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S ' ABSTRACT -

'
N\ ~

‘e

'To explain Finke and Kosslyn's (1980) finding of .

~

reduced perlpheral acn1ty 1n mental 1mages within

‘.Kosslyn s (1980) 1magery model requlres certaln.

s

assumptions about the nature of the 1mag1ng substrate.

In partrcular, assomptlonsfneed to be made about theuv‘
‘effective grain size of the medium and the allocat-dion
of rocessing resources to different areas of the
1mage. These assumpt1ons are each’ testable, and
"provide aﬂmeans of ;estlng Kosslyn S'model 1n}h
- particuler, and more genérally, of test1ng spatlal

models of 1mage representatlon as aga1nst the
v ‘.’:‘]4 -

prop051t10nal approach Three\exper1ments were —.

e

fperformed and the data from a fourth were reanalyzed to
_— \ .

: ¢
-~ test these assumptlons.

nthe flrst expenament 18 subjects\}magined .

rlgld arrays of p01nts,,and tracked an 4mag1nary dot

- .5 >

moving between the pofhts.e The t1me to 1mag1ne the

<‘\\Lnte£:P01nt passage was 1onger ‘for those tr1als wvhere

the most ﬁccentr1c points in the array were aroﬁnd 7

-

degrees frpm the tracked dot than when they wvere 12
oy

degrees fromxthe dot.4 In the second and thlrd

experlments, d1fferent groups of 18 subjects 1maglned

1

small objectsvto move at dlfferent degrees,of



eccentricity from the‘fikatién”pdint in an otheryise
stationary scene. In both cases, there was. &’

significant quadJ?t1c effect of eccentr1c1ty in that
t

o] 1maglne the move was greatest (

6

the timeﬁféquire

around .7 degrees of eccentr1c1ty, and less both nearer_

anQ»further from the fixation point. Finally, Jqlii‘
and Kosslyn's kléSS) map‘scanninéldate73ere reanalyze
in terms of the reLat1ve eccentrlclty of the points on
the map durlng euph'scan. -?ﬁe same quadratlc effect
“was found. 4 |

The data are .interpreted as prov1d1ng evidence
agalnst a prop051t1onal model in favor of an
elaboration of Kosslyn s mesxl. A model is described
in which imege uﬁaéting reseu;%ee ere;aliocated equally
across-the imageﬂ‘ahd in which the image substrete ’
'grain sizetis;finesf in the center and courser in the‘

periphery. ; L .

“wvi
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! CHAPTER 1: INTRODUCTION

For most ngple, mental 1mages seem h1ghly similar

~

(¢] v1sual experlences. LImagmed shape, size and color.

'seem to take the same form%in 1mages as in the v1sual

o~

world and so it 1s unsurprlsing that con51derable

°ev1dence has been amassed to demonstrate such

1

51m11ar1t1es (see Finke, 1980, for.a review). 'In

.

partlcular thefwonk‘of-shepard and his colleagues'(see
‘Shepard and Cooper, l982 for a rev1ew) and of Kosslyn
kand hlS colleagues (see Kosslyn, 1980, for a reV1ew)
"has suggested that mental 1mages are in Sbme ways
1somorph1c4f6:what is belng-lmaglned, Thus, for
,exaﬁple, theptime taken to”imagine'objects to move in
~ah image;rorlto<moVe the mental fixation'point in an
limage, is a funct1on of the dlstance moved., As a
result of these and other f1nd1ngs, Kosslyn an? Shwartz
-4(1977),9andeosslyn_ﬂ1980,~1981,.1983) developed 2
.;modéi di‘;gage representation in Whichlsize,fdiStancei

and. location are directly preserved in an active mental '
» ™ B ‘- . L . ;

.:irmag e . Y . : - 2 v . | t . . T\ : 1 z
Kosslyn S model accounts for a great deal of the
data but théwe are, a few untested assumpt1ons 1n the

model wh1ch thlS the51s addresses d1rectly. In thlS N
L4

e chapter I w1ll dlSCUSS those aspects of Kosslyn s model

- : . . .



.that relate to the characterlstrcs of the substrate

upon Wthh 1mages are purported to be deplcted and. the’
1ssue of the apparent reduced aCUItY for parts of | -
1mages located at the perlphery of the 1mage.' I w1ll
concentrate on the alternat1ve explanatlons for theA m
phenomenon. In Chapter 2 1 will elaborate upon the ;=

testable consequences of ‘those alternat1ve . - ﬂ Cj

‘explanat;ons, and.show how image proce551ng t1me can be '

. used to support one or other of the approaches\‘ _
| 4~”In Chapter 3, the ‘testable‘implications of the’
dlfferent explanations for reduced per1phera1 1mage
adu1ty are expressed in six hypotheses, and the detarl
of the experlments ‘run to test those hypotheses, and
fthe results obtalned are prov1ded F1nally, 1n Chapter ks
4 the results are discussed, as well as the:r e“ ‘”7”5:"
implications forhthe explanationjof reduced peripheral =
*image acuity and for imagery theory in general.
, § ‘ ‘ .

Kosslynls'MOdel and Reduced Perlpheral Image.-Acuity TJ'
fKosslyn‘(1980) argues that vlsual‘information is
Stored in long term memory in both;proposational data
'sﬁructures andvseparate-lists ofidata describing the
fd1stances and angles between parts of the 1mage. Images

are created by u51ng thls Long term memory lnformatlon



to actimate cells in a StrUCture<which he calls the

L}

visual buffer. The visual buffer is, functionally; a
two dlmen51onal matrlx and SO preserves the (two

d1mens1ona1) structure of an 1maglned scene in a way

+

analogous to a CRT or a Tv screen.' D1stance across the ?

W :
1maglned scene is therefofe reflected in dlstance

<

across the v1sual buffer.

' Kosslyn (1980 P. 2727 cons1ders that .in ord1nary

vision the v151ble world is most probably mapped onto

v

the same buffer, and that the processes used to extract

1nfbrmat10n fromjwmages and visual scenes are probably
. ’ . o . .

the same. This would account for the numerous'

paféllels between vision and 1magery, such as the

AN

~ f1nd1ngs that 1mages and vision are confusable (e.g.,
Perky, 1910), have s1m11ar effects-on motor behav1or

(Finke, 1979), are subject to similar 1llu51ons Lo

(Wallace, 1984), and are subject to other central
effects like the McCollough effect and- the obl1que

'effect (Kosslyn, 1983 p. “B?)

. ‘ ;)

There a59 four characterlstlcs of Kosslyn s visual

butfer wh1ch .are 1mportant to this dlscu551on. F1rct
Kosslyn. states that the visual buffer "fundtlons as a
coordlnate space. Informatlon is represented in th1s
- space by’selectlvely f1111ng in local reglons to deplct

portions of the represented object or’ objects _
< r ’ o



(Kosslyn, 1980, p. 139). These l&cal regions are lﬁke
pixels on a CRT. Second Kosslyn notes (p. 139) that

-

he buffer has 11m1ted extent. Thls accounts for the
finding that there appears to be ; limit to.the maximum
.size_aneobject'can be imagined (Kosslyn, 1978). Third,
" he stqtesv(p.‘1§1)‘that"ima9es begin . to fade as soonjas
‘ they_afe ereated, and.need:to be regularly-ref;eshed.‘
This‘refreshing is not done by“rejacceSSEng\the lbng.:
term memdry data bdt by sqmehow‘scanningfacrOSS tﬁe\
image to the fading deﬁe (p. 150, p; 25u§. Finally,
: Rosslynﬂargues (p. 140) that the bdffer hes g grain
| size,'euch‘that informaeion is unavailable when obﬁectsﬁ
-are imagined too small, and-this grain size gets larger-
-;towards the perlphery of the buffer. Thls property
'accounts for “Finke and Kosslyn s (1980)'finding thatl

of the1r images than in the center, whlch may be

- "likened to reduced vlsual aculty in the perlphery of

the retlna.

The CRT model 1s a convenlent one, but 1t should\w
N

not be taken ‘too 11terally. The 51m11ar1t1es between a
- CRT and Kosslyn's model 1nclude, for example, the - facf
tthat Kosslyn views the 1mage buffer as a 11m1ted size

- functional matrix in whigh short-llved pointsvdeplct

imag;ned‘objects,‘just like pixels 'On a" CRT. }

N

Ny
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Furthermorey/in‘Kosslyn‘s model the depicted location
of specific objects, or parts of objects, may be -

aiterediby "transferring“ the boints incrementally
across the buffer in just the same way that one would
deplct movement on a CRT S

On the other hand unlike when v1ew1ng a 'CRT, one
cannot examlneﬁthe Qetalls of objects on the edgefofb
the image buffer directly, the way one can look-at‘the
side of‘a7¢RT screen. This ig beceuse the pefiphery of
‘fhe imege is, byndefinitioh, peripheral .to th®
"focusseﬁ"*érea'of the mental'imade,.and,gfﬁbthermore, -
‘according]to the model it has a large grain size) or
low resolufiom;, To examine é partioUIar peripheral

object, or to "track" an object as it moves across the

imﬁgined scene, the whole image has to be moved across

the buffér so as to bring the object_of interest, or

t ekmovihé’point, into the center. Kosslyn (1930) oalls
this a "field general" transformation® _From the
erspective of the imagEr, the effect of mov1ng the .
mage across the buffer in this way is 51m11ar to the
Jeffect of scannihgkhhe eyes across a visuelvéceneﬂto
‘brlng prev1ously perlpheral v1sua1 material across the
;retlna tagthe fovea. Slmce the two are functionally

equivalent, the expression "scanning” across the image

is used in Kosslyn's work and in this dissertation, .

-



-~

even though it )é by no means implied that'scanned .

material remains stationary while: the scanner moves.

Kosslyn's (1980J pp. 138-141) conclu51ons about

"the'reasons for, and mechanism of, reduced acﬁity in

. Y I . :
the periphery is the focus of this thesist.fﬁ%e major

evidence for this position stems from a study by\Finke
/ .

and Kosslyn (1980) In that study, subjects were shown

e

a pair of dots separated by a small gap. ghe subjects

w%;e then asked tp look at, or 1maglnemlooking at, the @&

. dots on a’'screen, and then scan their eyes siowiy a&ay
in a horiédntal.or vertical direction until theya |
reached the point at‘wHich the§ vere unahle td iesolve
_theltwe peints. By plotthg these;resolutiem‘ |
%bOUndaries, and systematieally varying the dot -

separation Finke and Kosslyn were able to map the
pi .ﬂ

fields of resolution for dlfferent dat separatlons.

Lt TR

RV S

e

[ir.like visual acuity, falls off monotonically as one  /

N Finke.and Kosslyn s finding was ‘tha image acu1tx;
moves out from the center, and furthermore, that the
_shape of the fields of resolutlon is the same - (1.e. N
oval, and extending further below than\above the;‘
figation point) for both modalities. This latter

_finding is pafticn%arlycimportant-hecause there is

little doebt that most subjects &bhld know that visﬁai.

acuity, is hetter»at;thelfixag\on poihb,.and so could



]
-
.

eas11y reproduce a 51mple decreas1ng aculty ;anctlonkln
their 1mages. The subjects in Flnké ‘and KOngyn s"
experiment howevér, did not predict the Shah@ of the
f1elds of resolution wh1ch was shared by theg fvo ¢
modalltles. The study 1s, therefore, relatlvaly immune
.to Pylyshyn s (1981) "tacit knowledge" attacy, that any'
con51stency between subjects was due not to the .
moperatlon of postulated mental mechanisms, put to their
sha&ed tac1t knowledge of the laws of physxas.

Kosslyn (1980) noteswthat the v1sual huffer~coo1d”
~ have a graln 51ze which is constant throughaut, and the
(’reduced acuity could then be obtained if theq procedures
operating.on the buffer allocated.more YESQQ{CES to the
:more central area. Alternatively, the redqud |
resolutlon could be due to structural llmth¢10ns such
as larger graln in the periphery. Kosslyn 301nts out
that when (if) the buffer is used to repregQﬂt Vlsual
'percepts the resolv1ng power of "any given pyst Gf the
buffer nee¢d be no greater than the resolv1n§ pover of
the aésoc1ated Rart .of fhe ret1na. Acdordyyg to this
view, small gra1nvs;ze in the periphery of iﬂe buffer

is rednndant duringiyisual activity and so'it.doeslnot
‘exist. Thus, for reasons‘of "explanatory aé@qoacy'énd T
‘computational ease” (p. 140), in_Kosslyn'e yodel the:

peripheral bufferhcells account'for a large, visual

. : _ e

Ve
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angle per cell than do the more central cells. In his
simulatién,xpsslyn uses only two levels of grain size
(see for example (jislyn, 1980 p..147) but his -
discussion of the model (p. 140) and the results of
Finke and Kosslyn's (1980) study clearly suggest a

Acont1nuous gradient of resolving pow’%.

. N _ _ .
Kosslyn acknowledges that’his choice of a

structural rather than procedural explanatlon 1s

somewhat arbitrary ¢1980, pp 139- 140) and that th%.~/~\\£
®
question ;s empirically answerable, but he nevertheless

#

left-the assumption untested' The structuralNVérsus

,ﬁuprocedural alternatlves are examlned in more detail
r

<\\_below' and some of the. implications of each are

ment1oned. .

‘The _Structural Explanation
The‘strqctural explanatlon of Finke and Kosslyn s -
(1980) f1nd1ng of reduced aculty for images 1n the
perlphery of the visua buffer is that the "recept1ve
‘f1e&d" of the cells 1nk>he per1pheral area of the
visual buffer cover a w1der v1sual or imaginal angle
than nQre central'cells. ‘The theory is that if two

points are maﬁped onto the central part of the buffer

with one or more empty buffer cells between them, the

-~ =
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points will bé distinguishable. if the same two'point
l‘areaimagined to move towards the peripheryathey will
eventually fall intO'the same or immediately adjacent
cells and thus bec?me 1ndist1ngu/ hable from one

("

another. . o
. 2

v

',A‘question that arises from this cohcept of ih
buffer is how the missing detailuih‘the peripherﬁ,l
recoveféd whenuthe imager scans across the’image.q
3cahning across the image brings previoUsly“sériphefal
ahd,vf%e:efore,’incompleteiy resolved information, into,
the central, highiy resolved area. Kosslyn~exp1ains

~
the appearance of the prev1ously absent 1nformat10n by

.
reference to a general purpose opergtor called the
"inverse mapping-function."‘ This function pfqvides for
~rapid access to the"long term memory stfuctures
relating to the contents of each cell, Where.mefe than
one point is mapped onto a singlé cell, that cell is

- * . ) o .
"marked” and the imager may then use the inverse p— °
mapplng function to rapldly resolve the missing detail
wvhen it is brought 1nto an area of h1gher resolution,

<A\p01nt Wthh Kosslyn does not mention, -but Wthh

ﬂ1s 1mp11ed by the 1dea of a varled graln size 1mage.
'buffer, is that shlftlng the image apross the

substrate, such as . when«scannlng across the image, also

requires something like an inverse mapping function to
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prevent the image from becoming distorted. For example,
consider a caSe in‘Which the image is being{shifted‘tO'
the left. If inva given cycle the imager moves all
parts of the image one cell to the ;eft, then each part
of the image wili appear to have movedhleft by an
amount equal to the visual angle separatlon between fhe
cell that the part started on, and the adjacent cell
that it enaed on.. According to Kosslyn s theory the =
visual angle accounted for by per1pheral cells is
greater than ‘the central cells, and so per1pheral parte,
of the image would have moved through a greater visual

.an&le. The ima ould therefore be slightly distorted

- during the move) apd would become more distorted during

each subsequent mgve, -Under a varied image buffer

grain size model| therefore, some additional tunction

beyond,Kcsslyn's inverse mapping function is needed to

determine whether ach cell depicting the location of a
peripheral and'inci;;TEtely/;egglv part ofgthe.imege :
needs to be updated dﬁring a particular cycle, or not.

