterm1nebif there were groupings in the data which did not
~correspond to the'variable partitiontng in the experimentat
des1gn The responses of each S to each 1nd1v1dual pattern
was treated as a separate case. Each angular dlSpartty from
O°‘to 180o was;treated as a separate within case var1ab1e
;Th1s resulted in 96 cases (24 Ss by 4 patterns) wh1ch were
“subjected to a h1erarch1c fus1on c]uster1ng procedure
_‘prov1ded by W1shart (1978), ut1l1z1ng a minimum- vartance
's1m1lar1ty crjter1on The procedure beg1ns w1th each case 7
deftned»as a separate cJuster, and on each fu51on cycle the‘
Atwo c]usters whose fusion yie1ds the leastjlncrease in the
error sum of squares are comb1ned e : |

' The dendrogram produced by th]S procedure is .'p
'1llustrated in F1gure 5. For presant purposes, a two ciuSter,
1nterpretat10n will be con51dered for further d1scu531on l

.The mean ﬁesponse,latenc1es at each;angular d1spar1ty,
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averaged acrosg the cases'ingeach cluster}are presented in‘
>Flg 6. | |
| Examination of the d1fferences'among means w1th1n each
cluster revealed a pattern s1m1lar.to,that described
preyiously. In the'slow‘reSponse cluster,’the only
stgnificantly*different ad jacent response latencieslare o
those at the 80° and 90° increments (p < .01). Again all |
response latenc1es between -90° and 1800 1nclu51ve do not
ld1ffer s1gn1f1cantly In the fast response cluster. the
., s1gn1f1cantly dtfferent adJacent means are those at 700 and
: 800 (p < .01), and all means between 80° and 180° do not
:d1ffer s1gn1f1cantly Fxgure 7 1llustrates this descr1pt1on.
An examination of the cases captured w1th1n each
cluster reveals an 1nterest1ng trend ‘The ' fast’ cluster
. 1ncluded 43 cases. Of these 28 cases. compr1sed the'
'responses to all patterns by seven 1nd1v1duals Ofvthe
reman1ng f1fteen cases, twelve of them were to patterns
”wh1ch had been rotated around the X- ax1s Of these, ten
cases comprlsed the responses of f1ve Ss to: boih X axis
dpatterns The ' slow cluster captured the rema1n1ng 53
cases, wh1ch 1ncluded the total responses of ten 1nd1v1duals'j
(40 cases) Df the rema1n1ng th1rteen cases. “eleven of " them :
compr1sed responses to patterns whlch had been rotated

\

around the Y-axis. E1ght of these were the Y- ax1s responses
sof four 1nd1v1duals _ ., |

It is mtslead1ng to conclude that the two clusters f‘
.1llustrated 1n F1g 7. represent two types of responders The‘

‘cluster contents actually suggest three types of responders .
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There are two types who respond in a characterast1cally s )ow
or rapid fashion 1ndependent of axis of rotat1on In
_ addlt1on .there is a th1rd type wh1ch seems to be more
: strongty affected by ax1s of rotation. They respond more..
qu{ckly to X-axis than to Y-ax1s rotatlons Fina]ly,.ft
':should be Kept in m1nd that responses of about one third of
the or1g1na] sample were not included in the ana]y51s Thesef
1nd1v1dua]s m1ght be presumed to exh1b1t a un1que response
‘pattern of the1r own. |

The f1nd1ng of 1arge be tween- subJect d1fferences shou]dv
‘not be surpr1s1ng The extent to wh1ch these d1fferenc§s are
due to performance strategy preferences and to d1ffer1ng
abilities in perce1v1ng and structurlng spat1al
- re]at1onsh1ps is not clear . However, the bias would seem to‘
be towards; the latter (Vandenberg, 1969):_a conclu51on wh1ch ‘
1s supportéb by the between subJect respon e d1fferences to

axis of rotation.

