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Early theories of space perceptipn were cue theories that explain ‘;';-fifi k)

the three dimensional experience of the physical world in terms of an 5%?"h_“'2;
L S Cle

intervening inferential process.. Boring, a; cue theorist, denied the ;#.‘
so—called perceptual paradox of’converging parallels and suggested that.
‘11, the perceived convergence of paxallel railway tracks and 2 the | |
perception of equal separation of the tracks require distinct attitudes e
of observation. An'%ttitudinal system, 0 ‘was . assumed to provide for :
.: veridical perception based upon cues from a gensory systgn R »coupled with j
‘ inferences based upon other available cues.:": vh Vs; s f_']l . 'tidiii;h‘hv.”
Gibson (1951) however, suggests that the perception ogﬂspace'does 'ihiita
: not depend on the concatenation of cues but rather is directly perceived i
V" asg veridical ‘80 long as’ thg visual world is not impoverished.‘
-1;‘~t‘ Boring (1952) claimed that the results of an’ experimental paradigm si f‘
d:!called the "alley experiments" @rovide empirical support for his theory et

about the function of systems R and O In the tnaditional alley

experiments two constructions arg\regpired of the observer. In one, the»
pfaralle;,alley,)the observer adjssts pairs of stimuli at successively o
nearer distances so that the pairs appear to form two straight, parallel
: lines extending away in front of the observer.- In the distance alley
construction, the observer adjusts the 1ateral or transverse separation
between each pair to appear to equal the transverse distance betWeen ;, B
'h the furthest pair.‘ For both alley types the pair at the greatest ;%//ffib
distance,remains fixed to serve as an. anchor for judgments., The traditional

report has been that both alley constructions demonstrate convergence of

stimuli near the observer and Boring accepted the often-reported result

v




/:ﬂthat the distance alleys lie outside the parallel alley settings..i

"However, a review of the alley literature reveals that the alley '
»:carried out under reduced viewing conditions mitigates against firm
;have biased the possible range of settings.;
ITContrary to previqus reports alley type differences did not result. fThe"'

_1ack of alley type differences suggest that Boring was wrong and this g

*,result also has implications for Luneburg s analysis of visual spacp.

";"Accommodative retinal advance . Miles (1975) suggested that this

‘phenomenon may account for the alley errors but when we repeated the
"’agent the typical convergence remains. Therefore, accommodative retinal

S differences that,sometimesvoccur, SR

e

N
The traditional alley results seem to contradict the ideas of Gibson.,

"'discrepancy/i% not a consistent result although convergence of alleys

e

B} is usually evident.j The fact that the alley studies ‘were in general v‘f;.\

.

L

’

conclusions regarding the ideas of Gibson We also thought that the B

e A

R

'instructions provided to the observers in the traditional studies may |

S We repeated the alley method and employed slightly modified instructions'

. o

:ul?for the tasks. Observers constructed alleys in the impoverished environment

/.._

'lthat demohstrate the typical convergence of alleys.‘ The extent of

. 'conVErgence decreased when alleys were constructed in an - enriched environment.

-

‘I
‘\A a S s r‘f‘

- Cdriously when the alley med.%d was repéated in the enriched environment.

1”but head movement.was free, alley type differenc 8 did result. his
_glnesult was discussed_in—terms of other research that demonstrates the

lmisperception of distance.» Also the relevance ‘of the operational task

I

diffErences for two alley constructions was discussed fu Vo

Finally we considered the possible role played by a phenomenon called; s

"-“alley method wdth accommodation blocked by administration of a cyclOplegic

",b . A .‘ P

'~f;advance cannot account for the convergence of alleys or for the alley type.sl

\;' .
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&ntroduction

With a few notable exceptions, early theories of space perception > v

& ‘ were ,cue theories (Carr, 1966 Boring, 1951; Ittelsonraw) Visual

i

space was regarded as an achievement based on concatenating cues

Various theories attempted to explain the means whereby the uhree :
dime.nsions of the physical world are translated into the three d/imensions '
.of spatial experience on the basis«of a two dimension mediator (cf.

Gibson, 1950 - 19663 Boring, Langfeld & Weld 1948) Proponents of

N

cue t&eory pose the problem for perception as the relation between
-incoming light and its image. The usual description given of the

optical image of an object°suggests that although the Qirection of

o

. . . . ‘ K
origin of light can be sensed directly% sizes and distances of ‘objects -
~in the visual_field\must be somehow inferrez;from available cues and

therefore can be misleading (Figure . |

I

The notion of an intervening inferential process\is not‘new. It

can be traced back at least to Helmholtz (1925) Boring (1942) and
o

Ittelson (1960) elaborated the assumed function of this inferertial
-process.' 3
Although'inference is the word used for the process of integratfgn

of cue information, conscious awareness of cues 1is not required. An

\ -

’observer often cannot report the cues present in the visual situation

or how these affect the response to. distance, even when behavior is f‘

\
adaptive. Therefore, it was in order to circumvent the problem of ' ‘
. % ‘ ¢

’nonawareness that Helmholtz in one of the’ earliest scientific space

theories (Hehmholtz, 1925) invoked the notion of "unconscious
inference . This construct explained the presence of integrated cue
1




Ambiguity in the stimulus for yision. The taigets

1, 2, 3, and 4 subtend the same visual angles at the ;.

eye. , Therefore, the size and distance of a target
must be inferred from available cues ,(Bartley, 1969).

. I . -

li

/ . ]
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-

information (Ittelson, 1960) A.number'of different'approaches'have
. been taken,by cue theorists Some assume the necessity of elaborating
' adaptive or functional explanations while others do not imply

veridical response (Ittelson, 1960)

3
|

One common puzzle for explanation is that the lawful relations
of visual judgments do not necessarily accurately correspond with
tape measure space.a While 1ack of veridicality in the pr¢§ence of 5.

~,
internal consistency has 1

to consideration of visual space by *
fsome as a construction based‘upon a\\igferential process, others have'*..

| been'led to reconsider the nature of per\eptual space and have suggested
that perceptual sgace may be somethingvother than in inferential

:”}constructiom based upon cues in- the optic image as- interpreted through

‘a process of‘unconsc1ous inference o o |

This different view is put forward by J. Gibson (1950) in the_: =

Perception of the Visual World where he proposes that perception of

C

common physical .8pace does not. depend on concatenating cues - but rather
'is directly perceived as veridical 80 1ong as the visual world is not

,impoverished o e., the visual scene is characterized by the presence

of a bifurcated array of objects in a visually textured background
»bGibson says the traditional scheme is incomplete. He says that, it

has ignored the role played by important sources of stimulus information.
s
‘He believes that perception is much more stimulus bound than it might_

'appear on the basis of traditional analysis.

A dialogue between E Boring (1951 1952) and J. Gibson (1952)

1s instructive in that it illuminates alternative views of space_

'perception.> Their discussion centres around the so-called "perceptual

»

’paradox of converging parallels" (Boring, 1951) Thisvparadox is



&

Q.

: ghpses Consyﬁered as Perceptual Systems suggests

| vexperienced when an . observer stands squarely between two railway

j' v

'tracks, the tracks appear to converge in the distance-yetjalso appear :

.Cto be equal distance apart at -every distance.

Addressing this question, Boring (1951) denies the paradox"'

o

'\claiming that the distinct experienees of convergence and equal f
distance require distinct attitudes of observation and are hence
i different perceptions., Boring (1952) elaborates upop the attitudes

'involved assigning one. to a system R" and the other to system o".

<

-.System R he describes as perception when " stimulus information is reduced

Sa

or e iminated As an example of system R, ~we can- take Holway and
' Boring s (1941) investigation of the determinants of apparent visual
~size. These experiments seem to show that elimination of cues to

distance result in size impressions based on visual angle. System R

explains the apparent convergence of parallels on the- basis of

’decreasing visual angle with.increasing distance. In»contrast System Y
maintains Size constancy. System 0 uses cues additional to the visual

, angle ® cues) to obtain estimates ‘which combine to reduce size

changes. Axtending through system 0 provides the perception of - equal

) distances between parallel tracks

In rebuttal Gibson (1966) shifted slightly his line of argument

.from ‘that/he presented earlier (1950,01952) " In 1966 “his book The

timulation,is,much

’more dynamic than his earlier writings suggest. Ho ever here as
W
: earlier Gibson essentially reiterates that perception is much.more

'rigidly determined and stimulus bound than Boring suggests.. Gibson

(1952) argues tha Boring 8 system R provides sheerly sensory data

wto which.little» portance can be ascribed when this system is

oy



_'the distance.lf

space. He claims that ".;.the dat&for perception, the invariants of '

-

*navailable stimulus information (are) quite independent of the data for

vsensation" (Gibson, 1952) ' Bolstering this, ‘he further argues that -

4

\:reduction'of viewing‘conditions in Boring' S«laboratory setting forceS<
_the observers to rely on sensory cues and thus alter ‘their judgments .
>V‘of size and distance as compared to what theytwould normally do.
ﬁAddressing the problem of perceived convergence of parallel tracks he
i says that under nonartificial Viewing conditions, optic gradients and
jiother invariants abound to convey the information that the tracks are
: in fact.parallel If vision is veridical with tape measure space,

‘one should argue from the viewpoint of Gibson that lines parallel to

N

5 one another in a Euclidian space should not be seen to converge in

I . .’.__.,4

One concern of the present investigation is with the general
{

applicability to the perception of parallels under normal viewing

"yconditions of what Boring calls the alley experiments. The alley

studies began with Hillebrand (reported by Hardy, Randy & Rittler,.