- A consequence of varled grain size 1s, therefore,
that mov1ng objects 1nwards from the perlphery of the
flmage buffer\neceijrtates repeated use of the 1nverse
mapplng function to fill in: missing detail, whereas
mov1ng the same obJect w1th1n the central comd&etely

rd
‘resolved region does not. Such repetitive memory

]
¥ »
-~ . ) : o
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" access presumably takes time and should therefore-
affect transformation speed, irrespective of whether
the transformation is the movement of the whole image .

~

such as when scanning the image, or the movement of

only parts of the image, such as‘when imagining moving

and stationary obje;ts simultaneously (Kosslyn calls =y
these "region boundgd" transformations). » i
Transformation spee? thus becomes a test of the -
existence of such extra processes in-peripheral
transformations as-;ompared to central trénsformat;ons.
. InﬁcreatingAanjimage of a given SQene the imager
selectg a level of fesolution.which is appropriate to
the task. This point y§3§mportant in the

o -0

interpretation of my results and so I shall give it
special‘attention. Subjectively, one can imagine
objects at a given distance, without "see%ng" all of
the.detail thch could be detegted at thagidistance.
For example,\one éan imagine a carAat a distance of,
say, 30 feet without necessarily including all of the
detail in the image that one could See ai such, as a
distance. For example the image wouild not necessarily
include the door handle, the shape of the back windbw,'
‘or ‘the profilerf the driver, ifﬂfhoée details did not
contribute to the purpose for wﬁich one had'created.thg.

image. One can, of course,>rapid1y fill in any details

o |



12

urpose of limiting resolution-would be’'to

essing effort requifed to create the
iﬁagef and gﬁe effort fequiredmto~transformﬂit-since
there are fewer data in a low res%lution image.

Aécprding iovKosslyn's model, a given small ’
element in an image is éitherﬂfully'resolved at the .
. 'selected level of resolution and has no ﬁeed of the '?
inverse;mappimg function during scanning (such as when
it_is'n ar éhe éenter), or it is not fully resolved.

y

If the element™is not fully resolved it is in an area

1

- / . . . . -
of the’buffer where buffer's resolving power is unable
to resolve the fullest- level of detail desired. Kosslyn

introduced the term "ovefpninted"'in this context

because ip/ his simulation ‘two separate data points in
ony C would be printed onsfop of one another. Such
elements require the use of the inverse mapping

function to resolve the missing,detéil when they are

moved inward. ~ ’ /

' 'Kosslyn does not suggest that objects are only o ¢
fully resolved at the very center of the image, since
that would mean that changes in resolution, are only

. possible through "zooming in," but rather, that objects’

\

-~

near to the focus point can be resolved at.theu;posen
"level of resolution. This'means that for a given level

of resolution there iqkan area in the center of the

L4
-
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image buffer whege the resolving power of the buffer is
not fully utilized, irrespective of the size of the
particulér objecés represented there. When the level
of resolution used is.high then this area would be
small, and vice versa. ,

It follows from.;he above that if a fully
 :esolvg§, non-central object is meved inwards in the
image,‘then that‘object is'm?vihg into an area of finer
grafn, without gaining in fesoiutiqp even though
resolution improvements“are possib{e. The inverse
mapping function, or Whatevér is responsible for adding
detail aé objects become better resolved, therefore
ceases to operate in the fully resolvgd region, unless
one decides to change tﬁe leyel of resolution, and add
more detail (this is not to say that other special
procedures are not required). This has important
implicationg,. - If the ipverse mapping function is not
used when sqénﬁing'ih the central region, and is used
i\in the péripheral regions, then one mighi expect a
disjunction in*the transformation speed function at the ?
poinp where the object becomes fﬁlly'rgﬁolved. The

latter point will be taken up in more detail in the

chaptqrs to foilow.
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,~Process/Procegpre-Explanatign e
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e

)
Flnke and Kosslyn s (1980) reduced per1pheral
:iacu1ty effect can also be obtalned by. means of spec1al
feccentr1c1ty dependent processes worklng on a buffer
”'which has conStant graln 51ze,brather than the
» systematlcally varled grain suzes that Kosslyn (1900)
proposes. The "image 1nspec€1ng"’operators may merely d
'operate in a more gross fash*on 1n the perlpheral area.p
That 1s, when worklng 1n the perlphery the operators :
imay report the locatlon of a glven element less
accurately, or at a lower resolut1on, even though: the
actual resolut1on is constant | ‘ o

In a buffer w1th a constant cell size 1t would be
’ea51er to move the 1mage back and forth w1thout
:’dlstortldns occurrlng and w1thout the nece551ty for an
',1nverse mappmn; funct1on.‘ Thls 1s because a 51mp
move of each po1nt to an’ adjacent cell is- all tha is
requ1red The t1me taken to accompllsh a gﬁven l1near'
‘transformatlon would therefore be proportlonal to the

>

absolute"dlstance traversed only, and unrelated to the

-;eccentrlclty of Ehe transformatlon. A constant-graxn~

. R

kS1ze approach is 51mple,.eff1c1enth and.cOnsistent with -

:the l;terature,.»lt has_;ts,limitatiOns; however.

\
- »
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One problem with this. approach.rs;that image

‘rotatlon 1s more d1ff1tult to accompllsh 1n a constant

.

, H

.grain substrater Tth rs because morepeccentrgﬁﬁparts"
) . . Lo PR AR S

of .an imagined rotating.ohject cover a;greager,length.
of arc in'unitftime than do'Central parts gffthe same -
object. vTo prerentwthe object.from becoming twisteém
durlng such 1maglned movements the image moving -
operators would therefore have to m.ve eccentrlc parts
further 1n terms of V1sua1 angle:per cycle, than‘_
central objects In the.case of.the Varied‘grain size

approach since eccentrlc cells account for greater

v1sual angles,'no spec1al procedures need be requ1red

" That is, if the 1mage graln size is proportlonal to

~eccentricity in the same way that the resolv1ng«power

of the eye is (Drasdo, _1977) then‘a One—ceii rotary

»movement at any level of eccentr1c1ty w1ll correspond

to the same’ angular change as measu;ed from the
flxatlon p01nt.. In~the case of constant graln size .the

image rotatlng operators would have to move the

ieccentrlc parts of the 1mage across a number of

1nterven1ng cells for every one-cell move in the
/

center. Thls extra proceSS1ng should be reflected in

"trme requlred to accompllsh rotary transformat1ons,

so again transformat1on t1me will prOV1de useful

» data in dec1d1ng between these alternatlves,

& . L4
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" The 1mp11cat10ns for transformat1on speed of the o

varled versus constant gra1n size approaches are

4 clearly dxfferent. Specifically, with varied grain:
size one would‘expect’radial linear transformation
times (transformatiohs'inward or outward;from the
‘center) to vary with eccentricity, whereas they should_

* be constant under the constant grain size model. Of

course one could argue that the graln size is constant_

o~

but'that the transformation operators\;ork more rapidly
or efficiently at the ‘center than at the per1phery for
linear transformatlons, and vice versa for rotary
1transformat1ons. Under such a system, however, it
would be 1mp0551b1e to- scan a 1arge 1mage W1thout the.
image becomlng d1storted since at any one. t1me ‘some

parts of the 1mage are more per1phera1 than others and

sO would be moved at dlfferent speeds. Furthermore an

inverse mapplng process is Stlll requlred in a constant

grain 51ze model. to allow 1mage enlarglng ("zoomlng in

Kosslyn [ terms) and to update the edges of the buffer
~as one scans contlnuously in a given d1rectlon (the
‘_purpose'for-thch'Kosslyn o??ginally invented the -
conCept) In conCIUS1on, therefore, although bOth
}approaches ‘have their merlts, the \arled graln size

approach seems to require fewer assumptlons.

>

]



CHAPTER 2: THE SPEED OF PERIPHERAL PROCESSING

@

e

 This charfer is in four.sections. In the first

' two sections ‘examine the qonsequences, and the merits
iand\demerits'of models which hold that prbcéSSing'.
résources are allocated equally to all_céils of tHe
ihagé buffer but that the.grarn‘bf the image buffer is
e&ther a cpnstaht siée thfoughout, or that thé gr;in,‘
'size‘is Varied. In the last two sectioés I.will. '

. ) . } . v' 2 B
- examine the effect of differential ftesource allocation.

<’f

-~y

. The Varied Grain Size Approach

/j\), . - f‘\.‘ \
~ The following section is an analysis of the . .-..-,

.~impiicatigns of a modei whiQh holds“tﬁat the grain size °
of the visual buffer‘is graded (either cdﬁtihuously or
in steps) andfthat all;parts'of the image are sé viced
.i(réfreshsd or updated) equally frequentlf, Thié isiggg‘
to say that;ljagsume all buffer cells are:givén‘equab
‘time; mereiy:equélly frequent attentiogggirfeSpectiVe

LY

of the relative amount of time it may'take to servi;g"

each cell. . . I )
_'Figufé 1 providés an iilustratioh of a varied:
grain size buffer with a ﬁﬁﬁggr.of'ﬁzjec;s marked 6n R
»it; The numerals_in the~£igu;e‘idéﬁtify hypothétical
"\ A o ’ ' '
- 17 -
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Fixation point

a

Figure 1. - A schematic,repfesentatiqn of the varied

grain size image buffer.
. . . \.

[

¢ v

objects,;og different parts of a compléx object.” The

3

letters in the cells will be\used to identify

. particular cells. It should bs;noted that the cell

size in the illustfation'represents the size of the
visual aﬁgle accounted for’by each cell,_ahd fhot the
size of the ceilfit;eif. Thﬁs, for example, objgcts'l;
2 and 3 are imaéined»to be equidistént evenmﬁhough.thé

three objects are repfesented in only-two cells. On tHe,

other hand the sggara{ion'between objects 1 and 2 in

N

E
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the figure could not be imhediately iuferred.frqg such
an 1mage, 51nce in Kosslyn s model each cell can only e
51gnal the presence ‘of an oblgct or objects ;somewhere"
in the area ‘that cell accounts for. |

In moving -an image Qf.some‘small objectf(or an
_element of a large one) a numberief possibilities
exist. Consider an objectein the periphery which is
smalier'than the visual angle‘of a peripheral buffer
cell, such as the 2 in Celi'A of Figure 1. ’ If‘this
object is imagined.tc move a small amouht towards the
center of the image, then.a'number of different things:
cculd‘Be happen. ‘Three of ‘them are discussed in detail

{the paragraphs to follow. . S

The f1rst way 1n wh1ch the buffer could be updated
is that the contents of each buffer cell could be | |
transferred 1n_total, w;thout reference to what is
repr euted. The 1 and the 2 would therefore be moved

/yjiell B. ' The secoﬁd_possibility is that, if the
cell is marked as overprinted as wculd be thebcase in |
.the case of the Cell A the cohtents of the cell could
be. checked by means "of some local or long term memory
process to see if the object shouldvoccupy_two cells

after the move, and then moved to the next_cell‘dr

FElls as appropriate. Note that in both of :thé above



- - .
R ‘,_), . . ) .
. . o )

. " L . ~ ; . v l‘ ? 20 .

_approaches the cell rebreséntipg an object is a]lways
checked and changed on every Cycle. L
A third possibility is that the precise location

in the real vorld of tﬁe-representéd object could first
be checkeéqz)gjnce the cell acCouhtg'fof a finiﬁe
visual angle, it may be the=ga§e that the.objec;, after
moving, sl;ll falls iﬁ the region co?ered by the
‘orjginal cell (such éé'obéectfl after a small ﬁovemént
~of that object'to the rig%{i} in which case the cell
would not be chénged. 1f the object has reathed the
boundary of the region covéféd by the first .cell it
cbuld-then_be moved (with possibly another reference-to
long tefm memory to handle'0verprinting); |

| Becauge the peripheral ceIls‘aqcbﬁnt for'g;eater
visual anglé% than the éeﬁtral bnes+_a one-cell
jnq;ément in the periﬁhéry'is aésociated with a greater
real-world distance than”a one cell inc:eméntfih;the

center. Under the_first option above, in whiqy the

. total cell contents are-transferred in each 5yqle, this

“would mean that a small objéct (such as object 1 on its
_S&n in Figqre 1)’whigh is being mbved f pom eell to cell
at a regular rate écross‘the image woﬁ(ibappeérito
-coveé a.gréatef disﬁaﬁce‘iﬁ unit time ét the_périphéfy
than at the center. That is, the rate of movement of

- that object would.decreése towards the center.



When an object is in-the periphery it 'is 11kely to
be overprinted (such as objects 4 and 5 in the figure).