In sum the data support the suggest1on that task
performance depends much more on the percept1on and
‘ process1ng of orlentat1on 1nformat1on than has been supposedp:
by the rotat1on hypothe51s The suggested effect of usxng
a pattern 1n a \standard’ or1entat1on was that 1t would make 5
.not only the ax1s of- rotat1on but also the relat1on of the |
'pattern to the relevant co ord1nate fname sa]1ent to the
.i:perce1ver The 1nformat1on be1ng more access1b]e would
‘:have the effect of reduc1ng that aspect of response latency N
due to such factors as search and relat1ng grav1tat1onal andp

~ pattern induced co- ord1nate reference frames
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relat1onsh1p between RT. and A should emerge

36
If this“is in fact the case, then eliminating a
standard’ from the pattern pairs should serve to force

additional stimulus process1ng To test\th1s 1dea,'a new set\
of stimuli were prepared Both members of a pa1r were chosen
so as to minimize the extent to wh1ch the pattern arms were
"a111gned w1th a grav1tat1onal co- ordlnate frame. The one~
exception, of course, 1s the arm (or arms) parallel to the

axis of rotatiOn If subjects’ mUst in fact devote some

process1ng t1me to def1n1ng orientation, then'a linear.

N
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oo EXPERIMENT 2

K
S
.

R {.‘j-& ' » .

“csubject .- The data of twelve Dﬁé1v1duals selected from
" the 1ntroductory psychology course/subJect pool were

. retained for ana]y51s. Seven Ss dlﬁ'not complete the
.expertmental session forreasonss?ﬁélar'to thOse given in
 the first exper1ment | h . | | |

Mater1als and design. Two”sets.ot‘stimu]i were

‘prepared. For expdsitory cOnvenience, the first set shall be

’ called-the control set These compr1sed the sttmulus sl1des :
~ which had been prepared for the f1rst study However, the |
st1mu1us palrs at‘20°.1ncrements only were selected1 |
resulting in a total oF ten' same ‘pairs per pattern The
”correspond1ng dxfferent' pa1rs were 1nc1uded mak1ng a-
“ftotal of eighty pattern pa1rs in the control set.

| For - the second set of st1mu11, cal]ed the Metzler-.
'Shepard set, new st1mu1us sl1des had -to be prepared Ther
’npattern trac1ngs used in the f1rst exper1ment were aga1n

used The d1fference was that the standard"orlentatlon was jA

o no. 1onger 1n the left c1rc1e of the st1mulus mask Instead

.patterns were selected for each member of a pa1r to max1mizeg
‘l;ban obl1que or1entat1on of the arms As the orlglnal set of

” ‘patterns 1nc1uded 1ncrements W1th1n a range of 1800 ’*h—I

‘”'3“icontrast to the Metzler Shepard stwmult whlch 1nc1uded

}1ncrements through a fu]] 36001 three add1t1onal 1ncrementsjhp_ff7“*

'h _fwere generated for each pattern between 180o and 2700 from

,the 0o or1entat1on of the pattern Th1s al]owed for the
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construct1on of pattern patrs -- prtmar1ly at greater

‘ angular d1spar1t1es -- wh1ch 1ncluded the ‘oblique arm

cr1ter10n A m1rror 1mage pattern was constructed at each
angular d1spar1ty for each pattern maktng a total of e1ghty

pattern pairs in the Metzler Shepard set. An example ofa

| o control pair and a’ Metzler Shepard patr are shown in Figure.

8. .
A . k , :
The patterns were'randomly»arranged into two blocks of
80 sl1des, balanced for an equal number of exposures to each»
angular 1ncrement Each S was exposed to all pattern pairs
“ina 2 (st1mulus set) X 10 (angular dtspar1ty) repeated
measures de51gn | | 5 e o ‘

- Procedure The procedure used 1n Expertment 1 was‘"'xl
followed exactly Df spec1al note is the fact that Ss were.
not told that they were about to view: (accord1ng to the »"
exper1menter s crtterton) two sets of patterns They were
simply told that they were about to v1ew a number of pattern

: pa1rs and were to make the requ1red s1m1lar1ty Judgement

Results and D1scu551on

In general ’response latenctes exh1b1ted a h1gher'

-;itntra 1nd1v1dual vartabtllty SubJects were. more 1ncl1ned to7

state that the task was d1ff1cult, and th1s was reflected 1nl'wv7\ o

‘at least one response be1ng not1cably longer than the‘yt

o

: others Because of th1s the medlan response latenc1es for

f, each subJect at each angular dtspar1ty were computed An :ﬁ

.analy51s of var1anCe was performed on these data Append1x Bf_“’

prov1des the ANOVA summary table and the cell means and

'rh_ standard dev1at10ns of th1s analy51s Of prtmary 1nterest

¢
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here was the s1gn1f10ant St1muTus Set X Angutarthspah+fy

interaction, F(9,99) = 7.68, p < .001. These data are

Cillustrated in Figure 9. It can be seen that the results of

the F1rst exper1ment were repl1cated/ In add1t1on the
Metz]er Shepard sttmulus set y1ered a response Tatency
curve which corresponds cToseTy to the trad1t1ona1
1ncreas1ng 11near funct1a§ | |