1951) and were~carfied_forward by~numerous others{(Shipley, 1957, 1959;

, Squires;.1956; ZajacZkowska '1956). The reSults‘indicate that stimulus

5 U .

'pairs adjusted eit r to appear as two parallel "lines or‘to appear

_ to form "lines" separated by equal distance, are not set to be parallel

"_,and show curvature (Figure 2).

t

' Boring (1952) sald thatydata from the alley studies suggest that

‘Gibson 8 conclusions about the perception of parallels are wrong.

he

'However, resolution of the differences in explanation put forWard by

"isolated from'thelneed of'the organism'to'adapt successfully to physical

el

" in tape measure space but rather converge as.they.approach,the’observer:




”‘“Figure_Z;

SR

. :\‘?}

Trqﬁitiomal alley discrepancy ‘A schemétié

represeritation: of the findings of . Blumenfeld. thgt
: the equal ‘distance-alleys (d) are wider near.the'
‘observer than are the parallel alleys (p)." L and

R represent the eyes of the observer

W



.‘.’.

Gibson and Boring has never occurred The results of alley experiments

'--:that Boring claims are supportive of his system were obtained under f

4

: conditions biasing the outcome in favour of his system ‘R Alley

o’

:research_was carried out in the absence of backgrounds and/or invariantsf

'hpresent in normal optical arrays. Alley studies have typitally been

.conducted under reduced viewing conditions and therefore may not test t

the question from the viewpoint of Gibson, who expects direct and

2

‘veridical perceptiOn to occur in structured conditions where the

._(.

observer ‘can obtain "visual world" information such as ratios, ordinal
. ,

crelations, gradients of texture, and motion transforms (Gibson, 1950

~ A v
1966) el

Our aim is to resolve the different expectations about the -

cperception oﬁ;parallels arising from the views of Boring and Gibson

L TOWard thisf

relevant to

fhave attempted to make the alley method of study ‘ 15;v‘

; ibsoh 8 notions about veridical perception.’ In the

b};_}research.tombe reported we studied the alley phenomena in an enriched

viewing environment. The enriched environment should provide some of o
\

.-the infarmation available in everyday viewing -and allow for v alid. -

[ . ) . . ~

. conclusions regarding Gibson s ideas ﬂ,' v fa - , -f' v T~

Another concern of the present study is to consider other.
: ,\.

’explanations of the alley phenomena as well as Boring and Gibson's.

P. Miles (1975) says that the nonveridical adjustments in - the alley

2

experiments may be,accounted for. by a phenomenon called "accommodziivev

. retinal advance.. His analysis is directly tested here but further

elaboration of'his'ideas must follow a brief revieWuoﬁ the alley

yliteraturef': AR S «_»5\\h
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IS

'. The Relation of Tape Measure to Visual Sné

Y

As mentioned in an earlier paragraph psychologists distinguish -

“.‘:between visual space and Euclidean space In so doing, some maintain;.'

.that there may not be a one-to—one correspondence bewteen them. 'f

*Other psychologists often assume that at least some of the Euciidean

3 properties of space can. be experienced (Fry, 1950 1953 Miles, 1975)

fsAlthough.this is generally accepted there are special settings where v"v

~ one fails to perceive any of the Euclidean properties of tape measure

A

. ‘space.' Hochberg (1971) provides examples that describe some of

‘:these special settings. o

'_j:this physical space : In the alley literature it is assuméd t]

The question of the nature of the relation between visual space ”
| -/ L
space has led to a vast body of 1iterature. ,The}f'j

.f,settings of stimultiby an observer will adequately represent exp ience

o in: relation ‘to the tape measured world, and that properties of visua-

apace will be defined by thé experimental adjustments. Again, literature

reporting alley data suggesls that the looked for correspondence is

not exact in a number of situationsi?A
o To .begin with one. should take ca;.é' o

types of alley constructions. Both.are consfructed £

v

binocular vision with.freedom of fixation.A:Gh‘ _ype is the Parallel

alley, Here the observer is instructed to adjust successively nearer"

. stimulus pairs.’ The observer constructs an alley(in which the f

‘stimulus pairs fall in two lines that appear to be parallel The_ ;p

' ~other construction is the equal distance alley type (distance alley)

Q“Here the observer adjusts successive stimulus pairs g0 that the -



transverse distance between each,pair appears qual

In Euclidean space, parallel lines are an’ qual distance apart

"_ at every point. In contrast to this space the two alley constructions'ﬂ&

. are not parallel in tape meaSure space, the alley'vconverge neas the
| observer.‘ Also, aLthough it is not crucial for ou;\purposes it has‘
been reported that, in general the psychological parallel alley is
constructed in a manner Leading it to falL inside tde psychological

S

distance alley The degree of . discrep'.

;.onvergence between the

: adjusted parallel and distance alleys “s led v rious persons to considerll

binocular visual space in non—Euclidean terms and to conclude that e
visual space is curved (Luneburg, 1950 A Blank 1958 von Schelling,
1956 Shipley, l957 Foley, l971 1972)

The alley findings, if generally true, could have important
" repercussions for theories of perception. Theories such as that B
: proposed by Boring which maintains that visual space is constructed
- out of sensory cues may accommo%ate at least some of the'alley data.fi_
‘But others who talkvof perception.as providing a direct access to B
spatial relations in. the tape measure world have difficulty. Gibson,»
| who suggests that visual perception is direct -and veridical did not.
incorporate the alley data into his theoretical perspective. Presumably,
- Gibson might argue that ‘an observer should find it easy to set lines
parallel, providing that visual information is not artificially reduced.

He might also argue that parallel and distance conditions in the '

.,»alley studies should result in similar data.'

Interpretation of the Metric of Visual Space
Hardy, Rand and Rittler (1951) provide an: account of the . relation :

5 the«alley method has to interpretation of the metric of visual space.



v

. 10
V.They'described thevexperiments‘of Hﬂﬂ#ebrand (1902) and Blumenfeld
(1913) Apparently Hillebrand instructed observers to construct alleys

to form two straight parallel lines perpendicular to the frontal plane. L}

: _Sﬁwervers adjusted ‘the positions of black threads suspended vertically

v

xagainst a white background under partly reduced viewing conditions

;5 He found that the constrhctions actually converged as they approached

\__ ;
the.observer. Blumenfeld s observers constructed two alley types in-ﬁ”‘

4

. a dark room using gas flames as stimuli They*@onstructed the parallel
: *
alleys of Hillebrand as Well as* equal distance alleys.- The distance

alleys were constructed .80 that the distance bewteen each stimulus pair 4
: appeared equal to the apparent transverse distance between the furthest

fixed pair. The data showed that both types of aLley had convergence

: ﬂﬁ’vand\that the distance alley usually lay outside the parallel alley

The different. degrees of convergence of the two types of alleys
;suggests that perceptual parallelism 4s not identical to perceptual

"\’ Gy -

'“equal distance or separation. Within the framework of Luneburg 8

\ v

gﬁ} (1949) theory the different positioning of parallel and distance

: 3

“-alleys can be said to demonstrate that visual space is'turved and ol
must be described by a non—Euclidean geometry By PR

Luneburg s system proposes two personal constants, ¥ and K.

:,The precise values of boqh constants are derived empirically by

L

fA-analyses of. data from alley experiments and other experimental paradigms.
IZIn his system, K describes the derived curvature of visual space ~
:That is, K describes both the nature and extent of the differences

among parallel.and distance alley settings and helps to measure how .
much.the visual space of an’ observer departs from: the tape measure |

© - L»

space described by Euc!idean geometry The constant Y also is derived



: metric describes the specific nature of an individual s visual

1
from the empirical adjustment of both alley types and in part helps
determine the value of K. Luneburg s mathematical developments are
comglex and need not be’considered here. A ,Blank (1964) has made an’
vextensive analysis of their formal characteristics.

The psychological significance of K: has been described by Hardy
et al. (1951) Their notion is that K reflects the geometric character

of visual space and reﬂates Judgments to physical dimensions.

Shipley (1957) has argued that the psychophysical significanc

Jof K is ambiguous but useful as a device for categorizing space as

elliptical Euclidean, or hyperbolic. Luneburg claims the derived

transﬁormation of the tape measure world, but a survey of alley
literature shows the alley data doearnot clearly support his claim of

a hyperbolic metric (4. e., that distance alleys lie. outside the

parallel alleys) or the assumption that K remains- constant for different
'visual locations._ This means that the alley method may provide o

equivocal evidence regarding the curvature of space (Baird 1978)

Although the proposed curvature of visual space is not our main

" concern one important point to- recognize is that within Luneburg s

geometry, if the two types of alley construction do not coincide, visual '
‘space is hyperbolic or . elliptical When both types of alleys k

é@oincide in their positioning, visual’space is Euclidean,»even uhen

the alleys converge iear the observer. Notice how. Euclidean visual space.
in Luneburg 8 system differs from our definition of Euclidean space -
as.tape measure space, and that in the Euclidean space of Luneburg

K

parallel lines need not be equal distance apart at every point.2
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The empbaslggof the traditional alley studies has been to determine

the specific-geometric nature of visual space, e.g., whether this space
. should be considered hyperbolic Euclidean (in Luneburg s system) or

elliptical. In sum, -Luneburg's hypothesis of a hyperbolic visual
‘ toon -
space'rediiveslittle clear support. Instead, some observers demonstrate
3y . : _
.elliptical and even Euclidean space. In addition, it was found that

LS

W
upon alle;\type differences are not'supported, the following examples
.of alley data.can be used to'demonstratebthe extent of convergence
'v'evident in the traditional alley studies and this provides eyddence
that visual space is not an;exact counterpart of Euclidean tape measure '

\

spadelwhatever else'lt may Bé;.

Tne alley literature deals with the predictlons proposed by
Luneburg and because of this the data is usually reported in terms of
'the constant of Curvature K that is determined by the relative

,'positioning of two‘alley,types. ‘It is the extent of convergence of
alleys that is 1mportant.fon”our purposes and for comparison we must
~rely on the examples<of raw.data tﬁat are:only sometimes provided in
the alley literature. |
| The dark room experiment set—up of Hardy et al. (1951) consisted

of ten pairs of tiny lights set to ‘mowve along ten axes horizontal to the

observer s median plane. Figure 3 shows average data for two observers. .

- >
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Both evidencedvhyperbolic visual gpace. The separation Or transverse
distance between the pair at the axisg nearest these observers: ranged )
from 20 to. 45 cm w@ile the fUrthest pair was fixed a distance of
70 cm apart. for both parallel and distance alleys.