Under the second option above, (in which the processor

checks for overpr1nt1ng before effectlng a move) a one

stép move of these two objects towards the center would

requlre long term memory access to check 1f the obJ
should be represented by two cells after the move. If
‘the object does not" need to be further resolved then
the move is performed and the object is transferred to

the next cell (both 4 and 5 would be transferred to

cell C) The size of the resulting imagined real-world 3

movement will depend on the size of the cell and so,

again, the object wrll‘be moved over greater V1sual
angles each time the cell is updated in the periphery
than in less peripheral locations.ﬂ The rate of |
movement would ;hus decrease as an object'moved towards
the center since more cell moves are requlred per
degree of v1sual angle. Once the-object is in the

fully resolved area of the buffer and no‘overprinting

exists, then long term memory access is no longer

needed and the cell'representing the object's location

can be updated much'more rapidly.v The object will

53

still cover less v1sual angle per cycle as it moves
I

towards the center hqwever, because of the ever

decrea51ng amount of W1sual angle covered by each cell.
’ ,!, i o ®

B!
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Thhs, under the "check for overprinting" option the -
movement rate ought to decrease towards the center and
there should be a disjunction and relative 1ncrease rn
processing speed at the ﬁoint where the object becomes
“fully resolved. |

Thefproblem‘rith both of the above aporoaches is
apparent if one considers the case of two%separated
objects such as p01nts 1 and 3 in Figure 1 moving
together across the buffer._ Slndg the visual angle
traversed per cycle is a function'of.the eccentrrc1ty,
and since at any moment the two objects will have r
different -levels of.eccentricity; the real.world.
'distance .between them wouid change as they moved.
- Generalizing this effiect to more complex objects, it is
clear that objects wouldl become distorted as they wvere
scanned across the 1mage substrate. On the other hand,
thls movgn&nt.speed disparity would be an advantage in
"the‘tase éf mental rotatlon of objects in the p1cture
plane abput the center of theulmage becaqse,'ln the
real world, peripherai parts of a rotatinggobject do
move,further than centrai parts for a'givennangle-of
rotatlon.‘ I 2 |

The th1rd 1mage transformlng process option above
is sirilar to the check,for overprlntlng‘ optlon,

except that the precise'location of the object in

g



imagined visual space is checked prioy to each

v

incremental move. If the object's new location after -

the move would fall outside the range of reference of
the original cell then}it‘would be moved to the new ’
cell; otherwise it would remain in the original cell. .
This would-elimidatenthe_problem of size or distancé

distortidn which otherwise. results froh the varied cell

size since objecﬂ& are not necessar}i& transferred on
every cycle. Nevertheless, as the object moves in from
theiextremé periphery the processor will have to update

the cell in which the object is located more and more

»

frequently while still using the inverse mapping
process on every cycle - requiring more wofk perfunit
distance. The result would be that m6v1g a single and
incompleteiy resolved object over a giVé;iLisual anglé
would zake less time in the extremé periphery than in

less peripheral areas. - Once the object is resolved (at

the chosen level of resolution) the long term memory .

access is no Ionger.heeded,_and so thegjeffort-required
per'cycie is reduéed, which_could decrease the time
required to affect a given movement. This-third option
-therefore’' permits complex objects to be moved wiﬁhout-
size ané shape distortion, and does not waste |
processing effbrt on fuliy resolved objects.’ On the

other hand, the time .required to accomplish a givén

—
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o \
visual angle movement would still not be constant at

all levels of eccentricity.

{

o \
Those t{:jfformations which are at right. angles to

" the radii of ‘the Buffer'(such as if objects 4 and 5
move vertically) I will-call "tangential"
transformations. Tangential'tranéformatiggs over short

‘distances do not require changes in resolution (since-

the object remains approximately the same distance from

the center throughout). Nevertheless the effect of the
f%rger cell size at the periphery will be the same for
these transformations &s for the radial transformations

discussed in the-prezZE::npérag;aphs. The time taken
vy '
to traverse a given distapce will therefore be less for

more peripheral téngential transformations than more

v

central ones.

.

The common theme in each of the above descriptions
is the'point that the varied grain size model implies
moré procesSing‘effort per degree of visual angle moved
in the center ofvthe buffer than the periphery. In
1@dai£ion, the idea that objects are not fully resolved
in -the périphery but become fully resolvéd in the
center i:;lies'some kind of disjuﬁc;ion in processing -
effort at the point where the object becomes fully

N . .

resolved., As a result a ﬁlét of processing time (y

axés) against eccentricity (x axis) would show a

-



sawtooth function -- initially decreasing, a
o

dlsjunct1on and relatlve 1ncreasep followed by more

25

‘ downslope as one ‘moves out to the periphery.

Since Kosslyn opted for a graded grain size

'approach one might ask how he accounted for the above

issues. First, he (Kosslyn, 1980, p. 165) ‘admits that
he is "not in a posftion to offer seriously a theory of
mental transformations." He choSe'this ,approach over

the constant grain size approach on the grounds that

(p. 140) (a) the varied grain size approach makes it

‘easy ‘to explain the fall off in resolution reported by

Finke and Kosslyn (1980), (b) it is easier to Justify

or explain a buffer in which ‘the re501V1ng power

matches the resolving powver of the associated parts of

the retina (c) and the varied gra1n size .approach is in

< -

some respects computationally easier.

In his actual simulation Kosslyn'avoided the

-consequences of varled grain size by, in fact, using a

constant grain 51ze. That 1s, in his simulation,

Kosslyn (1980, p. 140) used a constah; cell size

buffer, but filled in only one randomly chosen cell out
of every'group'ofininebin the periphery; This, he
argued, gives aaﬁargef ;functional cell s{ze" Evisual
angle) in the periphery while eliminating ail of the

computational problems which a true simulation’ of

g
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varied grain size would have. In the ;imulaiion,
transformations.were performed by'simple incremental
movements across equal distances in all parts of the-
bufferH(which is not poséible if the grain size really
is variéd), and only after the move had been completed
; .
was the resolution adjusted. Thus, while Kosslyn
érgues for a varied grain size, his simulation.used a

\

constant grain size, '\

The Constant Grain Size Approach
by ,

The following section Is an analysis of the
implications of a model which holds that the grain size
of the visual buffer is censtant thAougho‘t and that

) all parts of the image are serviced equally frequently
As ment1oned prev;ously, constant grain §1ze has the
advantgge that all regular incfemental transformations'

vrequire the same prdceésing effort, irrespective of

“where they occur. Thus a movemeht over unit distance
of a ;mgll object will téke the same time irrespective.
of~§here in the image buffér if occurs. thary
movements and movements at .a tangent‘to the diameter of
the buffer should, teéhnicaily,.be the same as all

other movements. However, as discussed ‘previously

there may be some operator which serves to sloy the
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movement of more central parts of a rotating object so
as to prevent distortion. Lo

o ‘The reduced acuity which Finke ahd Kossiyn (1980)
Ifound at—thé ﬁeriphefy'of the'iﬁage could be obtained
by haQihg the operators responsiblevfof extraé;ing
information. from the image dpefate’at a‘lower‘level of
resolution in the pg&iphery. This position could be'.
justified by arguing that high>resolution for image
inspection in the periphery is redﬁndant since- -
peripheral points of interest in the image can simply
be moved to tﬁe ceﬂter for closer examination.

In summary, théréfore,'under the constant graip

size apprbach(éll linear radial_transformations'oyer
unit distance should take equal amounts of time,

yhereas‘tangential transformations may be faster at the
periphery than more central ones. In other words/

plot of trénSfo?pation time (y qiis) Bgainst
eccentricit;97x axis) should be gbrizontal for radial
gransformations, and should show either a horizontal or
monotonically -increasing trend for tangential
transformations. In contrast,\qnder'thefvarisé grain

size approach both curves would be;sawtoothed, as

discussed previously. - ~
B N N
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A Varied Resource - Constant Grain Size Approao%__s

‘The two approathes above have both assumed equal

. Y | : . - . o '_. -
allocatlonaof image transforming resources (in terms of;

he frequency w1th Wthh each cell is serv1ced)‘¢o all

; parts of the 1mage.' As mentloned Kosslyn (1980 p

’140) d1d con51der the p0551b111ty of d1fferent1=l
allocatlon of resources but con§1der§d it. unnecessaxv.
Nevertheless, d1fferent1al allocat1on‘of resources
could account for some of the reported flndlngs, such

as the reduced acu1ty for per1pheral parts of the

1mage.' “ S R

If 1mage buffer cells in the" central reg1on were'

allocated more resources, or attentlon then certaln

§ effects on the speed of . 1mage proce551ng should follow.

In partlcular, radial llnear transformatlons should N

X

’gbecome faster closer to the center of the 1mage,

L

'1rrespect1ve of dlrectlon, w1th a p0551ble dlsjunctlon

'1f there is a d153unct10n in'resource. allocatlon. Oﬁé’j'

would also expeﬁt rotary or %angentlal transformatlons

to be faster 1n the center 1nstead of the reverse

utrend predlcted by the constant resources agproaches. ,

* To summarlze thls sectlon under the varled

o resource - constant graln 51ze approach all

-

‘transformatxons over un1t dlstance (and most

28
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particulatlY“#ﬁdial tﬁansformations) should,take.lesst
’ ‘tlme,in'the"center_than in the periphery. .In other
words, a speed (y axisl x‘eccentricityv(x axis) plot
would?Show a positive slope throughoﬁt. | ‘

=

A Varied“Resburce - Varied Grain Size Approach

.
L

-~

The possibility exists that resources are
differentlally~allocated and the grain’size:is varied.,
For example, as the per1pheral graln 51ze 1ncreases ﬁln

'the per1phera1 area) so resourcges: allocated could

. decrease (such as, for example, 1T“the cells were

updated»less frequently)‘ to the po1nt where such a:
system could behave in a way 31m11ar to the constant
grain s1ze, constant resource allocat1on approach by
show1ng a horlzontal speed X eccentr1c1ty,funct10n.for

bothnradial and_tangential transformations.

‘A‘differential resource‘and grain size structure
combines‘the best aspeCts of both " fferential |
allocation appfoaches. The low resolution in the'
‘ﬁeriphery éets'a stroctural;explanation and.resources;
are efficiengly_allocated whthout lncurcinthhe |
‘"distortions which would_he_expecteo.to occur in’

transforming:large objects in the other two,systems."
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The key. to distinguishing between this approach
and the constant gra1n size, .constant resource model
which also predlcts an essentlally horlzontal speed X

eccentr1c1ty funcdtion, is the fact that under the =

varied grain size approaches a disjunction should occur

as_objects moving inwards become'fully fe501ved'and the
need for an 1nverse mapplng functlon ends, whereas no

‘such dlsjunctlon would occur under ‘the constant gra1n

‘size model

-
.

: In summary, under the varled gra1n 51ze, varled
. ]

resource allocatlon.approach all transformatlons over

unlt d1stance should take similar amounts of time

"t Y

‘J B
(though a dlsjunctlon where the object becomes

overprlnted may exlst). In/other wOrds, the speed (y

axls) X eccentricity (x ax1s) funct1on~would be

el « {

essentlally.horlzomtal with a pos51ble d1s;unc%ron at’

g

some 1ntermed1ate eccentrlczty. s

. : s f

Lo

- : ' \\\
Summaryﬁ

: . &
1 ' . a

Eachtof the four approaches above has r;s merits
in terms of eff1t1ency, par31mony or ab111ty to account

for aspects of the data. The approaches are

dlst1ngu1shable in terms of the1r3%red1ct1ons regardlng

the tlme requ1red to perform transformatlons over flxed

% .
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radial and-tangential distances in t¥e image. The

specific distinguishing characteristics are;

l-

. - -

A diéﬁunction or change in fhe‘transformation speed

~function at some point betwéen the center and the

extreme periphery (characﬁeristic.of the varied
grain models, énd possibly true of a vafied' ’
resource model). : ’

The slope qfnthe transformation speed function in

the central-and peripheral areas on each,sigekof‘

any disjunction (characteristic of fhe'varied grain

modeli.

The possib’ility of differences between radial'

versus tangential transfofmationg_(suggeStive 4
1, R #'u : . B
process differences). *ﬁyl

i LT

The next cﬁapter will specify hypotheses which

cover these distinguishing characteristics and-present

experiments which Were,used to test them. e
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CHAPTER 3: THE EXPERIMENTS -

A number of Specifdc.and testable hypotheses flow
out ofﬁfhe dlscu5510n in the prev1ous two chapters. Six
.hypo&éﬁses are presented in: thls chapter, and three‘
-experlments whlch vere de51gqed to test them are
,descrlbed In addltlon, a re- ana1y51s of the data from
one of JolXcoeur and Kosslyn's (1985) studies is - °
d@scr1bed The hypotheses presented in thls‘thapter'
_.have, for convenlence, and where approprlate, all been ‘
expressed in such a way asﬂtolbe.cons1stent w1th a

. constant grain and constant resources approach.

Experiment 1

&,

»

Individual differences are inoreasingly:being

shown ‘to be 1mportant in 1magery related tasks (see
- Y |

' Cooper, 1976 1982 for example) For this reason the

1magery ab111ty level of all subjects was tested and

.- used as a blocklng varlable in subsequent analyses in

the three exper;ments reported here.- It was

ant1c1pated that low 1magery ab111ty scorers would be

" more inclined to"‘ély on other non-image processes

Je.g.,-tac1t.knowledge) in determining how rapidly to

respond, Since these other methods are unlikely to be

- 32 -



eccentricity dependant they are -expected.to reduce any

eccentricity related effécts in those subjects.
L2 . .

K a‘vadﬁhesis 1. . Subjectélwho have low
imagerf abilitf‘scores’will be less
affécted by the locatioh of }ﬁage

.tfaﬁsformations.and will tend to produce
more éonstant transformation speeds across
different levels of eccentricity than will
than those with high imagery'ability
. scores.
Lo ‘ .
The first image“ﬁréeéssing issue to be addressed
will be the issue the timé rédﬁired.to brocéss.céntral
ﬁversus perlpherally extendeg field: general

/transformatlons, as well as the p0551b111ty of 1nward \\\

versus outward transfdrmatlon time dlfferences.



Hypothesis 2. Scanning between equally
spaced elements in an imagined structure
will take egpal amounts of ‘time,
irrespective of whether the structure's
elgpents‘

e remain all centrally located, or
e move /radially in the periphery of the

image.

A finding in agreement with the hypothesis would

'support the constant graln, constant resources and the

var1ed graln varied resources approaches. On the other

hand, if the peripherally extended 1mage-were,.

i

~ transformed more slowly the finding would support the

_ , , :
constant grain, varied resources approach against the
varied graln, constant resources approach and vice
versa if the extended image wervre transformed more.

quickly. _ R f [. _\



Hypothesis 3. Radial scanning between
_ — - § v

.elements of an imagined'structure that

extends far into the periphery of the
1mag1ned v1sua1 fleld will take’ equal
amounts of “time 1rrespect1ve of whether‘
the body of the structure becomes more. or -
less central during the scan. .

»

This hypothe51s addresses the question of | the
\
_relat1ve speed of 1nward versus outward movement of
parts of an 1mage. Under the constant graln size

approaches, the direct;on of travel is 1'relevant since

no changes in resolutiow occur during sc nniné. Thus a
finding of a difference betweeh invard vYersus outward
scanningjtimes wouldvbe‘evﬁdence against those
approacheau~ Under'the varied grain size approacoes,
however, inward travei,ig‘likely tozbe slower because

of the need for memory access to resolfe points moving

’

S . [
into areas of smaller grain size. ‘inward/outward

=trans£orﬁation[time issue therefore rovides a way/of
:differentiatﬁng'betweEn the constant grafn, const nt 
resourEES and varied grain, varied resources

approaches. @ . .
The object.of Experiment i:wa to compare central

versus perlpheral linear radnal image transformat1on

L . -
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speeds in which the whole image is imagined to move
either into.or:out of the periphery (field general
tranéformati?hél. Note thaﬁ?the.hypotheses refer to
’the effgct of tﬁe eccgntr&tity (centralzor peripheral)'
of all of the elementg,;while a subject scang between;
particular elements in the'strucﬁure.‘ This was’
accomplished by timing how_lbng subjects took to'scan
bétweeﬁ points in their ‘images of simple stimvlus

§

figures. The points in the stimulus figures were
_ . \

arranged five degrees of visual angle apart and were
'spread out in suth a way that relatively central  and

relatively eccentric scans could be compared. .