These f1nd1ngs show that the presence of a’ standard"

-pattern reduces the response 1atenc1es of the Judgements of
'.s1m1lar1ty The most dramat1c dlfference between the two |

| response curves is at angu]ar d1spar1t1es greater than 90°

This suggests that whatever 1nformat1on is made access1b]e

to the percetver by the‘ standard’ battern, 1t is used3'

) pr1mar11y at the greater angular d1spar1t1es

“An 1nterest1ng correspondence can be noted between

”these data and the data of dust and Carpenter (1976) Recal] _:

ot

’that the1r response Tatenc1es were linear up . to about 100° -

J—s

after wh1ch the curves accelerated pos1t1ve1y As they used U.“,

the or1gtna] st1mulus mater1a]s of Metzler & Shepard there_

was not on]y an absence of a standard"but the patterns

fwere a]so not a]l]gned W1th the rotattng co- ordtnate system;.'

'fIt may be that th1s Tatter factor creates add1t1onal task

d1ff1culty (as descrlbed LB the 1ntroduct1on) wh1ch is

"."reflected 1n the pos1t1vely acceTerated curve Both sets Of"““

v.:itdata can thus be v1ewed as be1ng cons1stent w1th the notwon_',fh<*»

‘prov1des

"Tz__that d1spar1t1es greater than 90° requ1re exp11c1t use of

v

:gthe sort of 1nformat1on wh1ch the presence of ae;standard’

R '\;
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It is 1mportant to note that the effect of the
standard’ cannot be s1mp1y ascr1bed to effects such as
fam1l1ar1ty or learn1ng, e.g., that the presence of a

standard"a]lows the subJect to more eas11y defwne the

ire]at1onsh1p between the pattern and a co- ord1nate reference
frame. As a w1th1n subJects des1gn was used this
1explanat1on would st111 have to account for why th1s' '

'1nformatlon could only be used 1n the presence of a

standard' Th1s suggests strongly that it is the

'character1st1cs of the sttmulus d1sp1ay 1tself whlch is

' jtahgely determ1n1ng the behav1or

The poss1b111ty, then, 1s that certatn character1st1cs

"_of the stlmulus array predlspose the perce1ver “to process it
" in certa1n ways. The fact that the presence of a standard’

o did not appre01ab]y alter the shape of the response 1atency

urve be]ow 900 suggests that a strategy such as was

'1llustrated in F1g 1b may be operat1ve That 1s. the co-‘
g‘(ord1nate system as. 1mp11ed by the or1entat1on of the pattern
7"1s used 1n task performance At d1spar1t1es greater than 90°h5

;exp11c1t réference must be ‘made to an 1ndependently def1ned

r

'co ord1nate reference frame, spec1f1ca1]y, the grav1tat1onal_,"j
'ff;co ord1nate frame A strategy such as was tl]ustrated in ”
'y‘7F1g 1c may be in. effect where the patterns are |
L norma11zed’i That 1s, the relat1onsh1p between a pattern.tf-h""

”liand the grav1tat1ona1 co ordlnate system must be spec1f1ed

iij th1s relatlonsh1p 1s already prov1ded by the presence of“ff;'fi'

standard" then ]ess process1ng of the st1mul1;”'
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Th1s accoUnt w11] be expanded shortly; for now, thef
a bonclus1ons to be drawn from this study will be stated in a
general form The results repl1cate those of experlment one |
| and support the c]alm that task performance depends in
\JTmportant ways on gravrtat1ona1]yvdef1ned or1entat1ony'-
tnformation The results also SUpport the suggestion that.
'prev1ously foung,l1near relat1onsh1ps are a consequence of
'.proce551ng requ1rements 1nduced by the absence of exp]1c1t
pattern- or1entat1on 1nfprmat1on Contrary to the assumpt1ons‘
. _which underly the rotat1on models def1ned 1n the
.1ntroduct1on more than one type of 1nformat1on is used in
'task performance Furthermore d1fferent k1nds of

1nformat1on in the st1mulus dtsplay seem to 1nduce d1fferent

C e
C process1ng strateg1es
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' GENERAL DISCUSSION