In Squire s (1956) study, the furthest pair located at a
distance three and one-half meters from the observer, were fixed
20 -em apart along the transverse axis, Squires found\that all observers
constructed parallel and distance alleys that. converge near the
observer under reduced viewing conditions in a lighted room (Table .
* He reports that separation‘along‘the axis nearest the observers ranged -
from about 10 to 15 cm for three of four observers. Similar
results were obtained - for three of four observers in a dark room under
partly reduced viewing conditions A.single observer constructed.
alleys that did not converge to the same extent in the near position as
those constructed by other observers. b»v . l : ' ‘\

Battro, di Pierro Netto and Rozestraten (1975) investigated the
‘nature of binocular space in the natural environment of large o;Z
fields. Some  of the alleys formed-by their observers show very different
properties than reported in the traditional alley studies. They found '
~ that over half of the alleys formed were not amenable to Luneburg s
analysis. The points of these alieys lay outside the external side of the
tape measure parallel setting (tne., alleys diverge as ‘they approach) or.
lay between the diagonal formed by the fixed end point and the median plane

of the ekperimental set—up (extreme convergence) Apparently the remaining

alleys demonstrate the usual alley convergence. Battro et al.'s results are
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Table 1: Data reportgd by Squires (1956)

01 | 02 03 04

B D B D P D .
0.0 10.0 10.0 10.0  10.0 10.0  10.0 100
9.0 82 = 88 8.3 9.6 9.0 8.7 10.8
52 6.3 7.8 6.8 9.4 8% 7.1 9.5
7.5 5.6 7.0 63 89 1.3 5.8 8.4 .
7.1, 4.6 -6.5, 5.8 8.7 6.7 4.9 8.8 ’
7.2 4.8 6.8 6.0 8.8 7.6 4.7 9.0'
6.8 5.1 6.6 5.5 8.0 7.8 4.3 - 9.4 ”

The furthest pair was fixed at a distance of 20 cm apart. Each entry
represents the average distance from the midline of left and right

side members of a pair. In daylight reduced viewing conditions ‘the
distance alley. settings 1ie inside the parallel alley settings for three
of four observers (0) demonstrating elliptical visual space. Another
observer (04) did not maintain a "depth gestalt" when constructing

~ distance alleys and he demonstrates hyperbolic visual space. '

%

)
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\

Data frofi Hardy et al. (1951). The results shbwi\

A, par%llel‘(A) and distance (v) constructions for
one observer. B, a single construction of each alley
type for another observer. L and"R represent the
_eyes. of the observer. The results show visual space
to be hyperbalic for two observers.

T
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presented in terms of the tonstant k and 80 the,extent of convergence
/ NN

cannot be reported here.;

‘ l

fdical cohponents in the alley data imply that Gibson

ety

—~
-

The nonv

may well be wrong about the fundamental nature of visual space,
-

However, the alley data cannot be regarded as en!irely conclusive.

¢ o l.

' Excepting Battro et al. (1975), the alley studies were carvied out under

reduced viewing conditions. The matter remaing open because there 1is

variability both within and between observers' settings in the relation

-

and convergence of two dlley types. Defects due to.the instructions
given to observers also mitigates aghinst application of the findings
to conclusions about visual space. Some observers alter their.
settings after reinstruction about the distinction between/ sensory
and physical" space (Hardy et al., 1951). | Consideration of the
instruct}ons used by Hardy et al. (1951) and Squires. (1956) suggLsts
that the instructions might bias the ohservers settings.

" When instructing observers about parallel and distance alley “
constructions, Squires emphasized the dmpor tance of maintaining a
"depth perception attitude". Further, his observerg were instructed
in a manner that intuitively seems to restrict their range: of settings.
Instructions for the parallel constructions included the following.,

N

"the two lines...must be made to appear as if they could éever meet no

 tracks which converge in the distance" The following are excengts

. from the instructions for construction of the distance ::tlleys‘o Do

not _reason about the situation, do not try to estimate width. Simply .

sense the apparent widths as quickly as you cqn and make your judgment.
Lo : _ ,

3 k]

-



“while holding your depth perception attitude." n light of the

‘-instructions provided to’ observers, it is perhaps not surprising that

o alleys dovnot converge.invthe distance as rail%oad tracks may be:Seen'
;to,ibut converge‘at near. the observerr“vsurprisingly,‘the'author

‘ claimed that a single observer who constructed distance alleys that B

o a

idiverge at near did not follow instructions
| Hardy ethl (1951) also instructed observers ‘about the expected
relation between what they called "sensory and physical parallelism .

" They told the observers that "one does not always perceive objects»

‘:in space where they actually are. in physical space, or to be of their o
:actual physical size'. Their parallel alley instructions were simplified
‘compared to those used by . Squires but the distance alleyiinstructions
femphasized'that the observer should not think in‘terns'of(physical
‘;units of distance but simply sense the apparent width Inability of

some of their dbservers to follow instructions was also invoked to

explain alley constructions that differed from the expected relations.»

-.An Explanation Based dpon Accommodative Retinal Advance

Finally, we must consider another hypothesis about alley data,
one which does not involve the conclusion that visual space - is
vnon-Euclidean; Miles (1975) argueS'that typical errors of perceived
space do not require explanation inbterms of non—Euclidean geometryQ
:he suggests that a phenomenon called_'aecommOdanve‘retinalcadvance'
mayvprovide an acceptable explanation'for:discrepancies,
Accomnodative retinal advance is the forward shift of'theiretina from
contracture of the‘ciliary‘muscle during marked'accommodation; In
this connection, K. Blank (1973) describes'how.contraction of‘the

ciliary muscle during marked accommodation caused- the leading edge of

4 . o

oot

b b




muscle contracts as. objects approach Thi

results in,accommodation, and Hochberg (1972) notes thax "the fact

18
. S 1 ) T
the. retina to advance as much as. ,05 mm with each diopter of accommo-

dation.‘ She points out that additional asymmetry is produced in the
horizontal meridiean because of the nasal location of the optic nerve.
This is what has led Miles (1975) to argue that because each retinal

point is associated,with a;direction of visual space, unevenness'

" in retinal stretch should, in turn, result in a systematic change in

the apparent relative position of objects in tape measure space..

Accommodation' which is a muscularvcue has long been considered

.'as one of the possible cues to distance (Hochberg, 1972) The ciliary

uses the- lens of the eye -

?

td<become more convex resulting in foc sing of the image on the retina. -
‘It is rhw - “naesthetic impulses arisin from the c1liary muscle

. contre Lo nich -some have claimed act as a cue to distance,“ Ittelson

(1960) s«.5 that it is not clear whether accommodation gives rise to

a response of distance (apparent distance) or: 1f apparent distance

that. we ordinarily shift focus from onevnear object to another~without.'

trial and'error 'ow ‘that’other cues have been used'first" (p.4785.

| Campbell and Westheimer (1960), cited by Kaufman'(l979),v'

report that when two points of light viewed monocularly, are briefly

flashed in succession  at different distance, the observer can judge

-that one point'is more distant_than the other even without time‘to

change'actbmmodation_(or convergence). He says these judgments can only

- be based'on the informationvin'the blur 1mages that stimulate

accommodation.

Retinal advance 1is closely associated with accommodation. But

o

"~ the cbnceptvof retinal‘advance‘provides a possible ekplanation for

e+ ki B e W e e S s
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errors of perceived space based upon accommodative changes resulting

in asymmetry of local signs at the retina. Thus,.this hypothesis may

avoid the problems ev1dent in assuming importance for the kinaesthetic‘

‘cue of accommodation Whatever effect accommodative retinal advance
’ Q.
,bmay provide in the alley constructions should be evident when alleys

»jare constructed with accommodation blocked

Aims of the Present Study

A

First it-is clear that replication of the alley method of study

‘is required This is so because the equivocal results from traditional )

alley studies do not provide a basis for conclu51ons about the relative v

p081tioning of parallel and distance alleys nor do they provide for
conclusions regarding convergence at near the observer for both alley
types Variability of results may in part stem from the possible

biasing effect of the instructions. The present study attempts ‘to e

,replicate the traditional alley method in an. impoverished viewing

"-environment However, instructions to the observer differ from those

employed in the: traditional alley method They‘do not‘describe the

'differentiation of "physical ‘and sensory parallelism ~nor suggest that
1 the walls of the parallel alley constructions should not appear as
frailroad tracks -that-” converge in the distance Our instructions simply .

request that . the observer provide settings that appear to form two

straight parallel lines or that the distance between each pair appears.
to equal the- transverggkdistance between the furthest fixed pair.

The use of non—biasing instructfbns should enable meaningful conclusions

'about the alley phenomena and the perception of parallels

\

Second we should like to meet Gibson s requirements for

nonartificial viewing conditions. Therefore we,provided some of the

iy

v
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information Gibson says is important in everyday viewing by reﬂeating

. »-the alley COnstructions in~an enriched environment. Battro et‘alld (1975)

fstudy was carried out in large open fielda»but the extent of convergence
~of alleys ia not reported We repeat the alley method in.the .
controlledfsetting~of»the laboratory.‘ In the lighted room,'surface
‘te#turesvprovide a structure:for thefvisual,SCene.: A%so,'somejalleys'
were«COnatructed in the_enriched.environment whilehthé obsé?vervﬁas{pﬂﬂ
_ffee);o move hia.head. .If‘GibaOn is‘correct»ahouththe‘stimulushhoundr;
iandvadaptivebnature.of berception; then a11:>\constructions»in'the'
'enriched surroundings shonld‘demonstrate more,veridical settingSQ
' Finally; we considereddthe'possible role’plaved bypaccommodative
: retinal advance in the nonveridical nature of alley constructions
:Alleys were constructed in impoverished and enriched viewing conditions,
'but accommodation,hand consequently retinal advance was blocked by .
-‘prior‘administration of a cycloplegic agent; If accommodative retinal‘ii
advance accounts for errors of perceived space, the alleys.constructed
with accommodation blocked should dqnonstrate veridical préperties in %//

- both environments.