@

~

- Method

Subjecis

[

Twenty three male volunteerg'from the Uniéersity of‘
Alberta cq?mﬁnity were paid $5.00 to participafe‘ Of
the 23 subjects tested, two -did not finish in the hour -
allocated,zon§_§i§rnot_ﬁpi}qy”the instruction? properly

" and two others were unable to get a visual,
"picture—like"‘image 6f the test stimuli. ~The data

from these five were omitted, leaving 18 subjects for

.

further analysis.

b



_wMaterials
Stimuli. The stimuli vere hade from white
Lettraset letter "O"s‘ihereafter described as rings)
approximately 3mm in diameter. The fingSKWE?e arranged
on black cards in various pattérhs and presented in a.
frame, level with the subject;s eyes. The subject"s
d@in $XS'he1d on akghin rest which was adjusted sa-that
”tha;stimdli'were atualdistance of 340mm, The rings in
a}l'sﬁimqli were arranged with adjacent ringsv31 mm |
apart -or 5 degrees of'viaual angle.. o

Four dlfferent stlmulvs cards were used The card
a4

used for the practice items had three rlngs_Krranged in

a triangléii The three éards‘used in the actuyal test.

' each had four fingé’arranged aé{illnstra;eq in
Figure42. .On the firs;.fést cafd they were arranged in
a’hofizontal 1ih;, 3i ﬁm apart. ‘bn)the second test
card they were vq¥t1cally arranged\ also 31 mm apart.
Flnhy, on the thlrd test card they were arranged in a‘
.square pattern,¢with each S1de of the square measurlng
31 mm, These particular layouts were selected to allow
comparlson between efrformance on 1mages which extend
aé}oss_a.max1mum of'15 degrees of ylsual angle .

(Patterns 1 and ‘2) versus aﬁ%imagé which extends across

only 7 degrees (Pattern 3)!  The horizontal and
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Pattern 1, ' Pattern 2. . Pattern 3.

- ]

i

I3

Figure 2. Patterns for presentation of. target

objects in Experiment 1.

vertical -arrangement of Patterns 1 and 2 allow
comparison with fhg horizontal and vertical sides of
Pattern 3.

Imagery Questionnaire. Marks' (1977) Vividness

-

of Visual Imagery Questionnaire (VVIQ) was used as a

measure of imagery ability. . .
& . ' . o
Response recording. The subject was provided with

a panel with‘two.buttbns~bonnected to. an IBM PC. - A

¥

"computer program specified the item sequence to the
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s 9
‘experimenter (who called out instructions to the

-

subject) and timed and recorded the reSponses. 7

8 . ’ AN

‘Procedure

The full 1nstruct10ns used in all three exper1ments are
“
prov1ded 1n Appendlx A Only a precis is given here.

G

The subjects were first given practice on a triangular
stimulus. The subjects Qere asked to examine the .
stimu&ﬁs card until.they'were able to form'a Tcleaf",
stable mental image of the “fings" on the card with

. their eyes closed. ~ The three rings were verbarlf
\‘1abeled’"1"-te "3 clé%kyise around épe triangle, .with
1 being at the top

Once they were able to form a clear 1mage‘of the

rings the stimulus card was covered w1th a blank
masklng card. Then, with their eyes closed the
subjectsAwere asked to imagine themselves looking at a
black dot as it moved "as quicKly as possible"‘bethen
a specified pair of rings.. They weée asked to first
eoncenfrate en thé start position, and zhen vhen they
vere ready tiey had to press the left hand button on
the response panel. Immedlately upon pre551ng the
button the subjects Were asked to 1mag1ne that they

-

could see. the dot mOV1ng. It was- stressed that they:
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should not "lose sight" in their image of the moving '
dot, nor of any.of éhe rings at any time. As soon as
the moving dot had régched»its target the subject had
to press the right hand button to end the trial.
At any timelbethen trials the subjects were

permitted to open their eyes and look again at the

stimulus card (the masking card was removed on

U :
nequest)v/ In the practice items the subjects were

asked to scan in a connected sequence to each of th

three rings in a random route that was read out by the
experimenter from the 'computer. For example, a given
subjéct.might have been asked "Scan from”ring 1 to ring
31k\"Scan.from ring 3.to ring 1", "Scén from ring 1 to
ring 2" in turn. This exercise (three scans, to éﬁch‘
of the rings in a random sequence) was repeated éixlw.-“
times, with e€ach sequence, or route, constrained to be
different from;the previous one. Subjects were then
offered the opportunify of repeating these pfactice'
items. &

Oﬁce the sﬁbjects felt comfortable with the task
and all their questiéns answered the three exﬁégépental,
stimulus cards illustrated_in}Figufe 2 were introduced
in a random sequence. The stimuli vere presén}ed in
the same’way as the triangulaf stimulus on1§ each case

the subjects were asked to scan the route 1, 4, 1, 3,

~o
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1, 4, 2, 4, 1.‘FThis route deliberately included rings
1 or 4 in every scan, so as to keep the maximum
peripheral eccentricity”of the figure constant for
every practice itém on a given figure.,«

9

Once these practice items had been completed the

» v

main study was begun. The test trials were presented
in four blocks with a rest period between each block.
In each block the three test stimuli, and their

Q *

associated imagined movements, welgpresented in a

random order (constrained to bej ent from the

order in the previous block). EJEest figure was

shown to the subjeét in its tur;, and.the subject was
asked to examine it until he could form é mental image
of it as before. The stimulus carﬁ was then covered
and thé'experiﬁenter called out a coghected s@én route
detailed in Table 1. This route has the following
characteristics: it has two halves which wvere
concatenated iﬁ.a randoh order, the dot mo?e-distance
was never the same twice in a row, the dot
move-direction alternated as much as pos;ible, and
every inter-ring inter§§l was crossed equally often in
. each qizection. For patterns 1 and 2 there were six 5

degree scans, eight 10 dégree scans, and four 15 degree

scans., For Patterh 3 there were eight 7 degree
B M . . '
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diagonal -scans, four 5 degree horizontal scans and’ two
. . - . . ‘» A )

5 degree vertical scans. - ' . B T

‘ﬁkﬁ‘

pable 14 . T

. scan Sequence Used in Rings Experiment

-

part

. Move “a ... B-

1- 1 -4 : 4.~ 1

2 4= 1 1= 4

3 1 -.3 4-- 2

4 3 -4 2 -1 »

5 4 -2 1 -3 ]
6 . 2 -3 .y 3 -2 l
7 3 -1 . 2.~ & ‘
B - L=02 : 4 -3

9 4 2 - 4 Y/ 3 - 1

Note. Parts A-and B were concatenated in a random’

-a
K

order. = ..

- . When each subject had completed all the test items
- . a blank sheet of paper was iﬁéerted‘iﬁibjthe'stimulus-

'ﬂﬂframé and-the-;ubjectbwas{askea t0'dréw thé'original' .

2 , oy .

. stimulus figures exactly ‘the same size as he remembered ¥ :

x
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- them. Flnally the subject was given the VVIQ to

gomplete at hls own pace. e o fv‘

¢ )
Results

The meahs and standarddd%?iatiops of all the data

are provided in Appendix B. All of the analyses

reported below were performed with-mixed design

analyses of‘variancerusing BMDP. In each Case the‘_b

subjects were blocked accordlng to VVIQ score (51x
[J

subjects in each of three group%) and the subjects
ﬂ ' <

 recal1 of the actual size of the stimulus flgures (the

¢

'verage 1nterfr1ng dlstance in all of their drawlngs)'
3 ;.covarlate.
analy51s was of the time taken to scan

andV15 degree\gaps in Patterns .1 and 2,
by each of th three VVIQ groups.

The de51gn was 3 gap
. VR
s1zes X 2 pattern or1entat10ns X 3 VVIQ groups w1th the
. i 2
remembered flgure Size as the covarlate.

7, 5

The results

d in Table 2. Ag 'in most ‘imagery-related -

e ;studies; the effect of ‘the absolute. dlstance scanned

- was s1gn1f1cant ( 34) = 21,69, g < .01 (Greenhouse

uGelsser} but the effect of the covarlate (remembered

size), the VIQ score,_the f1gure orlentatlonm(Pattern
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"1 versus Pattern 2) and the 1nteract10n terms were not

®

s;gn1f1cant (p > .05). S .

Table 2.

The Effect of Scan Distance and Pattern on Scanning Time,

©

Scan Distance'(Degrees'gf visual angle)

Figure _ 5 10.- 15
pattern 1 592 . 847 1027
pattern 2~ . 596 853 . . . 1014
) ‘
c't_ ' ‘ co
Hypothesis 2 refers to the effect of the =~ -

ra LY

" eccentricity'of:the whole figure during_scanniﬂg,meh%

effect was analyzed by comparlng the t1me taken to scan

: o
across the center gap (rlngs 2;3, and 3- 2) in the

B horrzontal ‘and vertlcal flgures (where the most dlstant
rings are “at most 10 degrees from the flxatlon p01nt)

'V ': ?u “4
‘with the time taken ,‘Ascan*across the s1de gap (1 2

2-1, 3 4\ 4-3) 1nmﬂ§g two flgures (where ‘the most
'dlstant rlng es 15 degrees away) ,' The,de51gn was

" therefore Slde Center X Horizontal- Vertlcal X 3 VVIQ :f,;;.

groups, w1th remembered-81ze as a covarlate. Theggfp



P | s
requ1red to scan across the eccentrlc gaps (M = 5942ms)
was 51gn1f1cantly less than the tame to scan across the'
central gap (M = 606 ms, F(1, 15) =_4.69,5p < .05). The 

covariate;‘VVIQ, Figﬁ}e Orientation, and ihteraction

effects vere agaln not - S)gﬂlf?Cﬂ £
&)\ o

“fﬁélghe tlme to scan the

The eccentr1c1ty

finding was validated bjjc:
sideAgaps of the, herizontal and vertlcal flgures (M =~
594 ms) w1th the tlme to scan. the correspondlng
horlzontal and vertlcaL 51des of the square flgure, ie\
which the most dlstant ring 1s at most 7 degrees from

m\ *

the flxatlon point, dlagonally across the flgure (M =

s). The design for- ‘this analy51s was therefore
re (Extended  igure versus Square'figu;e) X

'&°~iehtation (Vertjcal—Horizbntal) X 3 VVIQ*gfoubs, with

‘remembered average figure size as the covariate. The .

3eccentricity effect was;again significant (F(1, 14) =

13. 29 P < 61) and no other effect was significant. |
The effect of the dlrectlon of scannlng, whether'“

inwards or cutwards, was tested in an ana1y51s of

variance of the time to scan only the outer gaps on the

vthorizontai,and-vert%tal figgres (since the

-inward/outward conCept makes no sehse in the case of

14

all'the‘other gaps). The de51gn was Inwards -Outwards X

—

‘Horlzontal -Vertical flgure x 3.VVIQ groups with the
_remembered_Flgure Size as-the covariate. The effect-of

gy
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the inwérd/éutward_direttion of scanning was not
significant (E(1, 15) = 2.08, p =‘f17) but‘fhé values
obtained are at 1easﬁ suggestive (see Téb;é 3).l The
effect of‘?ﬁé covariate, vvIQ and figure o?ientation
. el \ |

. \
was not significant,

Table 3 | T

Invard versus Outward Scanning“Times.’
‘ v

C e

JaSéimulustiguée

L
_ ‘ R 4 -
Scan direction Horizontal  Vertical . Mean
| - - &5,

. ’ . R =
Inward - ‘ . 604 605 . 605
Outward . ’ 579 588 - . 584 .
.‘:)',

Discussion

The results obtained in this experiment shéw that
- the time. required to'scan'across‘imagined)gaps is
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lnfluenoed not‘only by the absolute distance scanned,
 but also in some ways by the rest of the flgure which
makes up the image, but .is not part of the partlcular
scan., lSpecifically, scan time is a functlon of the
. distance between .the scan route and the rest of the -
f1gure, such that scans in wh1ch the most dlstant point
is '15 degrees away from the scan route take less time
‘to accompllsh than scans ‘in wh1ch the most dlstant
.p01n% 1s only 10 degrees distant.. These data are
therefore consistent with the idea that the functional
cell size in the periphery of the image substrate is
larger than ih the center, or that it requites,less
time or effort tolupdate the locatigh of peripheral
parts of the image. Of course other interpretations
: are'possihle, the most obv1ousrof wh1ch is that less
attention is allocated to eccentrlc parts of the image,
thereby freeing capac1ty for proce551ng the remaining
parts. Clearly more data are needed, In part1cular a
. range of levels of ecoehtticity on dlfferent kinds of

tasks would be more informative. : v
Ekperiment'Z

In Experiment 1 the subjects were asked to track
™ R : -
an imagined "black dot?tasiit moved across the- image.-

-y <
S



Slnce they were to 1maglne themselves looking at' the
~dot as it moved (holdlng it in a mental fovea, so to
speah), the location of the bulk of the pattern in the
image iyﬁnges Wlth respect to the flxatlon p01nt during
each trial. This is what Kosslyn'referred to as‘a‘,
field géneral transiofmation.' The‘findings in .
‘ﬁxperiment 1 do not necessarily'generalize to loca} or .
region—bounded transformations in whi_hvonly a small
‘part of the;image move with respect §£ the fixation
-point._Fuftherﬁore;’if .e findings of* Experiment 1 do
not generalize to local transformations, then the
1nterpretat1on of those results will be drastlcally
. affected Experlment 2 was therefore 1ntended to test
.vfor eccentr1c1ty effects in local or region bounded
transfotmatlons, and to provide a range of degrees of
eccentr1c1ty for closer exam1nat10n of the eccentr1c1ty
,effect.‘ It should be noted, therefore,_that in this
' experimentrtheaobjedt of interest‘is.the‘eccentficity
of a part of the image, not the whole 1mige as 1s the
case in Experlment 1. -

The experlment was de51gned to test two hypotheses

which:are prov1ded.below.
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Hypothesis 4. If an object is imagined to

move radially at constant speed across

. equal intervals which arj/;{ different
Qisﬁanées from the cente 6f the‘image;

| .theltﬁme iaken'to traverse fhe interval

\\will,bézjyal'for all ievelé of

eccentricity. » -

-

Hypothesis 5. If an object is imagined /)'

" to move radiaiiy at cansténf speed across
equal intervals‘which are at diiﬁerent.
'“distances from the ceqtér of the image,
the time taken to traverse the distance
will be'equal for inyafd.ﬁ§§fh§xand
LET

" outward moving steps. “ ' y

Results in agreement,with'Hypotheses 4 and- 5 would
shpport thp'COnstant grain, constant resources and
varied Qrain, Qéried resoﬁrces approaches, wheréas'
under the constant grain, varied resources approach the
. peripheral traﬂsformatidns shoﬁld be slower; and under
the varied g}ain, constant resources aﬁproach sne would.