Lirst questton which this study addressed was

'7Lg data ‘can reasonably be supposed to SUDPOrt

ﬁree assumptlons Wthh underly the

assumpt1on Al has not been supported' lhe

f response latency dlfferences between d1fferent
, otat1on and. the benef1c1al effect of a standard’
e that absolute angular drspar1ty is an 1nsuff1c1ent
;r1zat1on of the lnformatlon uttllzed in task

» LOIF the evtdence of the flat' reg1on between
'900 ang” 80° is to be taken l1terally, then angular |
$;d1spar1ty has no effect whatsoever at those dlspar1t1es

-fSecond h'the untque funct1onal status of angularv

’:'disparit ‘oubt, assumpt1on A2 1s by 1mpl1cat1on of

7=quest10r ble val1d1ty It is conce1vable that a rotattonf-

J\‘_med1ates the efﬂéﬁt of angular dtsparlty on response

: [latency However 1f angular dlsparlty 1s of m1n1mal

Bt funct1onal s1gn1f1cance,_then so- 1s the not1on of a -

| rotatton as an account of task performance Th1rd
-*Thassumptlon A3 regardtng the l1near relat1onsh1p between
»1response latency and angular dlspartty 1s clearly |

[fldtsconf1rmed

In short the quantttat1ve ba51$ for the rotatton ggff .
V'u'\models has not been conf1rmed by the two exper1ments 7

‘““~¢"dreported here What has to be stressed 1s that the l1ne Of

;?ypothe51s. The nature of this support is ST



' reason1ng wh1ch l1nked a set -of data to a spec1f1c
hypothes1s is broken Th1s does not in 1tse]f 1nva]1date the

rotat1on hypothes1s However the prudent conclus1on to be .

/

| drawn is that ex1st1ng data coTTected w1th1n the rotat1on

:.‘\.
W

éarad1gm ca' ot be v1ewed as support1ng the not1on of an.

v rotat1on process Furthermore the support which th1s
- research prov1des for broader cIa1ms about cogn1t1ve '
J
: representat1on and processes ?s equally doubtfuT

‘ Re1nterpret1nq SubJect1ve Ex perlence

We are now 1n a p051t1on to exam1ne the other quest1on Q
wh1ch concerns th1s d1ssertat1on ‘1s there any reason for.
assum1ng,.a pr10r1 ‘ rotat1on process as a worktng f.f' T : ;é
hypothes1s° It has already been shown that the quant1tat1ve o
bas1s of a rotat1on process 1s not secure The qua]1tat1ve N
data,; : the 1ntrospect1ve reports of task performance by

2
‘,subJects 1n the present exper1ments. aTso do not strong]y | ’gfv;flb §
_ S

NG pred1spose one to assume the ex1stence of a rotat1on

& ora
‘ process G mfﬂ '_,. va§7s ,"‘if B f'<,fg" ; SRIRE o
J Among those subJects whose data were reta1ned for. L ~‘v~_~.*.¢;

ana]ys1s, the phrase rotatlng one pattern 1nto the other o

was onTy occa51onaTTy used as ‘an 1n1t1a1 descr1pt1on of
R 1 \\ B
, the1r act1v1ty The Tocut1on‘“try1ng to fxt one pattern on 3bn

top of the other was much more common When asked how th1s b
1

f1t was - accomp1shed responses such as "f1tt1ng one part to
I : O

the other and "turn1ng one of the patterns around" were ,:g~'}“
f; used w1th equal frequency,pand not uncommonly by the same
subJect The po1nt here 1s not s1mp1y a matter of a Tack of tif?tf.V?d%

."~1 consensus among 1nd1v1duals regard1ng theJr verbaT
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't descrlptlons of a mental event What is 1nterest1ng is the
.contrast between th1s Tack of consensus regard1ng task

.performance and the relatlvely h1gh degree of agreement that“ )

a.sense of phenomenal movement accompanwed task performance

It was suggested in the lntroductlon that the . reported

4 movement’ was used as a br1dge to a phy51ca1 anaTogy, from L

twhlch the psychologlcal models were derlved d1rectiy If the |
vpsycholog1ca]1y felt ’movement’.1s the phenomenon wh1ch

| requ1res explanat1on, then rather than draw1ng ana]og1es to
'ftphys1cal events, a more product1ve strategy m1ght be to

.vcon51der para]lels to other 1nstances of phenomenaT

‘movement,_such as stroboscop1c or apparent perceptua]