VR
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£ ”vMethod o . ‘L' L

‘;Apparatusf

In all four experiments to be reported, observers viewed”’similar

’stimulus configuration An impoverished and enriched environments
.‘The dark room or impoverished environment appartuus essentially
'.replicated the dimensions g;d stimulus conditions of previous studies
;(Hardy et al 'y 1953 Squires, 1956) The light room or enriched
xenvironment apparatus was necessarily modified to suit the different

: conditions. ‘

In all instances the obServer sat at the head of a table that was7

four hundred by one hundred and twenty cm. In both experimental

environments the stimulus configuration.consisted of seven pairs of

:stimuli.b Each.pair was set in a groove in the table transverse to ,

'v,-the obser&ér's median plane. There were seven grooves or axes in all

/

' Their distances to approximately ‘the eys of the observer were ’ \
350 270, 195 150 75, and 50 cm.‘ The left and right side members |
‘of a given imulus pair moved independently except that the furthest
,pair was fixed so as to be symmetric about the midline of the table.
_Transverse separation of the furthest pair was 40 cm. |

| For the dark room experiments (impoverished environment) the :
apparatus was govered with flat black paint and surrounded by black
wcloth.‘ Stimuli were fourteen tiny points‘of light that appeared
‘much.like stars of the sky.: Actually, each.was formed by a GE 222

< miniature lamp radiating through an. aperture .1 cm in diameter

Each_stimulus light was fixed in a ‘standard. that ‘was 25 cm in height

21
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~and then set in a wooden base whichtwas free to move in one ‘of the

; U@l N xp.

" seven grodV@s of the table. Light apertures Were covered by lucite o

. I

. discs ;Sacm in diameter., These discs reduced the effect of different

- R
angles of viewing on ap arent bri, htness To e uate a arent :

R P g q PP

’brightness the intensity of each light was adjusted by rheostats which

l§

i were set in a panel The intensity of the lights remained sufficiently ..

1ow o0 that the surroundings were not apparent to the observer
x‘Lights wEre powered by two ﬂeathkit IP 20 regulated power supplies
' Color differences were not obvious "- R ;f' l R ) \f');
In the 11ght room (enrichedcenvironmentj:the\table surface.wasv
covered by vinyl material which represent a un1form pattern of\
:'various greyS.‘ All surfaces had this’ pattern but, straight
lines or contours were not evident in the pattern This ensured that
-;the observer could not align stimuli by refen_ing ‘to. ‘some fixed part'
'aof the experimental set—up. The vinyl material covered all surfaces1’
in the view of’the observer Five pairs of screen,‘each one hundred
'fand fifteen cm in height and thirty cm'in width were fixed along the‘

\,

edges of the table t0p.4 These Ser:ed\ab\field stops restricting the .

”
'observers view of the surroundings. The field stops were positioned :
so that they could not provide reliable clues for the observer s
adJustmentS» . | y bln: SRR o | ' ”ﬁi[ R
The stimuli in‘the‘enriched environment were fourﬁeen small beads

. : -
Each bead was mounted on a standard that was set in a blo k that could

be adjusted manually.- Stimulus pairs were adjusted along th. Same
axes as thﬂ impoverished environment stimuli In the enrich d

environment the stimuli extended five cm above the table 8 surface
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measured by use’ of a meter stick

‘Instructions

ESEE X

Upon completion of an alley construction the experimenter made

'direct measurements of “the adjusted stimulus ositions.‘ The adJusted

«

‘ ,distances to the left and right side of the midl ne for each pair was

\ i

In allgbut one experiment .an adjustable head and chin rest

- restricted head movements and maintained eye level at»about five and

i

'gone—half cm above ‘the plane of stimuli. Interposition of stimuli

"was av01ded by raising eye level above the plane of stimuli In one

’

:experiment observers bere allowed freedom of head movement LT

N

Y

—

o

The observer was told that the experiment tested_bingcular depth

B perception and that both - eyes were to be used It was - pointed out

that the pa1r of . stimuli furthest from the observer ‘were located at

~ [

g station seven and ‘that the successively nearer pairs were at stations

wh

six through one. The pair at station seven were: flxed and this pairx

"was to serve as an anchor or standard for judgments Instructions_

k emphasized that the other pairs should be: adjusted symmetrically about .

the midline of the table and should not appear to veer to the right

or left sides.» The observer ‘was to request the experimenter to
W~adjust the successively nearer pairs one at a: time. The: observer was

» free to begin adjustments with the right or left stimulus of a pair

[y

as he or she chose and could ask the experimenter to readJust any

stimulus in the configuration at any time.,,,‘

The Specific instructions to the obuerver regarding the parallel

‘ and distance alley co¢§tructions were. less rigidly structured than

those of previous studies. No attqnpt was made 'to differentiate what

these instructions may mean in tape measure or: visual space. If an
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: observer, as occasionally happened, reported some difficulty in
‘understanding the instructions, the experimenter simply reiterated that'l
i the adjustments were to appear to the observer to satisfy the specific..

lcriterion for the parallel or distance alley.

To construct,a parallel alley, the observer requested the

experimenter *o adjust the successively nearer pairs one-at a time

80 that when finished the pairs appeared to form two straight parallel

lines extending in front of the observer.

Tovconstruct a distance alley, the observer requeste the

Lal

‘experimenter to adjust succe331vely nearer pairs one at’a time 80

that the transverse distance between each pair appeared- equal to the
transverse distance between the furthest fixed pair.‘ InstrUCtions
pertaining to the distan lleys emphasized that the observer was
to compare only one adjustable pair at a time with the fixed pair 's

transverse distance

2

/
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,to normal vision.

Experiment 1
This experiment was designed in part to replicate the conditions
of ‘the traditional alley studies (Squires, 1956 Hardy et al., 1953;
Shipley, 1957 Zajaczkowska 1956). Follow1ng the methods fuprevious
studies, head movements were restricted and observers were allowed

’

freedom of fixation. Unlike:previous studies, the instructions ‘to the
observer did not differentiate sensory and physical" space. Observers
constructed parallel and distance alleys under reduced viewing |
conditions (1mpoverished environment) f It was hoped that repeating

the traditional alley method with ambiguous instruc;)ons might

enable conclusions regarding the reliability of two phenomena, e.g.,

. the phenomenonoof covergence and the relative positioning of parallel

]

and distance alleys. R ‘ e . i . .
Reliability of. the alley phenomena was also tested . in an enriched

env1r7nmentf Providing the enriched viewing conditions is a means

for stimulus—bound information that Gibson wishes to ascribe to

veridical perception.

Subjects and Proéedure

\

" Four male graduate students from the Department of Psychology at
the University of Alberta provided repeated alley constructions
follow1ng the traditional alley method. All had normal or corrected

/, Parallel and distance alleys were first constructed in the

impoverished environment Each observer constructed 12 alleys
including six parallel and six distance alleys. All six cpnstructions

_ of a single alley type were. completed before the observer constructed

-
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a second type of alley. Order of construction of alley types was
counterbalanced between observers, i.e., two observers constructed
six parallel alleys first and then constructed the distance alleys ~
and the order was reversed for two- other observers. The same
counterbalanced order was followed later in the enriched environment
and each observer constructed the same numberbof alleys as before.
/ln_the-impoverished environment, the observer dark adapted for‘
about 15 min .upon entering the enperimental room. During dark
~ adaptation while seated and positioned in the head and chin rest, -the
. observer was instructed about:the general nature of the experiment.

Nent, the experimenter turned ‘the 14 lights’on and adjusted their
intensity until the‘observer could just'clearly see'each pin point
of light, The inten31ty of the lights was then adjusted by the
experimenter under instruction by the observer s0 that when they
were.all adJusted they appeared to‘be-equally bright.
| Following this specific instructions were given regarding>
construction of one alley type and the observer began requesting
the experimenter to‘position the stimuli.  The observer chose whether
to begin adjustment with the right or left stimulus of a.pair but
‘always began adjustments from the furthest comparison pair and
continued adjusting successively nearer pairs. At any time the observer
could;ask the,experimenter to readjust any of‘the stimuli. 'Upon
-completion of a single alley construction the observer was requested
.to divert his view away from the table top. While vision was diverted

the experimenter made direct measurements of the distance of the

positioned stimuli from the<median plane which was taken to be the

Pt
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mid-line of the length of the table. The experimenter then randomly

-readjusted the position of stimuli in preparation for the next’

£l

trial. Upon completion of 6 alley constructions under one instructi 8t
set, specifi9//nstructions were given about the remaining alley type
constructions and the procedure was repeated for the six alleys. st

The same observers later returned for*g'session in the enriched

environment. Dark adaptation and stimulus.brigbtness adjustment vere,
of course, not.required.. Otherwise, the procedure was i%fntical to
that employed in the impoverisbed'environment. The eiperimenter \
remained out of the view of the observer during‘alley construction.l
This was made possible in the enriched environment by placement of
Afield stops. Observers received feedback about the results of their -
_adjustmente only following the session-in the enriched environment.
Design | R . “

Analysis ofbthe data was carriedioUt by meane of a repeated‘
‘measures analysis of,variance design. In this case, all factors
Were“repeated:within observers. The first'factor allows for’comparison‘
bf two alley typesi Two levels of the first factorAare defined by tne
- gpecific inetructions‘regarding parallel and distancevalley constructions.
Ihe eecond'factor distinguishea tbe measurement‘bf the left and right
side members of the stimulus pairs.  Six axes r‘epresent the distances
to'tbe observer‘of the six adjustable.comparison pairs. ,The“replication

factor accounts for the six complete constructions of each alley type.

. This results in a4 (observer) x 2 (environment) X 6 (replication) x

2 (side) x 6 (axes) repeated measure design.

oy




Results and Discussion o

. Entries in Figure 4 represent the distance of single stimuli from - '@
L N - H

the midline of the table. Each entry is the average of'six»repeated Lo,
adjustments by four observers. The stimuli are plotted separately for yd
the left and right side arrays of the parallel and distance alleys - U
in the impoverished-and enriched environments., | | h

{

For purposes of this‘analysis, it is meaningful to describe an
. s , .