[

“expect peripheral transformations to be faster.. '&@,;

These hypotheses were tested by having subjects.

imagine a "ball" to move back and forth between
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imaginary points arranged two degrees of visual angle
apart, and positioned between two and thirteen degrees

- from the fixation point.

Methdd
Subijects ?
\ Twenty four male. volunteers from the University of

Alberta community Wére,paid $5.00 to participate. The-
suhdécts were all underdraduate psychology students.

0f the 24 subjects tested, three said'they wefe unable

to imagine the scene required a fourfh ima
sce\e from a perspect1ve other than the one 1nstructed
a fifth had difficulty 1mag1n1ng ‘the scene and did not
_complete the task. in the allotted time, and equipment
problems prevented a sixth from'finiéhing in the |
&allotted time. These six were omitted from ‘the study,

-~
P

leav1ng 18 subjects for further analy51s.

AMatefials
] -
Stimuli. The stimuli were made from black lines
‘and straigh£ pins with colored heads‘erranged‘on;a 360.

mm X 180 mm board as illustrated in Figure 3. A yellow
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4‘colored‘pih at one end of the board repreéented,the
subject. ‘Radiating out from the'subject pin were a'eet
o}'radii extending to an arc 340 mm from the subject

”.pint The rad;i extended to each of four pihs which
were.positioned}i degreeg’of visual angle aoart (from.
the perspective ofwthe subject pin). fhese four pins
wvere descrlbed as "player" pins.” The rad11 also
extended to another four pins on the’ arc, These red

.“,

colored "f;xat1on p1ns were p051t1oned 2 and 8 degrees
to the left and to the right of the’ player p1ns. The
result was such that from the persbect1ve of the
sub]ect pin, eight other p1ns could be seen at the end
of 340 mm radii. ~These pins yere so arranged that all
inter—player angleé were~2 degrees, and that each‘
inter—playerAspah was 3, 5,vor 7 deorees to the left or
right of the inner fixation pins, and 9, 11, or 13
degrees from the outer fixation pins. ‘

Imagery questionnaire. Marks' (1977) Vividness -

of Viigay ImAagery Questionnaire (VVIQ) was used as a
measure of imagery ability.

Response recording. The subject was provided with

a’“panel with two buttons connected to an IBM PC. A
computer program specified the item sequence to the
expefﬁﬁ%nter who called out instructions to the subject

. and the computer timed ahd recorded the responses. -

-



> “Fixation® pins
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: 1
"Subject” pin b S
~t 4, |~ "Player’ pins
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2 degrees

-

Figure 3. Experiment 2 stimulus array. Note that

4

on the actual apparatus no letters and

numbers appeared<

-~

o

Procedure

~_

The full text of the instructions is provided in

Appendix A, When the subject was seated he was shown

an image on the computer screen of two upright pin :

shapes approximately 20 mm‘apért.

After a click sound

from the compufér a ball shape (four adjacent pixels in

a square) moved at a constant speed in a parabola

A

4
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betwegn two pin figures. The ball took approxigpately 2
seconds to make the transit., After a few secon |
another click sounded and the ball travelled;baé\'to'
the first flgure. This was repeated five times inN all,
The subject was told while he was watch1ng that this
as an image ofvtwo flgures playing a,ball game,
Next the subject was shown the board apparatus

illustrated in giguré 3”ahabthe‘in§tchtion§ were -
>given. The sugjectS‘were shown the apbarétds and asked
to hold it in such a way that they could see what the
subject pin'could see (i-e. with thé subjéct‘pin near
th one eye). The four player p1ns were given the names

P

Player 1 through 4 and thevsubjects were told that they
‘ , , ,

‘would be' asked to imegine,a‘ball game going‘on, with

j

the ball being thrown in an ‘experimenter specified

~ ok

sequence, between the player pins. "The fact that the-
all of the pins were'equidistant from one another and’
equ1dlstant from the subject pin was p01nted out. ane
the subjects understood this, they vere told that their
‘task would be to._ 1mag1ne the ball movements while
flxatlng the red fixation plns wh1ch were given the
"labels A through D. For example they.wgre.asked,
"Fixate Pin A. Imagin; the ball to be thrown from
player 1 to 4, (Subject Operateé the timer) Player 4 to

.

1," and so on. -

pu
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The subjects were then instruoted that when they .gﬁ
were ready to imégjne a given ball throw, on a route “~_
~specified by the experimenter (for example from Player
1l to Player 3) they should press one buﬁion.' o .
Immedlately upon pre551hg the button they were to )
1mag1ne the ball to be thrown. As soon as the ball was

1mag1ned to arrive at 'its target they should press the
other ‘button. | ‘ ‘

The subjects were asked to choose which of the two
puttons they thought was the start, and which the stop
button. All chose the left button to be the start |
button, and the right button to be the stop button

During the 1nstructlons the subjects were allowed

to examine the apparatus from any angle, but were told

to 1maglne the scene from the perspect1ve of the
N

subject pin, They were glven as much time as they

wanted to examlne the apparatus and attempt to formNthe .f}

image. Most were able to understand ‘the 1nstruct10nsfi;;
and reported that they could 1maglne.the scene within
few minutes. Three, however, could not. Those who
could not imagine the scene filled out‘the VVIQ &nd
were released. ;.’

-

Once the subject reported that he was ready hé wa

¢
s
S

g

asked to close hlS eyes and 1maglne the scene. The

subject was then asked to fixate p1n A, B, C, or D %g

¥
¢
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random sequence while imagining a ball being thrown
from player 1 to 4, 4 to 1 and SO on over a connected

route, préssing the buttons as appropriate. ﬂ'I‘he

complete route 1§ described in Table 4.

[

Table 4

Scan Sequence Used for Practice in Experiment 2.
. A

Move B _ Route

1 1 -4
. 2 4 -1
3 1 -3
' 4 3 -1
5 1 -4 ﬂ J
6 A= 47
; $IR \
o® - 8 4 = % :

v

‘ The practice route was selected such that the ball

. léfwéys travélled‘4 or 6 degrees (note that only the 2
degree move times in the test ials were analyzed).
‘The subjects were alioweﬁ to repeat the practice items

as often as necessary until they werg comfortable with

the task. -

The test items were presented in 4 blocks, with a
rest be;ween each. In each block there were four sets

iR
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of, 1tems one for each of the four, flxatlon plns whlch

were\selected 1n~a.random sequence. In each set the
: subject was asked to\¢1xate a partlcular flxatlon p1n

Y

T in hls 1mage,\and whlle flxatlng the pln, to 1mag1ne
the ball to be thrown along the same 18 step route used
in Experlment 1, detalled in Table 1.. At any t1me

between sets the subject was permltted to examine the
nodel agaln. v o : ’_(; L _“n o -
Once he. completed the test trlals the subject S -

1

I

heaﬂ was placed in a frame and a. blank sheet of-. paper
was pos1t10ned 340 mm in front of h1m. ‘He was then
S b

asked to dﬂQw the relatlve locatlons of the player and

~

f1xat1on plns as they would be seen from tbe
*
tperspective of thE subject pln.
~ .» Finally the subjects completed the VVIQ, ‘were

’paid,‘thanked, and released.

:\f — o T . ’_VRe_su’l_tSv - -~

- The means and standard dev1at10ns of all of the'"

A:data are prov1ded in Append1x B. The~ball movement

:

=t1me f two degree mogements was subjected to a mlxed

-

tde51gn analy51s of var1ance "and’ the 51gn1f1cance of -

S

{3y 5, wiu - l3—?egrees avay from the

; - . . ! : ) - g ) . o . ‘ . .
e e R . R et oo St :
*® ’ _ - N : , X ’ AR 4

' é(ileffects was calculated The design was'
3



fixation point without regard for‘direction) X -

X 3 VVIQ groups. The results are 111ustrated in

:f.

Figure 4 and 1n Flgure 5 The main effects of e

eccentr1c1ty, movement dlrection‘and VVIngroup were

 not.: s1gn1f1cant nor were any of. the 1nteract10n terms.

Slnce some of the models descrlﬁEd in Chapter 2

sSp c1frcally predlct a d1sgunct10n in the movement
2 ‘ P

- times X eCCentr1c1ty function, and changes in the shape

- of the functlon at dlfferent levels of eccentr1c1ty,

- the data were tested for onthogonal polynomlals The
quadratlc component of the eccentr1C1ty factor was
s;gnlflcant‘(ﬁ(l, 15) = 10.29, p‘< .01) as was. the’

_interaction_hétﬁeen the-inwards/outwards- factor and the -
~ quadratic compOnentgofveccentricity (F(1, 15) = 8.31, p

Tﬁ@ 1nteract10n between the 1nward/outward factor‘
'and Eccentr1c1ty is apparent in Flgure ‘5. The 1nward

mov1ng thes show less quadratlc effect than the

¢

'outward mov1ng t1mes. The effect is nonetheless
rellable in both curves as ev1denced by the fact that

the 5 degree time for inward mov1ng 1mages,1s

'significantly longer than the .. 3 degree time (E(Z{ 58).
= 2 38 p < .05} and the’ S degree tcme (F "58¢‘=‘
2 27 p < 05) (both caiculated by means of SCheffe s

P } \-‘5 E) o
L : * C T, e
[ TR ?

Iy

g
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Figure 4. Movement distance effect.

" F). The same is true for the outward moving images,
with the 3 degrée times“béing significantly.fasteq than

all gther angles together (E(2, 58) =2.2218, B < .05)

s
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Figure 5. Inwa}d‘vergus-outward movement. time.
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and the 7 dégree tlme significantly slower than the 9
degree t1me (F(2 58) = 2.448, p < 05) The ‘ ,
interaction between the inward/ootward and e&cent;icitf
faetors is Therefo;e primarily‘due to.thé fact that‘the
3 degree.and 7 degree times for inWard versus oUtward
mov1ng 1mages are different, with the 1nward t1me at 3
degrees non-significantly slower (F(2 58).-,2.719,‘9 <
M@ .10), and non—s;gn1f1cantly faster at 7'degrees (2(2}
':sa)-'= 2.93, p < .10). | | | |

Discussion _ S
: : : . e
é ‘ N L -

The central flndlng in this exper1ment is a quadratlc

Meffect in that the-tlmevtaken to imagine movements is

greater for movements at'intermediate'eCCEDLricitiesf

' arOund five to seven degrees; than for central and

- - ~

} perlpheral movements. This effect is rel1able in both

1nward and outward movements, desplte an 1nteract10n

&

wh1ch suggests %hat ‘the curve mlght be flatter for

N

;31nward'movements. ‘The hypothe51s of equallty of

movement time can therefore clearly be regécted though

gl

#full SR

.AdISCUSSIOH and 1nterpretat10n w111 bewheld off untll
— B .

the next chapter.
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Experiment 3

T

v

The previous two experlments 1nvolved 1mage
transformatlons in wh1ch the 1mage, or parts of it,
%

moved dlrectly towards, or away . from the center of the.

i
l

;mage buffer. To clinch the issues ralsed }n the first
two chapters, however, it istnecessary'to show. that the
eccentr1c1ty effects seen ‘jih Experlments 1 and 2 are |

ke e

also true 1q‘the céEE& of non—rad1a1 transformatlons, or
fimaoined movémenmsrwhich are at right ahg&es*to**‘
hypothetical{radii‘éktending out from the_imaginary
fixation pdini. Experiment_g'therefore provides'a test
' of Hypothe51s 6 which' is prov1ded below. . ;/ |

- Hypothes;s 6. If an‘object'ls imagined to

An

fall from a constant hEIth at various

2

hor1zontal locatlons, the tlme taken for

the falLang object to be amaglned to reach
the ground w1ll be: constant, irrespective:

‘of the horlzontal eccentr1c1ty of the

1maglnedwevent. L

" The quesflon belng addressed in Hypothes1s 6 is

: the speed of tangent1a1 transformatlons as opposed to

the radial transformatlons of the prev1ous hypotheses.

Under the constant gra1n, ‘constant resources and varied
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grain,_varied resources approaches the hypothesized |
outcome should eccur.. On the other hand, under the

’ -variedygrain,‘éonstant'resburces agproach one would
expect the peripheral tranngrmations to Be.fasier, and
‘under the constant grain, varied reeources approach
they would be expected to be slower. As diecussea
previously, however, tangential transformations such as
-these might be overlayed by en operator’whiéh serves to
reduce the torsion feSuiting fromffotafy

’f ansformatlons by slowing centrai rotary RS
transformatlons. As 3 result an outcome whlch shows
the peripheral transformations tolbevegually fast or
faster will have to be interprefed‘w;tﬁ.caution; On the
other hand, if the perlpheral transfor;atlon is found
to be slgwer, it w1ll constltute particularly strong
evihence for the varied resource approaches, and -
againetlthe constant grain, constent'reSOurCeSJ
épproach. . - | : | ._

o EE _ :

In the‘experiment-designed to test this hypothesis
isubjects were asked‘fo fixate.a point=on a sereen
before them, whlle 1magln1ng objects to move vertlcally
.downwards through visual angles of two, three or five

degrees. The movement‘dlstance and eccentr1c1ty was

manipulated by providing movement start and end points
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¥

on the screen, and§§§§ time taken to imagine the
 movement was record®d as before.

vy
. . N B
. . ¥ K . . ) B .
Ll N .
. ' o~ A
£ e . - .
. . . .
N .. . :
. .

Method

Twenty eight male volunteer undergraduateszfrom
theVpsychqlogy.department were Eaid $5.00 to '
patticipate, Of the 28 shbjeets run, five were unable
to-finish in the hour allocated due to‘therlength of
the task, three werevﬁnable to create or maintain the
.image required and two did not, or vere not able to
fo;lew-the instructions properly. ‘These ten wefé
omitted,-leaving 18 subjects for furthetvanalysis,

5

Materials -

A “frame was used to hold the subject s head 340mm
from a black and whlte RCA monitor. The experiment was
controlled by a pr%?ram runnlng on an IBM PC,

St1mu11. The st1nall wvere Images llke that 1n '
Flgure 6 presented 340 mm in fr* of the subj’ect s -

,eyes “on the m0n1tor. The galn oh-the monator was

adjusted such that the two horizoﬂtal lln%& were
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r

- vertically separated by a 2-, 3-, or'5-degrees gap, and

the llnes_yere approx1mate1y 32 degrees of visual angle
from end to end. A small fixation point was-located at
the exact middié of the figure and did not move

throughout "the study; | L ey
,= As illustrated in Figure d!'from the top

horizontal line a line extended upward for two degrees

of visual angle, and dlrectly below it a similar. line

Y

extended downward from the bottom horlzontal line.