B =;mot1on The phenomenon seems to be qu1te common across a -g

~ number of sensory modal1t1es V1sually, there are such

f_mundane phenomena as the apparent mot1on of marquee T1ghts vff

"or mot10n p1ctures Acoust1cally, there 1s the stereophonlc”

| effect of motlon o | B | o
The pervas1veness of the sub3ect1ve movement exper1ence dff

1n a var1ety of contexts and sensory modalltles suggests

'ff;that 1ts 51gn1f1cance does not 11e 1n an 1mp11ed rotat10n

'v.szor some other movement’ of a representat1on Kolers (1972)

; ::fwas of the op1n1on that bhe exper1ence§reflected 1n part

‘”Tfthe hlghly synthet1c process1ng qual1ty oﬁﬁthe perceptual

*.fffsystem The system 1s presented w1th two succegflve st1mulus ff7f7ﬁp

0 .

T ﬁpatterns and fuses them 1n an attempt to resolve v”?lif-iiyg*ﬁJEf»”'

"**]~d1screpanc1es The process of fu51on 1s experlenced as {;,-=

V'ngmot1on (or a number of other plastlc deformat1ons)

The not1on°of a fus1on can perhaps be more ea51ly
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appr%ciated'by considering the effect of a simple
stereoscope. Here, the disparities between two unique .
st1mul1 are resolved 1nto a 51ngle perceptual event. The
resolution of the d1spar1ty is experienced as stereoscopic
'depth’~ Analogously. w1th stroboscoplc phenomena the
resolution oF d1sparateest1mul1 is experlenced as
' movement/. The analogy.to the present paradigm is that the
individual is again presented With two patterns. A “

- representation of one pattern (or a part of it) is compared
to the representation of the other. Th1s process of
comparison is also exper1enced as ‘movement , Th1s account is
in accord with the .eye fixation data of dust & Carpenter
The successive scanning in some sense corresponds to the

J succeSS1ve sttmulus presentattons in the typ1ca1 apparent
movement paradigm. However, no increments are created,-or

| - to put it another way, the 1ncrements' are as large as the .
angular dlspar1ty present 1n the pattern |

The appea] of this 1nterpretat1on is that it

g 1nterre1ates a wider range of psychological phenomena than
does the notion of a rotat1on It 1s a]so con51stent w1th'
subjects’ ability to clearly d1st1ngu1sh between the |

‘3phenomenally d1st1ngu15hed movement “as such and the
ambiguous relatlonsh1p which th1s affords to a prééess by

~which task performance is executed L oA

An Alternat1Ve Model of Task Performanoe ‘ - f

Some alternat1ves to the rotation’ hypothe51s shall
now . be considered for the present results. In part1cuhar,
| some understand1ngy1s requlred of why the presence of!a

|
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"standard’ resulted in a flat function at angular"
disparities greater than 90°~wht]e‘its absence resulted in
an increasing function. Furthermore, ‘some account must be
‘given'of why the presence Versus-absenee of a ’'standard’ did
not result in response latency di;terences at disparities
greater than 90°. | .

It is first assumed that the stimulus display used in

the present experiments is multidimensional and that the

means by which the dtsplay is processed is sensitive to the

&

mult1d1mens1onal1ty The dimensional -attributes 1nclude such
T}factors as number of blocks per pattern, retinal prOJect1on
orientation relative to a grav1tat1ona1 co- ordinate frame
and angular disparity between the two patterns.

In addition 1t is assumed that subsets of attrlbutes
' can be processed e1ther lntegrally or separately (e g.,
Garner 1974 Smith & Kemter 1978 Triesman, Sykes &
Ge lade, 1977) As an illustration of th1s d1st1net1on.
cons1der the follow1ng If a person were to Iook at one of
the stimulus ftgures used in the present exper1ments, most
of the time he would descr1be it as being a p1cture oﬂ a
three' dimensional obJect In the present expertmental task
the draw1ngs are in fact:- treated as such. On the other hand
~ the draw1ng can be descrlbed as being a set of 11nes or a .
set of squares, trape201ds, etc. In some’ sense the pattern
’doesn t ex1st 1ndependent of the numerous separate lines i
which compr1se it. However these attrtbutes are processed-
1ntegrat1ve1y when the pattern is treated as a three~

G

d1mens1ona] obJect Alternatxvely, a pgfson could Just as
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eastly perform a task elevant to thts 1nformat10n such as

count1ng the lines or surfaces or even counttngvthe lines
which are ’hidden"fr view in the three dimensional =
object. In thls case these at r1butes would be processed
separately, or d1SJunct1ve1y S1m1larly, it is assumed that
attributes of orientation.can be treated e1ther integrally
‘with or separately from other stimulus attributes. |