‘alley in terms of the adjustment of all‘six‘stimulus pairs. This is

so because the alley construction results from adjustment of six stimulus

-

pairs while the seventh pair is fixed to serve as an anchor or standard T

When reliab1 differences between alleys occur, differences tend to

increase over axes, i.e., the differences increase as alleys approach

the observer. This is the result of anchoring all alleys at the end
POints. ‘ ' , ~ ‘ | \ N .

~

This means that any main effect or interaction that attains

significance will again be significant in its interaction with axes.

P

.For convenience we will sometimes refer to two F ratios when discussing
. . B < . >

. a single main or interaction effect. The second ratio refers tovthe‘\
" effects further interaction with.axes. Thisvapplies in allﬂerperimentsr\\
reported here. All of the effects referred to are'significant at : R
"p:.OS unless otherwise stated. A.summary of the results of the analysis
_of variance 1is presented in the Appendix.‘ |

Figure 4 shows that the alleys constructed in the impoverished
‘environment conver;e'as they approach thelobserver. Therefore the
traditionalyalley phenomenon of convergence at near the observer appears

to be reliable, even though the specific parallel and distance alley o

. instructions given to the observer do not intuitively seem to provide.
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information that-teould bias the obgerver 's range of settings.

In contrast to this effect, the enriched environment alleys do

, 4

not converge but even diverge.somewhat as‘khey/approachythe observer. .

Y

The difference between the enriched and impoverished‘environment

alleys'is significant, F(1,3)=17.96 and the effect of environment
v,

attains significance in‘“interaction with axes, F(5,15)=25.11. This
result suggests Gibson's idea about the stimulus bound“nature of .

)
veridical perception may have substance..

Statistical. analysis of the datd also demonstrates that a change

‘ in the differénce between'impoverished and enriched environment settings
.over repeated alley constructions is significant, F(ZS 75)=2, 16 | .
.LInSpection of the data shows that this is a progressive change The
impoverished environment alleys. tend to "spread out" (converge less>
and/the enriched environment alleys; which diverge’somewhat initially, -~ 4

tend  to converge more over replications. Because this change isasmall_

and the overah& difference between alleys of the two environments T

remains, data representing each replication is not presented

-

Our conclusions regarding the convergence of alleys and the extent-
of veridical perception must also take into account that two different
alley types are constructed; the“parallel and-distance.alleys.' When | Lt
averaged over observers, the data demonstrate that the extent of -
convergence of both alley ‘types is similar and this is true for settings

in both environments. There is no significant difference for the
» &

effect of alley ‘type in either the impoverished or enriched environment.

Bt
Some of the traditional alley literature report results that are/

°

°

‘ usuallypresented as the average of’ repeated alley,constructions‘ fdr

individual observers. This method of reporting results is used to

demonstrate the nsuallybdifferent relative positiohing of two alley




types under partly reduced viewing conditions.

report is that alleys are somewha:é}ﬁregular but essenq&ally asymmetric

about ‘the mndline. Because of th he results are presented as the

average for left ang right side alley walls
7 Our results demonstrate significant asymmetry between the two alley
sides (walls), F(l 3)'l0 7l, and An 1nteraction with axes, F(5, 15) 10 60.
Although statistically significant, this result 1s not very meaningful
' for our purposes. " We measured the distance of stimuli from the midline o
of'the table but we do not»know'where the subjective midline is Also,
: ,* ‘the observer has soﬁe difficulty in maklng alley settings, in part due & :
to the fact that ‘when a stimulus at far is fixated, othersj;;{ye?r are
seen . as double and vice versa0 Dn the other hand, asymmetry might result
from some aspect of the alley procedure, e, g s the observer sets one
y member of a stimulus pair and thlS serves as an anchor for judgments
‘At any rate, it seems that the alley method provides for a certain lack
of precision in terms of localization of stimuli and this is evident in the :
-asymmetry of alley settings.
Inspection‘of the data for‘individual Observers,serves”to support
our conclusionlbased'upon average data’of no important.differences‘
, between‘the.settingsyof two alley typei;“ln the impoverished environment
'only a single observer set the parallel alleys inside the distance alleys.'
But, in comparison with some data presented by Hardy et al (1953) even’
} this small difference indicates a Euclidean metric in terms of Luneburg s
model. In the enriched environment this observer's settings for two |
alley types coincide. Another observer constructed two alley types that

differ in the enriched‘environment’and only these of all settings seem
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~ to meet the'criterion for‘non—ﬁuclidean:visual‘space initerms_of Luheburg's‘
Jmodel, hThe same'therver's settings_cOincidevfor both alley.types {n
:’the*impoverished envigpnment | ”

We should also point out that inspection oflthe raw data indicates
there is a range of acceptable settings for a single alley type for each
.observer. Excepting ‘the" settings that do damonstrate alley type.
differences in the enriched environment there is considerable overlap
of the range of tmo alley type settings for each observer: | This is true
for settings in both: en_ironments.. Therefore, our resultsido not support

type differences

previous\reports of aluw

Rather\than an overall effect (1 e., for both alley types) on
convergence, it seems that the use of nonsuggestive instructions serves
' tJbreduce differences betWeen aiiey types. This mitigates against

' meaningful 1nterpretation of preVious reports of alley type differences

“when ‘suggestive or~biasingvinstructions yere employed.v This also makes

"the ideas of Luneburg and Boring”seem questionable, : ‘ ‘“xéid

‘The convergence‘of alleys in the'impoverished environment requires
hexplanation but it may,not bear .on Gibsonls7ideas regarding stimulus-
‘informatiOn»as he does not consider perception_in,reduCed viewing
'conditionsf The’results describing alleys constructed in the”enrichedh
environment do. bear on Gibsonds idéas. But, it must be admitted that
the result of no convergence in the enriched environment may. be, in
part, a result of observer s prior experience constructing alleys that
kconverge in the impoverished environment. The following experiment
. was designed to further investigate this comparison

?‘
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'Experiment 2

This- experiment was designed to provide for more reliable conclusions :

about the extent of convergence resulting from alleys constructed in
the enriched environment. To -avoid the possible effects of experience
,w1th non-veridical alley constructions (1 e. thevconvergence
dphenomenon) in the,impoverlshed environmentbobservers constructed'
alleys Only‘in the,enriched‘environment. | |

Subjects and Procedure/

Eight male and two female undergraduate students who were enrolled
:in an 1ntroductory psychology course partic1pated in‘this experiment
All observers had normal or corrected to normal v1s1on |

Eachvobserver constructed three parallel and three.distance alleys
in thd{enriched environmentt All three,construdtions of alsingle,
allezvtype were completed before the observer received instruction :
aboutftbe‘plternatiVe alleyvtype. dOrder of construction‘was balanced
between observers. Excepting - the number ‘of repeated‘constructions‘
provided by each observer, the instructions, apparatus and.procedure
»yemployed in this experiment were,identical to those used in the
’V?enriched environment,of Experiment 1. |
Design. | \ ’ ',,&' ) | ‘ : B 5
B , Preliminary‘inspection of the data revealed that the ordervof'~
construction might affect the relative positioning of parallel and
distance alleys Hence the between observer factor of order of
.vconstruction is included’in the present’design.

Four observers are nested under the first level of this factor

and thisvgroup constructedidistance alleys first, Another group of

33
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v

‘four'observers'COnstructed,parallel alleys first,and they are neSted
under the second 1evel of the order factor. All of ‘the. remaining
factors are within observers and they are described for the analysis .*
"of Experimentl ’ " M’ |
Two other observers constructed alleys in Experiment 2 but their

data is not included in the analysis._ A single observer constructed

K

parallel alleys as they would appear in a perspective drawin

The observer reported that he had art training in perspe%},
N drawing Because of this, and the fact that the observers settings

~
were very different than those of other observers, his data is not

included in. the present analysis. To maintain an equal number of
”, observers in each group we randomly eliminated the daﬁg provided by
e another observer who constructed alleys in the opposite order._
Resaes o E
Figure 5 represents thewalleys constructedmin the enriched
environment. Each entry represents the distance of single stimuli from*
"m midline of the table Each - entry 1is the average of three adJustments w
by each of four observers. The stimuli are plotted separately fori N
fﬁﬁ g A o parallel and distance alleys constructed by two groups. The groups
kconstructed.parallel and distance alleys in opposite order.
The qualification expressed in Experiment 1 regarding the reporting
of °F ratios also applies here.v When two F ratios are. given, the
second refers to the effects interaction with axes. A11 effects that
are described are significant at p< 05 unless otherwise stated Avh
' summary of the analysis of variance is. presented-in the Appendix
Similar ‘to the result of Experiment l, statistical analysis of

the data represented in Figure 5 indicates that there is no overall

difference between the setting of two alley types when averaged over
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K L
the two:groups.whichfconstructed alleys.in opPOSite order.' howeVer,

| the effects of order, F(l 6) 3, 81 and F(S 30) 2 32 approach significance

- at- P<. lO ~1f this effect ‘were reliable, then Qxamination of the data
indicates it would mean that averaged over all observers the positioning
of- parallel alleys coincides whether the alleys are constructed first or
last.v In contrast to’this the distance alleys are positioned differently :
for the two orders. When distance alleys are constructed first, they

' converge more than the parallel alley settings but when they are constructed
last they converge less than parallel alleys T ;QL, |

This result suggests that construction of one: alley type may affect

later constructions of another alley type. The fact that alley type
differences are in general small and the statistical effect only

: approaches significance suggests caution in drawing any firm conclusions .
about this effect. . B e ' FR |

) Inspection of the data for individual observeﬁgareveals‘that five “

| ~of the eight observers included in the statistical analysis constructed‘

‘f\f two alley types that are similarly aligned. Although three observers

i constructed two. alley types that differ the results of Experiment 2 are
“in general like those of Experiment 1. Unlike previous reports, |
the alley type differences do not consistently result. |

| The results of Experiment l also showed that convergence ‘differs in

fthe impoverished and enriched environments. In the present experiment

the alleys in general converge and this is reliable F(S 30) 12 49
This suggests that in. Experiment 1 the observers prior experience with

converging alleys in the impoverished environ;entvin some way may have

determined the lack of convergence in’ the enriched environment.
r : . L
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The extent of convergence that results in differentrexperiments can
be demonstrated by comparing the slopes of lines that describe the’
‘ general nature of the convergence.of alleys.' Data averaged for the left‘
:and right side settings to remove the effeCt of asymmetry can. be described
' by the slope of a 11ne extended from the furthest fixed stimulus or the -
’ nearest adjustable one.’ The calculated slope does not account for the"
Viasymmétry of alleys and ‘other irregularities but does prov1de a useful

means of comparing the convergence that results under different conditions.