'These vertlcal lines were p051tloned either 1mmed1ately

above and below the flxatlon point (only durxng«the

instructions) or‘multiples of 2 degrees up to 14
degrees to the left or to the right of the fixation
point.

imaqernguestionnaire. Marks' - (1977) Vividness

of ViSuai Imager? Questionnaire (VVIQ) was used as a

‘measure of 1magery ab111ty

e

Response recordlnq. The subject was prov1ded with

+

a panel w1th two buttons connected to ‘the computer

.‘whlch recorded all button presses and time lapses{

Procedure

"."The full text of*theinstructions is provided in

v

. ..Appendix A. . Only a prECisﬂis-given here.
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Figure 6. Experiment 3 stimudus

At the beglnnlng of the: se551on the’ chln rest was
f1tted to the s;hject and the screen set the correct
distance away. Then, whlle,the‘sub]ect s‘pead was |
still correctly positioned, 8- demonstration examples
were displayed on the screen. In the demopstratlon
examples the horlzontal lines were shown on the. screen'
3 degrees apart,_and the yertlcal lines were po51t10ned
immediately above and helow the fixation point. After a
1 second'pause~a tone sounded and a\dot appeared to
move down from the top vertical line, through the
flxatlon p01nt, to the lower vert1cal 11ne, taklng

about  one second for the transit. The subject was

asked to flxate the point in the mldd}e of the screen'
, . _ ; .

-
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while watching'the mb%ing point which was described as

3 fall1ng 'ball. ﬁ‘ : f.z‘

i ’ ) :
At the conclus1bn of. the demonstrat1on examples

1

the subject was told that he would be asked to look at
_the fixation p01nt on the screen (eyes open) wvhile
imegining "a’ steel ball or a raindrop"lfalling between
the two horlzontal 11nes, from the top vert1cal line to
"the bdttom one. The subjeqt was 1nstructed to 51gnal

. his readlness bj pre551ng the left reSponse button.‘
Immedlately upon pre551ng the button the subject had to’
1maglne the hall to be released from the upper vertical
llne.i When the ball was ;maglned to reach the bottom
‘._line he wes to press the right band button. |

Next the subject was given 17 practlce items us1ng
the buttons as discussed above. In the prattice items
a;l‘}4 hor1zontal drop eccentf1cities, and all three
drop distances were bresented.

The test items were made ‘up as follows. The 3
-verticel distences and the 14 different horizontal
~locat10ns prov1de for 42 unlque 1tems. For the test
trials the full set of 42 test 1tems was blocked, and
.the block was presented in individually randomi zed
order, 5'time§ over. The item§ were presenteéiin half
blocks of 21, pteceded eacb time by two dummy items {12

degrees. left and right of fixation, three degree arop).
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After each half block the subject was permitted to rest
his eyes as long- as he wanted. |
'Finally, once the subject had completed all of the

items he filled out the VVIQ at hns own pace.

*

~

-~ ‘ . Results . S

<3 .

“Phe. means and standard deviét}ohs of all the daﬁa
are provided in Appendix B. The data were subjectgd to
a mixed design analysis of variance, and the
significance of the polynomial components of the
eccentricity effects was célculated;‘ The -design was
?écentricity (1, 3, ..., 13 degrees from the-fixation
.po{nt, irrespective‘of direction) X drop distance (2,
3:ﬂ5 degrees) X 3 VVIQ groups. The results are
presented in -Figure.7 and Figure 8.

The main effects of VVIQ group and Eccentricity

ﬁerﬁ‘nbt significant at the p=.05 level. The drop

distanee factor was significant (F(2, 30) = 55.44, p <

.01 (GregnﬁbuseLGei§sef)) with longer drop distances -
taking lpng;r tozimagine. The Drop tiﬁe also
in@egacted with the VVIQ group faétor (F(4, 30) = 3.78,
p = .041 (GreenhouSe—Geisser)) but thewdrop distance-n
'V.efﬁect is in fhe same directibn féfwgll,threthVIQ

groups and the simplé main effect‘is‘also significant .

&4

[
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Figgre 7. Drop distance effects - -

- ~"‘“,' ( .
in afgzkfses (E(2, 30) = 42.307, 8.0226, 12.6826 for

the low, medium and high VVIQ groups respectively, p <

+

.01). The 51mple main effect of the VVIQ group

factor, on the other hand, does not reach the p = .05

Pu

1640 T T T T — - *
0 2 4 6 8, 10 12 ‘14 .
Eccentricity {(degrées) é?{

Figure 8. Drop time eccentricity effects -
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Tevel for any drop.disg%nce. The interaction term thus
reflects only a difference in the degree of the

‘distance effect for the three groups.

R
"

.- As might be inferred from Figure 8 there is a
significant quadratfl component to the eccentricity .

factor (F(1, 15) = 5.12, p = .039).
.- o . 4

.

Y

W

D{écuésion

- The data in Experiment 3 show the usualldistance o
effecég found in most mental travel experiments, .plus a
non-linear eccentricity effect. The data are o
particuiarly‘convincing in this experiment since the
span ;hat thé imagiﬁed object was to cross was visuallg

presented during the task, thereby eliﬁinating the

possibility that it was the distance of the imagined

-~ -

- move that was distorted and caused the effect.

The task in this éxperiment’is extremely Simple,A
since the sﬁbjecﬁ has only to imagine the fallihg
dbjéct. All other parts of the scene are provided on -
the screen, 'From arproc%ssiﬁg poiﬁt of view, the
imager has qﬁly to iﬁagine the ﬁbvement of a single
object in_q,straightlline, the locatidn 6frwhich is
- specified Qisuall?. .The subject does not have to

manipﬁlate.or even refresh other parts of the image.
. 0 S ,
7.
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This is in striking congrast to the previous
experimeqts'ih-whﬁch the subjects had to hold

. everything in memory and were specifically instructed
to not "lose sight™ of the other parts. Despite this
differenfle’ in the processing and attention
requirements,dthe results are essentially the same in
all of the eﬁperiments. In addition thefaiowest point

around 7 degrees, 1s the same 1n all three experiments.
4 “‘
PN . 7‘ . -
A - )
ﬂ_,Extef%al Validation
& S -
f . '“v »oo, A

Ecceq@rlolty '‘effects were found in all three of
% .
. the experlmenus performed in thls 1nvest1gatlon As a

3

klnd of external v‘lldatlon of thezresults, I)sought

experlments that I found seemeﬁ to be very su1tab1e for
a comparative analy51s, but the standard map scann1ng
method flrst used by Kosslyn, Ball & Relser (1978) does
prov1de eCcentr1c1ty dati, though it is somewhat D
confoundéd w1th the absolute distance effect

Accordlngly, the data ‘from Experiment 3 of Jol1coeur N
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v %nd Kosslvn (1985)1 were re- analyzad 1n terms of  the
Do X . .
effect on- scannlng t1me of the relat1ve eEcentr1c1ty of

dlfferent parts of. the 1mage.

.

¢ o Method. o Lo

Y ‘ A

“In thefr experlment Jollcoeur andfﬁosslyn (1985) had 4

BN

ﬂgroups of 12 subjects, each w1th its. ‘own experlmenter,i
'study a- hypothet1cal map of an 1sland w1th seven

locatlons marked on it. 'They studled Ehe map untll

u .
’they felt they had an accurate 1mage of the map and

[

’were able to reproduce the locatlons oF the seven i

'1ocat10ns Wlth reasonable accuracy The subjects wvere

then asked to 1maj_'e the map and focus on gartlcular' -

looatlons "whlle keeplng the entlre map ‘in' view . in the

LI

mental 1mage (Jollcoeur and Kosslyn, 1985 P 322) and
aé_then track an 1mag1nary black dot as 1t mozed as fast
o as p0551b1e to other named targets. The subject jA?

pressed a/button to 1nd;cate when the dot arrlved at

the target on. each’tr1al | r_: ~*: . : ,*"
' ‘ The four exper1menters in Jollcoeur and Kosslyn s
| e »
ol s study wvere glven d1fferent expectatlons about the
e - f*ﬂz, . '_“ 'if' Sl o ': .
el .,’ . L \ >~ : o - . - : .:- ’ .
e AR ' ' Sl 0T

o Thehdaﬁa wépeﬁkiﬂ51Y‘SUPPI{Edé?ydPiefre:JoiiEoeﬁr
gl s T

o



-__assessed;f The eccentr1c1ty measure for each . .,

. . . . . -
.- ~ . . * N K .

,OUtcome ofvthe experiment -= without effect. W

‘Nevertheless, the four experlmental gneups have been
kept dlstlnct in thls analys1s. In another part of
;the1r~study theﬂsubjects scanned vislhle maps;vas
'opposed to imaginaryvones} but those data have no,.
~beaang'on‘the'present.study | ‘ _‘ - ?rﬂ,,a

For the present analy51s, a measure.of the

4

‘,’eccentr1c1ty of all locatlons from & glven scan route

was calcuiated 3nd its effects on ‘the scannlng time

»

'1nter polnt scan was - taken as the average dlstance

[

between the both the start and the f1nlsh p01nts and

all other named p01nts on - the map. For example the

‘ 'Lake Tree gap 1s the"Bhgrtest dlsgancs thab people vere -

L N #‘&a‘gﬂ c . W%’ &:'
Qasked to mentafﬁy scai’ on the ﬁaﬂﬂ%n ollcodhr an

_Kosslyn s study. The JCCentr1c1ty metrlc for thls :v

’

8 .

route was calculated by averaglng the d1stances between,

.
o the Léke andoeach of the 5 other named¢p01nts ‘on the

"~map (other than the tree) ‘as well as the average

- : . -
f“f.dlstances between the tree and the other 5 po1nts.‘_To

.

be’ sure, this metr1c 1gnores the eccentr1c1ty of

un- named parts of the map Lthe coastllne, etc) and

Y. v

,1gnores the fact that the eccentr1c1ty of the named

lotat1ons from a glven route changes as one scans along

,.q

Ty

;7;the route, anq that change 1s a functlon not onlv/gg/

7
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the average-distance at the start and end points, but

~ 3

ot & ' . b ' . \ . . .
?“alsow§@<the orientation of the route-with respect to:
the location. NeVerthelesSf'these limits and‘sources.'
. : _‘r;r " .

of addltlonal n01Se should serve to bolster the

K
m-.

Acred1b111ty of any 51gn1f1cant results obtalned

3

W
) ‘It was mentloned above that the eccentr1c1ty

.
- %

"effect is to some extent confounded w1th the dlstahce

'effegt That 1s, because of the way 1n wh1ch Jollcoeur

s,

and Kosslyn arranged thelr map £w1th short spans in the
N center and longer spahs crossang the center), there is

2 correlatlon of r = 84 ( r 70% overlap) bet@%en thelr'
~'

\§‘ dlstance measure and the route eceentr1c1ty measure.

L4

For this reason the lxnear effect of dlstance'w%s .ﬁ?
‘,_arlthmet1cally removed from the data prior to the '

L

analy; It would not have\been p0551ble otherw1se to
'fguarantee the orthogqnallty and~pur1ty of~the ‘ -

polynomial contrasﬁs; That is, the best f1tt1ng 11ne‘

«fox t1me agalnst routwtance was Calculated in

' Py
Jollcoeur nd Kosslynks data, and the predlcted t1mes’

© 'weré subtr cted‘rrom thexr.data. .Having removed the ’;i
N : N
dlsrajce effect from the data there is no questlon of -

F B N
1nte§actlon between the contrasts and llnear '

distanceirelated effects., There are of course certaln N
_‘ ». . w— .
consequences of thlS adjustment whlch I w111 eturn tOrpb
¥ : , -8 -
‘ v

' ‘in the ‘discussion. L R

NS S . . . ) - ‘ . . . -_I '



"Results

T

N 3
The megﬁg and standard devxat1ons of all 'the data are

e

'g1ven in Appendlx B. Figure 9 1llustrates-the {

-

relatlonshlp between the re51dual RT and the

' eccentr1c1ty of *the other Ob]ECtS in the map The
figure d1splaysvtheacharacterlstlc shape foundfin

~ Experiment 2 and 3 of this study-(hote, however, that
- ’1- W ‘ )

the unmts on the X ax1s in F1gure 9 are ﬁbt degrees as

> O

~p71c4ty flguresk;>
3. , e b . °
A y

Residual RT

A (S T R U

> o Eccentric‘ity (cm ftom‘end points);. ‘ g

_Figure 9. Eccentrlczty effects -in . Jolicoeur ~ and

, Kosslyn's data (affer the removal of" the
linear distance effects).

The data were analyzed by means of a mlxed des1gn

“)

~apa1y31s,offvar1ance_ustng,BMDPL’ The de51gn was route
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‘1
ueccentricity (21 levels) X 4‘experimentaiigroups, with
- the residual‘Rfdas thehdependent variable. As in
Experlments 2 and 3, ortho%onal polynom1al contrasts

were performed on the eccentr1C1ty effect (corrected

Y

for the non- monoton1c1ty pf the eccentr1c1ty var1able)
R
ne mlght argue- that the prlor removal of the llnear
Lo -\"- e
'effect of dlstance r‘educes the degrees of fre‘m of

rf't varlable, apd so one’ degree of freedom in

"r was. Bh glven up This adjustment makes
P -a‘ l’

d

no dlfference to the results 1Q thlS case, however.

The expeflmental groups ef?ét&wwaSsnot 51gnlf&cant
KF(3 '44) = ’72 p > .8) but hhere was. a signx‘?cant |
effect of eccentr1c1ty (F(20 879) = 3 99 *% < 01\\\‘- ﬁw

-~

(Greenhouse Gelsseskcorrected)) Whlle the. llnear
_effect of eicentr1c1ty is ndt 51gn1f1cant (F(l .44) =

.25,'p > .5) Nyt see below) the quadratlc cub1c and

‘ quartlc effects are all s;gn1f1cant (F(1, 44) 15 16,

9.14 and ;4.09\respectlve;yp,p'<',01). -

o " . Riscussion
\ . ’

The. results from this re;analYSis of'Jolicoeuriand
n
Kosslyn s data show the same trends as found 1nwm¥—ewn-

:studles. That is, transboﬁﬁatlons in whlch the,bulk of /

the 1maqe 1s relat: y central or relatlvely

¢ Sy
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.
L

eccentric are qu1cker than those .in Wthh the 1mage is =
at an 1ntermed1ate é1stance. o .

The confounding of eccentricity and distance in

~the present analy51s has twvo. coggequences..Flrst it

means that in remov1ng the llﬁEar effect of dlstance’| .

i ﬁmlﬂ *
from the data, I have also removed thelllnear p.r‘f WA :j

of the effect of eccentricity -- hence the lack e

-]

<

linear effect'ln‘ire data. More generally thou-:ﬂ

confoundlng means that 1f this ff‘i _nt'were v1ewed

in ibolation'rather'than in‘tha \

;just reported,: the effects found e eccentrlcity could

4 . L4
’

~all } ttrlhyted to polynom1a1 dlssance effects. In

fact, orthogonal polyﬁomlals based on the dlstance of

each route explaln almost as much of the variance
(12 25%) as do the polynomlals on eccentru’l‘? (13. 93%)

in the flrst 10 polynomral components (caﬁculated
ccordlng to- the method&prowlded 1n‘i@ers, 1979 p )
85) . . ) wj i . . L4 l'

'Theﬁaﬁes?fﬁﬁsiof-distance—aEJdaose Qe‘sus
1ecceng51c1ty as- cause are 1nseparable un thlS context -
and so 1t boils, down to a. matter of plaus1b111ty of one
- model over the’ other.‘ On’ﬁﬁb face of it the two are.
equally plaus;ble, bs there ase two factors Whlch
welgh the. balance somewhat Flrst there is the pr1or <’t
predlctlon of the eccentr1c1ty effect as aga1nst the |
5 :

SN



% the‘point the eccentr1C1ty metf:a accounts'for

AN

l
t

fact that current theory of mental scannlng makes no

"‘p‘ > *

prov151on for polynomlal distance effects. Second is

o
i SO

marg1na11y more. of the varlance of the data.