It has also been found usefut to poStuJate at least two
stages in models of v1sual search. These are commonly
character1zed as an 1n1t1a1 ‘global analytic stage and a
subsequent stage involved in more deta1led analyses (e. g,
Hoffman, 1978; Ne1sser3 1967 Shiffrin & Schneider, 1977).
; The ‘initial procesStng serves a varietx_of'fUnctions.e
inctuding selection of spedifiCastrategies to be emp loyed by‘
subsequent search stages (Corcoran & dackson 1977) and the
chunk1ng of the st1mulus dlsp]ay 1nto parts for further

"analysis (Bartram 1978) .

In the present task s1tuat1on, it is suggested that ‘the

: preprocessor makes an 1n1t1al determ1natlon of or1entat1on

- 51m1lar1ty based on global features 'For-example, the
ana1y51$ m1ght determ1ne if both patterns have an upward
po1nt1ng arm on the\left side. In addttton an estlmate of
: pattern s1m1]ar1ty is made based on_other attributes, such

1das perjmeter'shape,usurface'area;*or 1ocati0n of distinCtiye.'
features. This index of simitartty isguSed as'azb%siS'for :
seJeCting subsequent vmore‘detailed’analyses of course it

is poss1b1e that an actual dec151on regard1ng pattern

_s1m11ar1ty can be made at this 1n1t1a1 stage of’ processing,%’-

>~ B R
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It is suggestiwe that the results of experiment one evidence
a small, but statistically nonsignificant, dtscontinufty at
20° angular disparity. This might mark the range of
acceptable ’simjlarity' for the initial stagé of processing.
‘Within a given threshold of ‘similarity’, a more
'detailed‘sequeqtial,analysis is performed. As'suggested by
‘Bartram (t978)t'the‘pattern is analyzed tn chunks. The
implication jsjthat°the size of the chunks will be
determined’by.the inftia] estimate of}simttarity. A low
estdmate of:simitarity requires a finer grain of ohunking; .
finer gratns requ1re more frequent samp11ng of the patterns
This 1mp11es that there will be a greater number of
f1xat1ons w1th1n patterns and more frequent sw1tch1ngV‘
between patterns This has been shown to be the case (dust & B
Carpenter 1876). In addition, other evidence supports this
hypothes1zed relat1onsh1p between frequency of f1xat1ons and
1ntegra11ty of,the stlmulus display. Re]attvely fewer
0f1xat1ons of a stimulus d1sp1ay 1mp1y more eff1c1ent use of
~ “the v1sua1 per1phery wh1ch in turn 1mpl1es greater st1mulus
},organ1zatlon or attr1bute 1ntegra11ty (Goolkas1an & Bunt
'1978. Locher & Nodxne, 1973; Rayner, 1978) |
By.th1s account, theﬂ1ncreas1ng 11near funct1on up to
about 80° is nOt.due to a rotat1on through an angular o
d1stance at a constant rate Rather dtis due to the degree |
.of deta1led analys1s requ1red of the patterns Angular |
d1spar1ty betweenpthe two,patterns contrlbutes to the1r
geheraluestimate offsfmj]arity;_As such, it is correlated

with increases in response taténcy, but otherwise does not
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play a unigue role in the processing of the patterns;

On the other hand, analysis by the preprocessor may

determ1ne that the patterns exceed some acceptable threshold

of s1m11ar1ty As or1entat1on compr1ses the Cr1t1cal
'vattrtbute-under cons1deratjon .this threshold may be
reflectéd in global-qualities-such as arms on the same side

of the two patterns po1nted in dlfferent d1rect1ons It is

- suggested that exceed1ng th1s threshold resu]ts in a change

~—

1n the attr1bute structure Or1entat1on and form must now be
processed in a d1fferent1ated -- 1n contrast to an R\
1ntegrated -—\fash1on For the two patterns to be
,meaningfully comp ed a common bas1s of compar1son must be
established ‘That the or1entat;ons of the»patterns are
to be judged. ‘same or d1fferent re]at1ve to some shared -
cr1ter1on Ex1st1ng eV1dence suggests that th1s bas1s 1s the
“grav1tat_ona1 co ordlnate system. “ |
The presence of a standard' prov1des for the physical

\presence of the attr1butes of grav1tat1ona1 or1entat1on
‘w1th1nvthe~structure of-the pattern The attr1butes must dl
still be processed d1SJunct1ve1y, however This Wt]t serue’

-

to increase memory load and’ consequently, process1ng t1me
”’"g?' L

It would seem reasonab]e to assume that chunk1ng 51ze as

nmnlfested in number of f1xatlons,_W1ll have reached an

eff1c1ent ]ower l1m1t As a consequence, the number and

durat1on of f1xat1ons, “and the number of sw1tches would be

) .
‘ -more or. less constant Lh1s will result 1n a relat1vely flat}

response latency funct1on past the g]oba] s1m1lar1ty

threshold The data suggests that th1s thresho]d is neached
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around 90°.