'cOverall, the alleys constructed in the‘enriched'enV1romment of |

p\Exp'rimentoZ conVerge 1eSs than the'impoverished environment constructions

hof Experiment 1. The enriched environment constructions of eight observers
converge on a line Wlth slope equal to OlO and .011 for distance and){
}parallel alleys respectively The average data for four observers in the

‘ impoverished environment are on a line with slope equal to 021 and 023

.for distance and parallel alleys. This means that overall the 1ntroduction o

=

‘of structure to the visual scene determines a trend in the direction of

: less convergence and’therefore more veridical perception
)

But the idea that perception is more veridical under these conditions

must be qualified because of two, things.~ Therefare'indiv1dual differences

,in,convergence. For some observers converging alleys appear parallel or
SN v .
'separated by equal distance even in the enriched environment. Also the

convergence and symmetry of alleys change from trial to trial

Figures 6 to: 8 represent the same data as Figure 5 plotted separately

ke for three replicatio?s.' Figures 6 to, 8 show that the extent of convergence

changes significantly over three replications, F(Z 12) 12 65 and F(lO 60)-

5.76. Alley symmetry also undergoes ‘a significant but progressive change
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Figure 7.
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ovérvrepeated.al}ey COnstructions; F(2,12)=34.44 and in interaction
vith axes F(10,60) ~11.87. \

Aé ﬁhe £irs£‘replicéfion'qonvergence is notvéviden;'but alleys veer
to the right. Convefggnce is.most‘extremé at the secoﬁa replication but
alleys remain symmetric about the midline of the table. At the third °
replication.convergehce is again decre;sed and alleys &eer'to the left.

. ' ' . . ’ . . v
Within theﬁlimitations of thehéresent study it is not cl%ar,that ideas
reléted to our main interests_can account"fpr the as&mme€ry'df alleys

or the possibly related changes of convergence and symmetry but we will

_return to this topic later in the general discussion.




ar.

oo Experimént 3
The results of tﬁe previous experiment s;ggest that information-
| frém the ghriched environment ;nables‘a general trend toward less
conVergeﬁce. This>pr6vides some suppoft‘for Gibson's (1950) ideas.
Gibsoﬁ (1966) réiterated‘his ideas about’the impoftant in%ormatioﬁ
. : ’
‘pProvided by‘a natural Viewing environment but he'elaborage& upon the
important information provided by motion. vAdditional information is
ﬁrbvided because the optical arréi is‘transformed due to motion.
Motion paraliai'in.general is the change,in the»viéual field

" resulting from a chahée in gﬁ;.observer‘s'position (Hochberg, 1971).

" As tﬁe head or bodyvmdves; ghe brojéétioﬁs of objects in the‘picture
piane all move abouﬁ; For example, if an object iﬁ the middle distance
is fixazed and the head roﬁated to the left, the‘bnageskon thévfetina of

" all the nearer objects and surféces mové to the right, The farther

_objecgs and‘surfacéS'move to the left and»there isiﬁ\continuéus

'differéntial flowirelative to each dtﬁef of objgcts and the points in

vreach.surfaCe. bGibéon's proposal is that fhe visual system responds

directly tq‘invariaﬁt features of the continuous ;ranéformations due

to motion and this énables veridical perception éf ﬁhe sﬁrrogﬁdings:

The present experiment examines'thg.utility of motion fdf vefidical
alléy settings. Observers constructed pérallél'aﬁq distance alleys

in the.enricﬁe& environment and were allowed to move  their heads»

freély. | .

Su@igcts and Procedure

Four male undergraduate students from an introductory psychology
course participated in‘this experiment. Each Observerfconstrﬁcted
three parallel and three distance alleys. Order of construction was

42
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counterbalanced between observers. The apparatus, instructions and

procedufe were identical to those employed for the enriched environment

: . ‘ - -«
constructions of the previous experiments excepting that head movement

was free.

Design :
The factors éﬁployed i;‘the analysis of variance.have been
- R . .
described earlier. All factors are within obsngers_and the result )
is a 4 (observer) x 3 (replication) x 2 (sides) x 6 (axes) repeated
measure dgsign. |

Results
Figuré 9 reprgéents tﬁe alleys constructed in the enriched
‘environment while observers had freedom of headvmovement. As befofe
each entry fepreéents the distance of single stimuli from the midline
of the table. Each,eﬁtry is the average of three repeated adjustmgnts ’
by ‘each of four observers. The stimuli are plotted separately fﬁnb
the parallel and distance alleys. A summary of the analysis of
‘ variance is preseéted in the Appendix.
§imilar tovthe results of other experiments :eportedvhere the ’ R
alleys are not symmetric about the‘midline, F(5,15)56.22, Butfwé.will- 
return to a discussioh of the problem of asymmetry later in fhe |
general discussion. | °
| Unlike the results of Experiments 1 and 2 there is a qie;r
kdifférente between-the parallel and distance alléy séttiﬁgs,'F(l,3)=12:84
;nd F(5,15)=7}$9. When hﬁnd movemeﬂt is free the~para11e1 glleys
”gﬁﬁonverge,neéf fhe.dbservei‘but the disﬁance alleys do not convergél
This result is coﬁéisteht for tﬁé four observers.
Tﬁé s;ope of the line that“describes conﬁergence of the parallel
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alley settings‘is:.027 similar,to'the‘result for impoVerished

environment constructions in Experiment 1 that>COnverge'on a~line with

slope equal to .021 for distance alleys and ., 023~ for(%%rallel alleys.

»The convergence of distance alley constructions in Experiment 3 is

e described by a line with slope equal to ~001. They do not converge'

and the settings correspond closely to tape measure equal distance
excepting asymmetry and other irregularities in the alley sides.

Freedom of head movement results in more veridical settings but

'only for the distance alley t{{k. The differential effect on the

" -

convergence of two alley types isxpuzzling."Boring does notvclearly

: suggest what we might expect of alley settings under enriched

conditions and w1th head movement free and this result poses a problem

, for the idezs of Gibson
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Experiment 4
b

4}

We pointed out earlier that Miles (1975) says retinal advance,
which occurs with_strong accommodation determines errors of alley
convergence.' We thought that if accommodation and consequently retlnali
advance is blocked alley settings should demonstrate the effect of
'this phenomenon. | ‘ |

Isolating the effect of retinal advance is d1ff1cult to carry?

; out. Our attempt to. study the effect of this phenomenon involves

.

’blocking accommodation by admlnistration of a cycloplegic_agent. It '
is’important~to,note that,accommodation isAan integral part of the
near response (Vaughan,'Cook‘ & Taylor, 1962) : The‘near response |

occurs when a fixated object approaches within a distance about two

°

meters from the observer, this affects the synkinetic responses of -
accommodation, accommodatiVe convergence and pupil size and resultsﬁ*ﬁ

in sharp focusing of the object 8 image on the retina (Alpern, 1971)

cxcloplesic Agent A LT | R
‘ e Lo
' Cyclopentalate HC1: (Cyclogyl) is an. anticholinergic agent that -

induces complete relaxation of the sphincter of the iris and’ the
ciliary muscles When applied topically to the eyes it causes a
rapid, intense cycloplegic'and mydriatic effect that attains maximum |
degree in.30fminutes. The eifectsfpersist from 18 to 24 hoursb
(AM:A. Coundll on Drugs, 1971). |

Subigcts'and Procedure ] , | R ) SR

®

Two females and one male, all undergraduate students majoring in

pSychology participated in the‘eXperiment. The author also participated.!‘”

EN

"All observers ‘had normal or corrected to nornal vision.

o B
Two drops of a 0?57 solution of cyclopentolate HC1 were administered

Ny
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.'topically to, ‘the eyes of the observer 30 minutes prior to each of

j e
4 ) .
two testing sessions. The procedure for alley construction was ~,~////

identical to that followed in Experiment 1 except that observers first
vconstructed alleys in the enriched environment ‘and returned for a” |
second‘session in the impoverished environment.('Observers each
lconstructed 12 alleys, six in each.environment - of these ‘half

. were parallel and half were distance alley constructions.. The order

~of. construction was: split between observers and the ‘same order was

irepeated for observers in both environmedts Head movement was l fV.:€
restricted. | . | ,‘*“‘
| "—ig—nes'v“" N .4" | | ,, -
| | Similar to Experiment 1, this results,in a 4 (observer) x 2 v | \

t(environment) x°2 (1nstruction) x 2 (sides) x'3 (replication) X .
6 (axes) repeated meaaures analysis of variance design.v'All factors.'
are within observers.