"

In- conclu51on, Jolicoeur and Kdiflyn S study

. serves as an external va11dat1on~of the eccentricity

‘”;effects found in my ‘own three exper:mdﬁts.

. _ .
" ] R . & .,
. . O

. o
S
c,-7 6 T‘?‘“&.“_

~
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b In the flrst feﬁ paragraphs of thlS d1scuss1on 1

w111 rev1ew the results of the experﬁments in the l1ght

‘ -

of the fog _‘l hypotheses set out Rln Chapter\ 3.

S » T i
’ [ S N ¢

~ C

" g

Thereafter I w111 dlSCUSS the more genenal 1mp11catlons

i_ﬁ?dlfferent p0851b111t1es "for the image substrame rals g‘
1n Chapter 2 Flnally, 1 will speculate on Lhe brodder ay
theoret1ca1 1mp11cat10ns “of the results, and dlscus§

 somevof the research qoestlons which flow from this.

work., = s . v

I3

- . . '

transformatlon tlmes.; The subjects vVvig s&ores were
:’used as. a blocklng varlable in. every‘analy51s,,but 1’
llrjnu case was a 51gn1f1cant eﬁ4e£t of VVIQ score foun
'-Oi‘course thlS does not mean to say that a° VVIQ ef ect
woold not be found in experlments spec1f1caliy de51gned
:tO'deteot such, an effect, as opposed to 'the present'
*?study whe;e the test was made merely to redUCe a
| p0551ble sourcé of error varlance. o
‘ (7Bypotheses 2 4! and 6 in. Chapter 3 ‘all refer to

o ‘the effect of eccentr1c1ty on transformat1on @1me in.

'mental 1mages In Experlment 1L\f1eld-genera1 scann1ngj

. "f : T | T
v oL T A = 1T = o ‘-

. o . o . ' »



.

k1

vmost distant parts gere 10 to 15 degrees away. In

7(1985) scan time .

aexperlments‘;%

78

time was significantly longer for those inter-point

spansgin which remote‘parts of the image were between 5

‘and 10 degrees away than for those scans in which the p

i ! : i
Eva -4

Experlments 2 an u& transformatlons at moderate levels

"of eccentr1c1ty araung 7 dégrees also took longer than

eceentric transformations d1d

more eocentrlc ag gg

: 91@3, ' b
Fin&ﬁ&y, in the rg,ah x§2?§ of Jollcoeur and Kosslyn 'S
\“

' T‘s1gn1f1cant polynomlal effects of

éccentr1c1ty wer, d. Forma;ly speaﬁﬁng, therefore,
? ’ .

;the three hypotngses can be rejected because an

'Y . EY Y . ,-ev‘(‘ w~ v
eccentricity effedt was found in all four of the

Hypdthéﬁ@}d3 and 5 refer to the relatlve speed of
inward. '\Qépgﬁ OuM“l'transformatlons. .In Experment 1

* [
there was no- 51gn%5}cahtnd1fference. In Experlment 2
‘A. - .
there was a 51gn1f1canta5nteractlon between the .;*.

----
.

dIrect1onwof movemenﬁ and the quadratlc component of
eccentr1c1ty such that at around ? degrees of
! [ J

eccentr1c1ty 1nward transformat1ons were faster than

outward, whereas more centrally the reverse was true.

~ .

\‘_Overall, therefgre‘»the results on the question of the

¢ - inconclusive.

~effect of difection of movement are suggestive; but

v

9
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To summarize, the experiments have all shown a
non-linear, eccentricity—related image processing
effect. i‘? Ghapter 2, fbur'comblnatlons ‘of varied

versus Constant Graln 51ze, andé varied versus Constant
- , ’3‘
Resource Allocat1on were dxscussed It was noted “there
that constant graln 51ze would result in a horlzontal
. 1@»

' J_Transformatlon Time X Eccentr1c1ty curve, and that the

'allocation of extra processing resources to the central .

area, of a constant gra1n 1mage substrate. would speed

-

central proce551ng at the ampense of perlpheral

process1ng, resulting in a curve Wthh is upward

. sloping The experiments repo;ted here clearly do not

-

support the constant gra1n p051t10n (1rrespect1ve of

Ly

resource allocatlon) as the more eccentric parts of -

-

the curve are downward sloping in all four experiments.

In discussing the likely,eﬁfects of varied grain

size and constant resonrce allocation in Chapter 2 it

'was'noted that the sYmplest method of moving vparts of‘

an 1mage, the totﬁé transfer option, would result 1n a
linear downward sloplng transformatlon t1me X /Q
eccentricity function. The data clearly do not'supporf
this approach either as quadratic effe@tsuwere’found

in Experlments 2 and 3 as well as in Jolxcoeur and

' Kosslyn’s (1985) data. Of all-sthe comb1nat1ons of

4

grain size and resource allocation considered, the data

q

N—
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i
are COnsis::ht¢only with the models which postulate
varied grain size and constant resource allocation (the
check for overprinting option and the check precise
position option). / - ‘

of coutse, the fact that the data are consistent ’
with the constant resource;«’aried grain size. model in
‘no way prove; the valldlty of the model. | I.will trf;
nevertheless, to estébllsh the plau51b111ty of the
' modg% hy explorlng ‘what one can conclude from the data.

Under” a propositional approach (e.g. Anderson,

'1983),'the present results would be explained by
. ., LY . SF

lreference to'some‘aspect offthg prooessaﬁgwof the data,
}‘ . . '. . | - . S . .
or some other confourding issue such as the tacit °

knowledge of the subject. I will examine the

. s

processing explanation first, and then look at ¢ he

questlon of tac1t knowledge. S " )

Under the prop051t10nal approaches the spat1a1

-
L

location, speed of ygvement,_and élstances of 1maglned
'objects‘are'all symbolically represented.‘ As snch the

dlstance of an object from an 1mag1ned fixation p01nt'

makes no dlfierence to the proceSS1ng of that point. -

That is, the add;tlon or subtractlon of 10 unlts of

dlstance to ‘a varlable representlng the eccentr1c1ty of.f

—

an object (e.g., in imagining movement of an eccentric

object) should not be affected-hy Ehe,startlng value of

" | "
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the distance variable, yet this islwhat seems to happe;
in the case of Experiments 1 and 2. Furthermore, in
the case of ﬁxperimeht 3, the eccehtricity variable
hardly changes at all (since the eccentricity of the
falling objects remains more or less constant, —
part1cular1y for the more eccentric objects) Only the
relative helght of the imagined objects changes, and
.yet the magnltude of the distance appears to affect the
processing speed. There seems tO»be no explanation ‘-

which can be based upon purely symbollc representat1ons

: of the parameters 1nvolved N

\.' '

The most common criticism leveled at the mental

_travel studies is that the subjects"tacit-knleedge-of

physics, or of the goals of the experiment, makﬁ.{hem

“ produce the diétance—related,feacéion times so commonly

‘~found. In the case of the experiments reported here W

L

there are no physical*reasons (outside of the tentna}
nervous systemh for differences in transformation time

as ? function of eheueccentricﬁty of parts of an object
' - ' . Y . [ . , ‘

(viz. Experiment 1 and Jolicoeur and Kosslyn, 1985) or,

of the mov1ng object itself (viz. 'Experiments 2 and

i
Vi

3).- Furthermore,.to prealct the effect obtalned

requ1res a thorough understandlng of Koéslyn S theery,

and its more subtle 1mplxcat10ﬁ§1‘~ltaseems unllkely

that my subjects, all of whom were undergraduates,

L4

- i

3

-



‘would have eeeﬂ'ebfe'to bias their responses so
consistently. There seems little doubt that the effect
Py .
is real.. The only question is what causes it. |
, " A variant of the varied resource alloeation model
‘is égrfollOWS. It could be that in processing images
.the’brain may“éeenomgze on~§?9qessiné effort by‘giVing
less attention to'objects imqgined t? be more than a
‘certain distance from the imagined fixation poiﬁt
.(1qge§pect1ve of wHether distance is represented in a
propos1t10nal or gﬁalogue manner) . Alternately,
vrésources may be dlluted by belng _spread over a wide
area, 1rrespect1ve of the-number of objects i® that.
drea {(an 1d!mfwh1ch only makes sense 1in an andlogue
BE SN s

model). Since the sub]ects were 1nstructed (in

Expefiments 1 and 2) Aot to lose sight of the other

oy

objects, they were ‘effect told to give attentivn to

;all parts.of the .{mage. This distribution ot attention,
tover‘a'wide area .¢ould slow the processor, leading te

,the 1n1t1al increase in proce551ng time found in_the A
l stud1es reported here. Thenr/for pbjects 1maglned to (

;_» be stlli fprther from the f1xat10n polnb1the bra1n

B L SR L i s, R
s 3;3; y;"pxe'up and 1gnore the i&@z t?x{rBE1ng AR

h&‘x "

é@ayrceﬁ wh1ch would speed pro&ess1ng.' The latter;;l

woufd then lead to the decreases 1n proquS1ng time

\ :
fo&hd for more eccentr1c 1tems. \ "

« , . Y. <
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'This'argumentvﬁéy be-piéusible in the case of

’ )
¥

5

iExperimenf~1 and Jolicoeur and Koﬁslynlf work because

in those studies there were a number of\ eccentric

objects which the subject could safely ignore. 'In the

case of(Ekperimenfs 2 and 3, however; there is only one
part of the image where any activity occurs, and where

" attention (as opposed to gaze) is required. Posner
(1980), Posngr, Nissen and bgden'(1976), and Remington
(1980} haveééhoyn clearly that attentieri can be easily
'shifted away from the point of fpcusﬁin visien, and
Pinker (1980) has shown it'in imagery. There'seems no
r%agqyfwhy the subjects would not have been able to do
so in this case. Furthermore, if they did "g1ve up"
ang{stop attendlng to the one and‘bnly mov ing part of
the image-in the more eccentric items, it seems

| ’unlikély that their fesponse t imes would produce such a

consietent and»reliable curve.. Attention differences

¢

therefore, seem an unllkely explanaxlon of the present
3 “"& R

f1nd1nga L ‘ | ) 11”

The analogue model explalns the data-
ﬁar51mon10usly . Notw1thstand1ng Anderson's’ (1978)
p01n$ thapgawpr ﬁos1txona1 algorxthm could be wrltten .

- fo prov1dé‘5ny de51red outCome, the prior predlctlon of ‘
1rrengar1t1es in the transformatlon tlme/eccentr1c1ty

. L4

function on the basis of an elaboratlon of an analogue

3



model outwelghs the fact that the prop051t1onal:- u.K
appfbach can be‘mod1f1ed~to accommodate the finding |
(Hayes Rohn 1977). On the ba51s of the‘data avallable B
I would argue that ‘at _the very 1éast, the brain does
employ a functlonally spat1al medlum 1n mental 1mage : &
~proce351ng.' For conven1ence I w1ll contlnue to call 1t,’
an 1mage buffer after h;;slyn (1980) The. 1mage buffer
does nqg neﬁfssar1ly deplct the image, ‘%nd does not,
necessar1ly contain all the 1nformat1on necessary to
fully descr1be the - eﬁper1ence of the imager, but 1t is
used at least as-a scratch pad in the\course of 1mage'
proce551ng, and contains at least skeletal place—holder
.,1nformat10n represemtlng the spat1a1 location of |

. 1maglned objects. For example, a g1ven part of an
object or scene, such ds a partlcular motorcar in an"

o |
1mag1ned street scene, would be represented in the

) 1mage buffergby perhaps~as llttle as one or two w‘t

' markers, llnked in some way to a moﬁe complete ',;

representatlon 1n memory of the object being—

'prepresented These markers eould be moved about in the

1mage, 1n areas of hlgh or Low resolutlon w1thout
neces r11y belng more completely resolved but the1r

close assoclat1on with the deeper representat1on of the

object 1tself would provide the capab1l1ty to -zoom: 1n,‘
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. -
- ?
td

. as one seems to ‘be able to do mental 1mages, ox to f111
/

in some of the m1551ng data w1thout zogmlng.
The processor probably uses each marker as a
remlnder about the ex1stence of an object or bart of

the object in that locatlon, and then uses separately

N
A

‘stored 1nformatlon'about theﬁobject\s movement

d1rect10n- veloc1ty, axis of rotatlon and so. on to.  »

r

calculate the new locatlon of ﬂhat point after the
/ L 3 LY

/
-'cycle. /Since each point is treated 1nd1V1dually,
51gn1f1cant dlstortlons as a result of the substrate
graln size or dif erentlal speeds of pafts of rotat%pg

o ob]ects do not occur. ‘ ,{, c .
) «
In those cases where the marker- 1s not fully

“*"reSOlved and 1t is be1ng transferred to a new

-

locatlon, then an 1nverse mapping process is needed to

‘determlne whether bhe resolut1on of the marker" should

change during the/move, or not,‘»T is extra process of
: / gfﬁ

”-cOurse‘takes-time,'1ncrea51ng thé* total time requ1red

to update the Amage. Note, however that thls 1nverse

3

mappyag exerplse is" necessary only{gn the reg;on that -

u\

is not fully resolved " and only when the cell 1s belng
altered [hs an object is 1maglned to -move 1nwards it
moves ower smaller and smaller cells and therefore

. / . .

needs to be moved to a new cell more and more

frequently per degree of v1sual angle. " The 1nver5e

,ﬂ



, resolved-area,of the buffer under Kosslyn' S/mgdel).