On th& other hand, the absence of -a 'standard’

"eliminates some of the attributes which cue gravitational.

orieftation in the display. The subject is required to

interpret the orientation of the patterns ofi the basis of

jnternatly represented attributes a gravitational co-

p ordinate system. This can have a number of obvious effects

“on response latency.

As was suggested in the introduction the actual

’compar1s1on of the patterns should not in 1tse1f benaffected

by the absence of information provided by the ’ standard';:QWVv

Rather; other processes are affected, One cand1date
suggestedbby the dust and'Carpenter'data was'search‘time

1nvolved in matchtng correspond1ng segments of the two

v7patterns The poss1ble effect of a standard"ts to prov1de

a. stab}e external framework for est1mat1ng the locat1on of a

pattern segment consistent with the ev1dence on v1sual

‘SCanning,_this wou]d be accomp11shed-by the visual per1phery '

selecttng potent1a1 locat1ons for subsequent f1xat1ons
A second alternatlve also cons1stent w1th the above :
potnt was suggested by Tre1sman (1977) ‘She found that 1n

speeded search cond1t1ons the narrow1ng of attentton (1 e.,

'sampltng sma]ler chunks) var1es as a funct1on of the

'phys1cal presence vs presence 1n menory of attr1butes of
f:mu]ttdtmens1onal st1muJ1 In be1ng forced ‘to. rely on memory N
‘t‘1n the standard absent’ cond1t1on more st1mu1us sampl1ngs pt

ffare requ1red consequently, response latency 1ncreases
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Summar |
It might appear that: an unusually ]arge number of

'hypotheses have been invoked to account for relattve]y few
ﬁlnd1ngs ‘In fact, two general assumpt1ons have been made
‘First, that the st1mu11 used in the present experiments are
- functionally mult1d1mens1onal Th1s assumpt1on is made 1n’

_contrast to assumpt1on A1 of the rotation models, Wh]Ch |
.;ﬁ‘postulated only angular d1spar1ty a3~functtona]1y.relevant.
ifiThe'resuTts of the present experiments forced the |

‘ abandonment of that assumptlon Furthermore ‘assuming
rmult1d1menswonal1ty is conststent w1th a much W1der range ot -
research and psycho]ogtcal problems than is the assumptton
of the rotatton models | |
| The" second assumpt1on that was made concerned the
.presence of mu1t1ple v1sua1 search and compar1son strategtes
- or stages wh1ch can be d1fferent1a11y act1vated as a
functjon of‘the stjmulus,d1splay and tasKrrequ1rements._thts
aSSUmptjon iS‘atsostrongly'SUpporteduby‘existing.research'
6N probtems‘of.v15ua1 segfch,dtd contrast?-assumption A2 ofi
| the,rotation models-postulated‘one reTeVanttproceSS‘tthe?

’rotation’g The. resu]ts of" the present expertments suggested

e

fthat ‘this’ assumpt1on 1s also untenable ' .':A B

v.Unfortun. both of these assumpt1ons do not make o

':for pars1mon10t -counts of part1cu1ar f1nd1ngs However

5.ithere are some v _ues in ho]d1ng to these assumpttons They: :
‘v:serve, 1n1t1a11y, to p]ace the phenomenon of mentat

- rotat1on in a more real1st1c perspect1ve relat1ve to other .