- Results

As in other,experiments reported hefﬁ- r \
B irepresent the(distance of single stimuli’froﬁrh : mi&line of the table
"‘Each entry is the average of three repeated adjustments by four
observers. Stimuli are again plotted separately for both- side; of -
parallel and ‘distance alleys in- ‘two environments. All effects are
fsignificant'at'p<;05 unless otherwise stated A summary of the |
’analysis of variance is presented in the Appendix. |

Figure 10 shows that alley convergence in an enriched environment
is not affected by blocking accommodation. The convergence is similar
<;to the result in the enriched environment of Experiment 2 The

sslopes of the lines representing convergence of enriched environment
h _ A
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the similar convergence of enriched environment ‘constructions with

.constructions by reporting‘the slope is not possible.‘

49

'distancd and parallel alleys equal 008 and 010 when accommodatlon

is ‘blocked and this is. similar to the result in Experiment 2 where

’slopes equal 010 and Oll for distance and parallel alleys This

-means’ that either retinal advance doesﬂnot play the role suggested

2

by Miles (1975) or the additional environment information from the

'enrlched v1ew1ng conditions overcome any effect on convergence that-

elimination of retinal advance might otherwise result in. Also,

-

A}

‘»or'withoutkaccommodation‘means thatfthefloss_of sensory7cues,provided

N
i

by'accommodation‘and associated responses does not impair.performance

Although statistical analysis indicates that there is no overall‘f

Tt

_difference in the" extent of convergence between alleys conftructed

. in two envirOnments, it is evident,that thefimpoverished environmenti

’ > & . . - L . v ot . K
alleys first converge and then diverge near the observer. Because
. . . . . '~] - o PN ’

R , : . ‘ B
of this the comparison of convergence of impoverished environment

.

m :

‘fIt'seems'thatwblocking‘accommodation alters the.usual alley
settings but only in the. impoverished environment .at distances near I
the observer, ﬂhis 1s not. entirely unexpected Miles' (1975) ideas "

about the relation between retinal advance and alley!errors(are‘

- hased upon Blank's‘(l973),sthdy_of the phenomenon of retinal advancer.’ .

:Her'research shows that retinal advance is'effective with strong

;

_accommodation of about 13 diopters. This: is apparently nquivalent
to approximatcly the nearest distance at which‘an object can be
: clearly’focused upon.' There was no evidentveffect on the bisection’

. taSkvwben accommodation was about 0.5 didpters at a'distance of 208 em

and presumably retinal advancecwas’not a factor at the far distance.

Lo AT it T
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We should expect that blocking accommodation would alter alley

settings only w1thin the range of distance that accommodation 1s known

- 'to be effective . The- pu;ZEe is that the impoverished environment ‘

alleys seem to. be affected within this range of distance but the alleys _
spread out" as they approach the observer.. Considering the initial
convergence and the tendency to spread out near the observer we

v

tannot conclude that alley settings are more verldical due to the

o lack of retinal advance in the impoverished environment.

The results also show a significant difference between the

settings of two alley types, F(S 15) =3, 72 But the alley type

4

P

'differences are only evident in the impoverished environment and this

is suggested by ‘the interaction of environment with instructions and
axes even though this effect only approaches significance, F(5, lS) 2. 24

.15<p< 10. The distance alleys lie outside the parallel alleys in

the impoverished environment : x hvf

Similar to the result of other experiments reported here, the

) .
o

: alleys are not symmetric about the tables midline, E&S 15)=15.94.

Figures ll to 13 represent the same constructions as ngure lO
i

- plotted separately for 'three replications. This serves to show that

the difference between alley types is evident at the first replication

‘but the difference is greater for replications two and three. 'The;

change over replications is reliable, F(lO 30)%6.09. There is a

'progressive spreading out" of the distance alleys whileuparallel

‘ <

alley settings remain stable.

The results of Experiments 1 and 2 show that when head movement

~is restricted, alley type differences are generally epall and .do not

consistently result when instructions to the observer are nonsuggestive.

T
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entry represents the third setting of each
alley type. ‘

53



54

-

Blockiﬁg accommodation interferes with the "near.response“ and objects
and their surroundings.within the range of effective accommodation
cannot be clearly focused upon. » On the-basis of other results reported
here we have shown that inference does not account for alley type
difﬁerences but with accommodation blocked in the impoverished
'envﬁronment, reduced focusing may force the observer_ﬁb rely on a
judgmental prccesst The lack of veridical settings demonstfetes that

the retinal advance phenomenon does not account for the convergence:

of elleys.



General Discussion

-This investigation was concerned with the perception of parallels
and especially with the prediction of Gibson that in a complex
environment parallel‘lines should not be seen to converge in the
distance. Previous experiments that used the alley procedure prov1ded
suggestive results but were inconclusive in two respects. Firét
most of the alley studies were carried out under reduced viewing
conditions while Gibson is concerned With vieWing under more normal
or enriched conditions. Second a review of the 1nstructions given~
to the observers in the trdhitional studies indicated that the possible
range of alley settings was limited The observers were told to
construct parallel alleys that did not appear to converge in the .
distance. ﬁm/i ¢ \ . _ ( )

lhe effect:of instructions was investigated in Experiment lt
. Except for the modification of Instructions, which did,not prohibit
any type of setting, we attempted to replicate the method and
procedure of the traditional studies under impoverished viewing )
conditions. Under these conditions the typical convergence of alleys
near the observer is evident. This indicates that the instructions
used in the earlier studies were not the smle reason for the
convergence'of alleys. To determine whether the ambiguous instructions
that were employed in the present study produced any change in
convergence requires comparison of the extent of convergence with that
found in earlier studies. Direct comparison is hampered because ~stimulus
- dimensions vary for different studies and because the previous

literature has been aimed at questions related to the curvature of

v1sua1 ‘space and Luneburg s model in general. The data is usually

55 :
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reported in terms of K. Only Hardy et al. (1953) and Squiresa(l956)
report datavin a manner that we can use for comparison. For comparison
we again report the slope of a line extended from the furthest fixed
stimulus to the adJusted position of the nearest stimulus averaged
for 1eft and right side adj&'gments. -Individual or group data can
be.represented in this way. An increase in the reported slope
indicates greatet7bxmvergence near the observer

Hardy et al. (1953) report the data of a single observer that
typifies the constructions of eight of their observers. They constructed
distance alleys that lie outside the parallel alleys under dark room

)
conditions. We estimate that the slope for paralilel alley settings W

is .056 and for distance alleys the slope is .022, Two‘othEr observers
constructed t&o alley types that were similarly aligned with slope |
equi] to.about .033. Five otber observers constrncted distance alleys
ths: lie inside the parallel alleys but their data is not reported.

u‘

Tﬁe authors argue that« mbservers did not follow the specific

instructions for the twoia"’ nconstructions.
| Squires (19565 reported dark room data for omnly a single observer

who apparently followed instructions in a manner acceptable for .
interpretation. The distance alleys have slope equal to /010 and
“the parallel alley's slope is ;008. Alley.constructionsirere also studied
in an illuminated room but withﬁrestricted viewing conditions. Convé%gence
is similar for both dark and light room conditions. TFor three observers
that demonstrate elliptical visual space the distance alleys slopes -
range from 007 to .016 and parallel alley slopes range from .007 to - \\i
.Oll._ Another observer ' demonstrated hyperbolic visual space. His

distance alleys have slope. equal to .002 and' the parallel alleys have
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~in t%g impoverished environment of Experiment 1 do result in the

. ~describe the average distance and parallel alley constrUCtions of

e addétignaﬂ infgrmation provided by our light room conditions must be

'use ¢ }&aqd that Gibson s’ ideas have substance. _ i |

th

£

. s
slope equal to .019. Apparently this observer did not meet'the
‘authors' eXPeCtétionS and they suggest that hyperbolic space is g
- , : j
demonstrated by the settings because he did not follow instructions; :
. In comparison, our results shpw that the conditions we employed-
.

\7

often reported convergence even when the instructions to the observer
are modified to avoid possible bias. ‘Slopes equal to .021 and .023
<
four observers.
In the.enrichediconditions of Experiment 1 the same-observers
constructed alleys that converge less than the impoverished environment
constructions. In fact .the alleys diverge somewhat near the observer

with.slope equal to - 006 and -.003 for distance and parallel alleys

respectively.‘ This indicates that alleys constructed in an enriched

environment tend to be"true' parallels just as Gibson suggested. -

However, because of observers prior experience with_convergigg alleys

in"the dark room conditions, later constructions in the light may

Sl T

021 and .023 for impoverished

This decrease in convergence means that the

«“

E ﬁ‘-n w ‘ ' i |
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We pointed out that the results of the traditional alley studies

do not bear on Gibson's ideas because research was carried out under

i . . . 4

reduced viewing conditions. ~Gi‘oson believes that an'adequate basis ._ A ‘?
for visual perception 1s provided by invariants in the visual array ' ﬁ;}$(
L] : :
that is sampled by an observer either as he gaees fixedly at a scene R
‘ : 4 P>

or as he scans or moves -about in his surroundings. His is\primarily

-

a theory of correct perception that oCCurs wﬁen éhé proceesiné of Y

information does not 1ead'to an eqnivocal, contradictorvbor distorted

result. Under theae conditions invariants in the visual array provide

for direct veridical perception (Vickers, l97l).(a‘
Although the introduction of enriched environment information leads ) J

to a decrease in convergence, other aspects of our daza limit'the

support that is provided for the ideas of Gibson. One aspect is the

1ndividual differences in convergence of alleys in the enriched | : »

environment. The results range from donﬁexgence similar to dark room

constructions to even divergence'that is‘eVident fon some settings. £

Variabiligy like thia has been ré : ed by Battro et al. (1975) for alleys

o

constructed in large open fields. ‘Direct comparison with nis results

¥ o '
is not possible because he reports only the constant K. The individual

< Q . i

'differences in convergence are ndt'unnsual but pose a problem for the

lconvergence can change from trial to trial in the. enriched environment.

acceptance.of-Gibson's ideas. N . ’

As well as individual’differendesi‘a problem arises'because '

These changes are not progressive over trials and so do not represent
learning or improvement in performance but may@reflect the possibility
that convergence and symmetry are linked because ipf the‘prpcedure for

alley construction. That is, the observer sets on€ member of a pair

[N . . ~
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and” this serves'as'an anchorhfor-the other member of the pair. ‘The ‘
asymmetric pOSLtioning of alleys indicates that there lS notva jne
to one correspondence between Visual and tape measure space The alley