A

i v
-l ——

mapping process’is ther&fore used more and more” °

\.;. .

frequently ThlS 1ncreases the load on the processor

g1v1ng rlse to the 1ncrease 1n proce551ng time between

e A,
13 and 7 degrees of eccentrlc {y that was found in the
N\ , N ' '
experlmehts. . S - 'k _
Once an’ object is fully resolved: at the chosen

level of resolu§1on 1t probably moves to a nev - cell on

every cycle, but the 1nverse mapplng functlon 1s not -
) &

 needed since no further 1ncreases in: resolutlon are

wanted (note the d1scu551on in Chapter 1 of the fully
This reduces the processihg'effoft Ileadihg'to the

reduced process1ng time seen for more central

-

transformatlons 1n Experlments 2’'and 3 and in Jollcoeur*

and Kosslyn s (1985) data. , .t

/%ntll novw the 1mp11cat10ns -of the results from

imagery researCh have had llttleki§paCt on f1elds other

than the general field of spatial - ognltlon. This isi

no doubt - largely because of the fact that the close

.

parallels between 1magery and theﬂphy51cal world have\

meant the effepts of the use of iﬁagery could not
easily be separated from the effects of physical laws .
and tacit knowledgefof thoseelaws., These new findings

suggest a means .of making that distinction, since now

. we know ways.in which images do not behave in exactly

’
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the same way;as the'physical world, and~so we can. now "

~ Yook for that those effects 1n other aspects{of human

Bl

behav1or. For example such 1llu51ons as the Tunnelf\

ﬁ1llu51on in whlch a p01nt mov1ng towards and through an
"opaque tunnel appears. to have slowedeown in the -
tunnel or to take - too long to emerge (see for example
aWenderoth and. Johnson, 1983) can be explalned by
reference to this model of "the 1mage buffer. |

| In the qase of the Tunnel 1llus1on the subject.
figstvv1ews‘a point gov;ng at a regular rate towards( -
. the tunnel. The tunnel at that'stage is relatively
'leccentrlci (or the p01nt is, if the subject fixates the
tunnei) ;ndvso the;subjectvlearns‘the speed of‘mov ment
Aof\the pointbwhilz parts of the~d}splay are quitd?f
‘from”the fixation point.,;When the dot moves into the‘
tunnel and subject ﬁas to 1mag1ne the movement to .
continue, the tunnel and 1nv151ble p01nt are centered,
'1n the 1meé e, andztherefore less eccentric. Under thoset

\

psent research has shown that the

: LA

circumstances, th
1mage fs more quzéklﬁiprocessed and so one would expect
fthe 1maglned dot to arrlve at the—exlt of the tunnel)
ahead of t1me, Whlch is préglsely what happens.) The
_test of the appllcablllty of the present theory 1; -
whether it could accurately predict new flndlngs. _Thus

~for example it will be 1nterest1ng to test whether the

ot
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" Tunnel effect alsappears when the dog’ traéﬁ was at a-

;engent to a h othet1ca1 llg\ from the. fixih}on po1nt.
Another 111u51on which can be explasked by . the'

present finding is sometlmes known as Pirks Camel

.‘iliusion. This is the apparent compression of figures

seen“moving behind'a~nafrow S1it (or anorthoscooic

percept{on, see for example Anstis and Atkanson, 196],
Rock, 1981) In anorthospoplc percept10n9exper1ments
,:the subject learns the qovement speed whlle viewing all‘

“the avallable 1nformat10n at o

1nce

the slit masks everything else. - The sﬁbject.ha to
imagine.the_object as it moves beyond. the ;slit|to mqge
1

eccentric é}eas} and then draw the shape of the Wwho
. 5 ~— - B - .7 .
object. Noting the present finding that imagined:

movement- of objects initially slows, oneAﬁight_predict-

that the subjgcts estlmatlon of the true shape of the
object would be shrunken along the ax1s of travel. It
is partlcularly interesting to note ShlmOJO anﬁ' .
Rlchards (1986) finding that per1pheral_ylew1ng can

leaa to elongatlon, agaln as one would predlct from: the

present results.’

Fn conclusion, the present researchdhas identified
a non-linear eccentr1c1ty rélated 1mage process1ng

\effect. This effect -is con51stent with an elaborat1on

‘o
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- of Kosslyn s (1980) analogue model of the 1mage buffer‘

and the results validate some of his aisumptlons. The

VAN
results cannot(readlly be explalned in. prop051t10nal

. -
terms and prov1de ev1dence agalnst a strong . ! ‘

.

, proposztlonal p051t10n.~ The results'havefbroad and,

rd

exc1t1ng 1mp11tat10ns for a. number of unresolvéﬁ

guestions ih ;mage}y and percepthn research,
:gartjeulérlyiin;the areas eg'iilnsiqns, speed and
distance eStimatgg&x ana the nature of the imaging
'Subsﬁratef_ . | | ~

S - |
‘fl‘\h ' ' l.ﬂ.s
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APPENDIX A. SUBJECT INSTRUCTIONS
The foliowing general introduction was used for

Experiments 1, 2 and 3:

In this "series of étudies ye areAlooking‘
at how people create and manipuiate‘visual
images., The studies are intended to
extend the findings of some other
important imagery studies, and to quiher'
our knowledge| of héw the mind encodes and
transforms visual scenés. Please feel
free to ask any questions at any time, and
any comments or observaqéons_yqu may have
1'd realiy liké to heargét Eﬁéxend qf our
hour.  The report of the study will 5e
comp;eted by July and you are very welcome
to contact me or'Dr, Friedman if yeu‘d
like ég see'%t. 1'11 give you a haﬁdout
'later.that has our names and office

numbers.

I am going to ask you to create a visual
image, or mental picture of various

scenes, and imagine specific changes to

- 123 -

’
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those scenes. Do you know what I mean
when I say "visual ihage"?
Tk
In some cises some discussion was required to
. <

: . . S “
reach a common understanding. The similarity between
the experience of having a mental‘image, and actually
seeing something (as opposed to imagining oneself to be

seeing), was emphasized.

H

-~

This is not going to .be an easy task, but
what you~will be asked to do is imagine
the scenes and press a bﬁtton in a way
which I'will show you to %ndiéate when you
have a cdlear image of the scene. -Of
course we have no means of knowing-.exactly
w?gt is hapﬁening in your mind aﬁd soCI'd
like to-.ask yourfcooperation in trying to
maKe this study a success. You can ‘best
help us by 'making sure that your images
are as cleat andﬂvivfd as you cén while

.you are doing the tggks.
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The following relates specifically to Experiment‘

‘This part was used for the practice items:

On the screen before you are three rlngs

‘arranged in a trlangle.' ThlS is rlng

i

*-ﬁﬁmber 1, ,2& 3 (clockw1se around the.

.'screen) I would like you to have a good

‘ftry to form a. mental 1mage of the r1ngs as;

: look at the rlngs on the screen and then

‘they appear on the screen., What is

important.here_is the relative 10cations

of thetthree rings, rather than tow the‘ ,

,Sﬁ themselves ‘1ook. Close'ygur{eyes-

" "and do that now. Tell me when you have a

~ clear image of'the'threehrings.

-When

‘thé subject reports that he has the image:

3 ,
Vé!’ .
v -

- Now 1maglne all three rlngs, but 1maglne

&

‘ yoh were looklng dlrectly at the rlng
number “1" " In. other words, 1maglne you.

. were looklng at number . but could st111

-

O

;-
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y L .
see the other two rings w1th your
peripheral vision. ‘Can you 8o that’l
t Now tmaglne a black dot shoot1ng as’
trapldly as p0551ble from number "1" to
‘number "Zﬁw Your mlnds eye should shoot
along with‘the 7pt'unt11 you are 1oqk1ng,.

at- number "2", | OK?

a
'.'Now,imagine»the\got shooting as fast as‘,f- '?
possible to number "3", but remember to

keep your.eye on the dot itself, while not
leosingwsight of any of-the rings. in your

peripheral,visiom.,'OK?

“And back to fZVt-,OK?f
Great; You can opeh ydhr eyes now. - For

the next’ trlals I'm going *  ask you to
use‘these buttons. I will tell you whlch
way.the'bléck dot is to move. and you press ;‘
the left‘buttoh tbbsﬁgnal when you are

ready to 1maglne the dot moving. . N %ﬁ
rImmedlately after you have pressed the |

«

button you'Should imagine‘the dot moving‘



as fast as possible in the direction I.

told you. Whenlyoh haveﬁimagined the dot. - &
tb‘move all the way. to the new position,‘n
'w1thOUt 1051ng sight of the other rlngsw ‘
then you press the rlght button to stop
'the timer. In other words 1 ll\tell you
where the dot 1s to move and when you are
‘ ready you press the left button. , . .
Immedlately upon pre551ng the buttbn you
i should imagine a black dot shoot1ng to the
targetfvand press the right hand button -
when it gets there Remember.to keep. your °
eye on the dot but do not lose s1ght of
any of the three rings while’ the dot is ‘;/

moving. OK? - . <

y: .
il .
. Lo
4

Lastly, if you want to have anbther look

at. the figure between trials just tell me.

and I'11l show 1t to. you agaln.z You may
only look between tr1als, however. =D2ring:
gthe trlals I woulg ;1ke yo to kqu your |
eyes closed.

- . ‘

. At this point the practﬁte items were begun.

@
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Experiment 2

Y. The general introduction to this experiment was’

‘the same as to Experiment 1.

On the screen hefore you is a picture of
'gwo pins which repreSent’playefs in.a Qame
with a‘muiticolored beach ball, and'as you
can See, the moment the computer beeps a
ball is "thrown" from one to the other. }-
In this study you are 901ng to be asked to

-1maglne a number of such pins, w1th a

beach ball passing between them in the

same way. i .t : '

& L S . B
. . R

3

At thls point the screen was blanked and the -
subJeCt was shown the three dimensional model descrlbed

in the. body of the thesis.” The subject was told the

vpih'identifiers'(numbers or letters as in Figure 1) and

.asked to 1dent1fy p1ns in a random sequence until he is

qulte fam111ar with the labellng. The subject will be

encouraged to examine the model from any. p051t1on, and

to‘yiew ‘the "player"” p1ns from the, perspective of the .

“subject“_pih. Next the subject was asked to .imagine"

R
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7

the whole scene from the’perspective of the "subject

pin",‘andjto look at each element in turn.
. . | o oy
[ ) ‘ \ ) : 5

gy&- Now:I want you to imagine the fixation pin

~ »
v is pin "B" in your 1image just as 1t 1s-1n
;. o : -~ ’ '

the modél~rﬁght now. ~Please close ydufn
eyesuéqd imagine tHe-scene;" imagine you
are looking, at the fixation pin, but can
see all f;ur of the "player" pins in.your

peripheral vision. Please tell me when

" you have that image.

G:eat,?now, withoutbldoking away from the
fixatioﬁfpoint in yoﬁriiﬁége 1 Qant’you'td;
imagineva prightly batterhed beach ‘ball o
being‘thragﬁ £ rom pin one'to pin foﬁf.
. Try‘tothke your image of .the moving ball
‘as clear as possible, and to see'it in
your peripheral vision mOQihg_all the way
thfough~£he air from pin ohe.to pin‘four.
:Piease tell me when the beach ball reachés
.Lts tafget; | |
OK. Now imggine it moving back to pin 1.

~*Remember to keep your "eye" on the
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fixation pin. In addition, do not lose

130 -

bl .
3

" sight of any of the other pins as you

"watch the beach ball travel through the

’ 7 . .
air. Let me know when the ball reaches

pin 1 in your image.

Great. You can open your eyes now. For,

“the next trials I'm going to ask you to

“use these buttons. I willhteil ‘you which

way the ball is*to move and you press the
left buttbn to 'signal when you are ready

to imagine the ball mov1ng.. Immedlately

. upon pressing the button you must ihdgine

the beach ball mov1ng through the air to
the target i told you. When you have

1maglned tge ball to move all the way to

*the new posltlon, without 1051ng 51ghtrof

‘the other pins, then you press the right

BN |
button to stop the timer. In other words;,

I'11 tell you where the ball is to move
-and when YOdtare ready you:press the left

‘button.:. Immed1ately you should imagine

the beach ball thrown to the target and

press the»rlght button'when it gets there.

‘Remember, howeper, not to lose sight of



131

any of the four pins while the bali is

moving. OK? ,

()}

>

Any questions vere answered in full. Questions

qh}ch referred specifically'to ball speed were answered

approximately as”followszlé\\\\

What I'want to know is how long it takes
td imagine the beach ball moving bétween
the pins, so the issue is the image, not *

-
other considerations,

Once the subject was comfortable with the task the
\pgactice ftems were presented as detailgd in the ggdy
of\ﬁhe thesis. The subject was allowed to inspec§=tﬁe
Eodel only between‘trialé, and specifically when the -

fixation-ppint was changed.

E - Experiment 3,%

a - } { o
The.general introduction to this expériment was
 the ‘same- as to Experiment 1.

ok : - {

‘On the screen beforé you.is-a picture of

two horizontal lines which represent the
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- ‘top and bottom‘of an open spack. As you
can see, when the computerﬂbeegs a dot,
vrepresenting steel ball, or rain drop, o
"falls" from the top to the bottom>of the |
oﬁen space.’ The ball always falls between
the two vertlcal 11nes.
A display detaiLed in the'hedy of the thesis waslw

presented.

In this stS;y you are going to ‘be asked to
imagihe What-you see en the screen. That
is, you may look at the screen, bht i want
you to 1maglne the ball falling across the
: gap and tell me when your imagined ball
reaches the bottom llhe. Have a look at
theiscreen now, and keep yoﬁf eye on this
fixation poihtvin the middle.+ When the

’

computer beeps'please imagine the ball

"falllng and tell me when the ball in your

image reaches the bottdm.

K
S

v

Two such introductory trials were run.

7 . T
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Great! You can relax a bit while I

‘exg;ain the next part. ‘The\reét ef the
‘trials in this part are very similar tgi

what &ou have *just anei These two | ‘
vertical lines QillJbe moved between

tria;s to some;random‘lecation, end you

must still fmegine’the ball to fall

hetween them. That is, if the lines are

at thevside hefe,.you must imagine the

> 4. . 4
ball ‘to fall here. 'However you must

continue to look here at the fixation

-po1nt in the middle while the ball 1s

falllng. Don t,let-your‘eye wander during

a trial. {t'is also important that you |
don't lose sight of. the ball in your .
perlphegal vision whlle it is fall;;é Try

to remain aware of where the ball is
-throughout its fall. T .
What will habpenkis the vertical lines
will move eovsoﬁe or other diffefenﬁ
location, and’&henAydﬁ are-ready to _::“.C;
jmagi@e tﬁelmoQing baiL, and are lookiny
“at the fikatiop point yohfmus;vpress this'

left button to signal you are ready.
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immediately upon preesing,thefbuttOn you
must.imagiﬁe the ball to start-falling. ( - N
As- soon as the ball«reacﬁes the bottom you -
musE press the right button to stop the

timer.  OK?

Any questlons were answered and the 14 practice

items were presented

/

>

'OK. Now the next ones are pretty similar

3
3

with one exception. In these the size of

fhe gép on the screen is going to change.
Sometimes it will be larger than it is nmow g
}and semefimes smallef, Your task is still
to. 1maglne the ball falllng across- the gap
that you see, however :big it is, in the

locatlon 1nd1cated by the vert1cal llnes.

OK? f?y a few.

Six tadditjonal practice items were presented, two

at each of the three\ball‘drop widths (2, 3, and 5

degrees).

At the completion: of the pfacﬁgce items the
' remaining itemsawere p%esented, blocked as indicated in .
the body 6f:the proposal.

¥
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