'kgdf_research and other theoret1cal poswttons w1th1n psychoiogy -



52
#
The value of the explanatoryfframework outlined above is’
that it providesia link among. fields.of research including
vlsual search and attention,\eye_scanniﬁb;'and even
.phenomenal movement . | :.
v'More’lmportant :however' 1s the po1nt that the above
account places emphas1s on st1mulus structure and
: organ1zat1on. The current 1magery propos1t1on debate o
v notw1thstand1ng, it has long been clear that the notion of
structure is an 1mportant cons1derat10n in problems of
perceptwon (see Allport, 1955, Garner, 1974,_Palmer, 1978
, and Reed, 1978, for various'pegfpectives);Furthermoreu as
the above account attempted to démonstrate the notion of"
‘ﬂ’hol1st1c process1ng is not 1ncons1stent w1th concerns for
st1mulus structure and 1ts representat1on In fact the
not1on of holistic process1ng, once recognlzed as a var1able '
'_quant1ty, is dependent on a theory of structure Th1s notlon
has been 1llustrated by concept1ons such as var1able cunk1ng
size and the d1st1nct1on between‘attr1bute 1ntegrallty and
attrlbute separab1l1ty J | |
' A theory of structure requ1res a conceptuallzatwon of
those attr1butes be1ng structurally lnterrelated The -
results of the present study have advanced beyond prev1ous .
_research on mental rotat1on by demonstrat1ng the' e

‘,1mportance of or1entat1on 1nformat1on 1n task performance

’HF1nally, by framlng an explanat1on of these results 1n terms

R ,of the funct1onal 1nterrelat1onsh1ps of st1mulus attr1butes i

: future exam1natlons of the val1d1ty of these hypotheses WJllz

,be exam1n1ng problems of structure wh1ch are central to an fj
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F1g 1 Three a]ternative ways of re]at1na structura] and
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or1entation information See te&t for exp]anat1ons f -‘,  -
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: Fig' 12 The four patterns and the1r mirror 1maqes, used
1n experiment 1. Pairs (a) and (b) were rotated about the

._Y-axis._ Pairs (c) and (d) were rotated about the X—ax1s.
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Fig. 8. Examples of stimulus pairs used in experiment 2. -
Pair (a) is an exampl% of a 'standard' set. Pair (b) is an
example of a ‘Metzler-Shepard' set. ' ’
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APPENDIX A

TABLE 1: ANOVA summary for experiment 1

S(AB) 442

SOURCE- \ SS df O MS P
AXIS: & 72,17 1 72.17 18.99 ' .001
S(A) 87.43 23 3.80 R
ANGULAR DISP: B 1142.99 18 = 63.50 42.44 .00t
S(B) | . 699.44. 414 - 1.50° ‘ o
LINEAR: B - 1032.40 1 . 1032.99  136.51 - .001
error. .. 173.95 23 7.56 ‘ -
QUADRATIC: B - 52.74 1+ 52.74 28.21 . .001
- error - 43.01 23 - 1.87. _
.CUBIC: B 11,76 1 11.76 13.56 .001
error. : - 19.95° 23 0.87 : :
QUARTIC: B - 17.65 1 - 17.65 10.30 .004
- error | - 39.40 23 1.71 . : .
 QUINTIC: B - 10.23 1 10.23 8.61 .007
error . 27.31 23 1.19 ’
AxB - 63.53 18 - '3,53_~ '3.30 .00
17 - 414 1.07 IR




TABLE 2: Cell means énd.sténdardudeviations

Y-AXIS  X-AXIS
+Ang. Disp. . - . mean s.d.  mean s.d.

0.835
.499  0.840
713 0.752
113,901
.084  1.049
104 1.138
.669  1.059
412 1.232"
022 1.175
713 ;. 2.052
696 © 2,071
411 1.769 .

.516 :?ggﬁé_

017

141 . 2,184
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L4211
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. 041
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.827
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| . APPENDIX B
TABLE 1: ANOVA summary for eXpefiment 2

'SOURCE . Ss df  mMs F p

'STIMULUS TYPE:-A  95.64 1 95.64°  126.47  .001

Cs(a) S 832 11 o078 o

~ ANGULAR DISP: B 312.32° 9 -34.70 ~ 35.52 001
s(B)  96.72 93  0.98 R

o AxB . 40,87 9 4.5139  7.68 .00f
S(AB) - 58.28 .99 0.59 ' N

D
-

- TABLE 2: Cell means and standard.deviations

. STANDARD ‘SHEPARD
- Ang. Disp. mean 's.d. - mean . - s.d.

181
. 366
986 .
707
628
208+
14

739
.560
.640
091
.063
.779

.492

:809

.340 .
.450 -

.682

. 847
.284. .
-161
297
.801
.938
.962°
.622°
728

0. . 2.156
200 . 2.49f

40 3123

60 . . 3.139

80 . 3.640
- 100 4610

PR 120 . - 4.870
140 4.534
180 - 4,459

180 4513
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