_‘method itsélf may also provide for‘a(certain lack.;f preciSion and
affect veridical settings Although alley convergence overall is
reduced in the enriched conditions the remaining lack of cOrrespondence‘
in terms of convergence changes and” asymmetry pose problems for conclusions
hased upon Gibson's ideas He might argue that even in the enriched
environment important stimulus information is ‘unavailable and sensory

intrusigns occur. ‘Unfortunately, Gibson does not provide a detailed

account of what happens when the perceptual system is confronted w1th
inadequate information even though this is a common occurance, at
least in perception laboratories
The results of Experiments 1 and 2 are unlike previous reports
in that the extent of convergence is; in general similar_for both
‘{alley types‘in impoverished and enriched conditions. Thisﬁmeans that
- previous reports of alley type differences may have resulted from the

-

nature of  the instructions provided the observers We initially
e;pected that our different instructions might serve to,reduce
convergence overall but they seem to act -to reduce alley type differenees
:-We described in-.an: earlier section the instructions employed by
Hardy et al (1953) and Squires (1956) that exemplify ‘the traditional
'approach We thought that in particular the parallel alley insmructions
might bias the observerS'settings. Observers.haverbeen told'td avoid v
any'hint of thekconvergence seen in railway'tracks. Intuitively this
seems to limit thetrange”of_possible settings. The distancevalley
“ instructions of Squires emphasize that‘observers are to_sensefthe



apparent widths and not to reason about the Judgments, which should

60

be immediate As well the observers are told that judgments often do
not correspond to tape-measure or physical space. Previous alley

-~ results do- not demonstrate consistency in relative positioning of

alley types even w1th1n specific studies although at least some

) authors claim that the results demonstrate consistency by eliminating
. ‘ : . ‘ ’%‘k
unexpected data. The usual argument is that observers did not follow

: : instruétions. On the basis of the variability and Ourvresults,'it .-l

now seems likely that both parallel and distance alley instructions,

may have been sources of confusion in th_ radi fonal studies.
Regarding the metric of visual space and spe ifically thebmodel

. of Luneburg this means that conclusions based up n‘reports-df,alley'
type differences are questionable. Luneburg and other'authors have
taken‘the alley;type‘differenCes'to mean that psychological parallei-
and equal'distance are not th.e»same.4 This and- the results from |
other experimental paradigms led Luneburg %2 conclude that binocular
visual space in.the absence’ of monocular cues must be described by .

9

a non—Euclidean geometry. But even in the impoverished environment:ﬁ”

of Experiment'l that'replicates the conditions of previous'studies\

. our observers demanstrate'a Euclidean metric in the terms of Luneburgfs
model | The fact that our different instructions may . affect relative
alley positioning means that we ‘should question whether the uradixional
alley method provides evidence for the metric of visual space. Baird
(1970) did an extensive analysis of the psychophysics of visual space
and he also concluded that the alley experiments do not provide

reliable data for an elaborate theory of visual space because of

e instruction and method‘related problems. 0f course Luneburg s model .

v ' . .
1 s
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of space 18 not our main concern,

6L -
does not describe results from an enriched environment and the" metric

\

We started out to attempt to resolve the different expectations

arising from the views of - Boring and Gibson ‘regarding the perception:

1of parallels. Boring accepted the report of Luneburg that equal

distance.alleys were constructed in a manner leading them to lie

’outside the parallel alleys and Boring argued that this resulcs from -

‘an addltional inferential process in distance alley Judgments But

N

4heven the traditional alley reports that aimed at prov1ding evidence - .

regarding ‘the geometric model of curved space do not. show that

distance alleys consistently lie out31de the pang%lel alley settlngs,
although the fact of alley type differences has not been questioned,
While the convergence of the alleys is not accounted for on the

basis of Gibson 's ideas, the spe01fic inference ideas of- Boring do not

£
‘account- for the results of Experiments 1 and 2 either because alley

nfi‘

type differences do not in general result when settings are not biased .
-

by instructions More critical is the result that some observers

i

in Experlment 2 construct distance alleys that lie inside the parallel
alleys. This is opposite to the ef?ect suggested by Boring

Even the overall convergence of alleys cannot easily be accounted

J'r " ]
i

) for by inference. The inference hypothesis rests on the assumption

that railway tracks are seen to converge in the distance due to
f

'retinal image Size changes CFoley, 1972). In contrast to this, the o

alleys that appear parallel or separated by equal distancewponverge

!

near the observer. An inference account must assume that the - observer

compensates for convergence seen in railway tracks and ‘this leads to

©

\
Do
2

convergence nearfthe observer in . alley settings.



does so only for distance alley constructions. ThlS unexpected

E oo ‘ A
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One condition that did lead to the. traditional alley differences

~occured’ in Experiment 3 " The results are: unexpected because with head
. movement free, enabling good scalar or metric distance information in

“the enriched environment alley type differences result Accurate Sy

distance information should provide for more veridicag settings but
BN

ﬂ
result means that the conditions tested here do not provide evidence

'\

"that helps to resolve the' differences of Boring and Gibson even when

the alley method is made more reliable by the use. of nonsuggestive

instructions. .
[

@

If Gibson s ideas were’ correct we should ~expect that alleys not
converge at least in the enriched env1ronment, and that the'two alleyéiZ%
/ B B

types should‘yield similar result‘. The enriched environment idformation

does 1ead to a decrease 1n0convergence and alley types are similarly

L aligned but wher additional distance 1nformation is available the

: parallel alleys converge and the distance alleys do not.:

. Under conditions that we expect to provide a test of Boring s
ideas (and the alley literature in general) we find that alley type'"
differences are not ' evident for most observers in either the impoverished

or enriched environments (Experiments 1 and 2). The enriched :wf
o

: environment of Experiment 2 leads to a: decrease in convergence that

N e

~ may or may’ not be accounted ior by an inference account. Under similar

+

) conditions with head movement free, alley type differences result ‘and

this might be expected from the ideas of Boring although it 1is not
clear exactly what to expect on the basis of his inference account
when additional infprmation is available.d

The free head movement results are paradoxical in terms of our.
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questiggs about the perception of parallel and equal distance. Undern
both,impoverished and enriched viewing conditions with head movement B v‘\T
restricted the perception of parallel and equal distance are equivalent
,for most observers. Information‘from the enriched environment leads
“to-am’ overall decrease in convergence and this: suggests that’ information
from the environment is important for direct and veridical perception.
On the other.hand,-head movement.should provide 1nformation about‘fjll
:egocentric distancel(Gogel, 1972) and‘settings shonld‘correspond 1
v ;closely to tape'measure'space‘hut parallel'and equal distanceljudgments
do not correspond | To account for this result we.shall have to con51der
‘other 1de&s that are important in the study of space perception.>

Before we proceed to a discussion of related ideas, we have to-

con31der another explanation of alley errors that we tested. This

o~ -"" N

'vwaspbased upon the concept of retinal advance,' Butgthis‘phenoﬁenon

» also fails to.acCount for the.results.. Whatever thelefgect of retinal
advance our resultsvshov that eliminating'it by blocking accomodation
4does not eliminate the typical convergence of alleys in the impoverished '
environment, and the result of conVergence is similar even in the
'enriched environmgntx Also, Miles (1975) ‘has. not suggested an ‘account
lof alley type differences. Curiously? alley type~differences result

An the'impoverished environment vit;%acconodation bloched. _This v
vresult is puzzling”but considering’the prohlems for interpretatiogﬂl
. posed‘byvthejresults’of Experiments 1, 2 and 3, it is not-clear what

‘to make of the results with accomodation blocked.

An Alternative lnterpretation of the Alleleesults'

‘.Contraryfto-Boring!s argument, our results suggestthE‘ dialogue‘
‘regarding the perceptual paradox ofgconverging parallels cannot be

resolved by application of .the'alley‘me;_thod._ To interpret the present
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results, we have to consider some other phenomena in the study of

space perception‘and reconsider the operations that result in‘alley

¢

settings .
. uﬁf‘ : ' ' . B {!
We have to consider the effect of compa;ing the. results for two o .
| v 0 R %
ralley types that differ in terms of the oﬁérat%pns followed for o A :
. 2 J’“w ’A K - LS ! ) : ot

construction. We might expect that different operatip make sal}ent

‘ different perceptual processes and we can speculate about the importance

and nature of the task- differenceSa

»

In distance alley construction the observer is requested to.
equatd the lateral extent of a pair of stimuli at a particular distance

from the observer w1th the lateral extent of the furthest fixed pair.

="

The parallel alley construction ‘requires that the observer adjust all

4

the stimulus pairs so that they appear to form two straight parallel

- lines that are only anchored at the furthest fixed pair. Within‘a

Euclidean geometry the criteria for equal separation between lines.

is equivalent to the criteria;for parallel lines. In an'operational

.sense the stimulus.array isridentical for both procedures but the

“instructions for parallel and distance alley;construCtion make the

one pair of stimqéﬁagt a particular distance is compared with only ‘the

‘tasks different We might expect that different tasks should result

in different alley settings

The similarity between procedures used in the distance alley
(o3

studies and procedures used in size constancy experiments is apparent

. except that in the distance alley construction the adjusted stimuli

-~ remain in the view of the observer. Because the lateral extent of l.»&

'furthest fixed pair»the perceived disténce of theladjustable pair might v

affect;the'judgment of.lateral extent. The»parallel'alley instructidhs : ”f'tﬁf

E fﬂ“;‘-: -
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are more ambiguous in terms‘ofiwhat the observer might do to reach the
criterion for‘straight‘parallelb1inesr'iWhatever the: effective procedureslg
is for parallel alley construction, the results witﬂofree head ‘movement

°

suggest_that the perceived egocentric distance of,stimulu5~pairsbis

not salient, perhaps because the obsexver is instructed to consider

the entire .array of stimuli in arriving at Judgments about straight

and’ parallel lines. o . a. <\'
Considering these task differences might help explaln how free éﬁ_

head movement alters the usual similar relation between the settings

for two alley types. Usually both procedures result'in similar
'convergence when head movement is restricted making egocentric distance

information unavailable. When head movement enables this information,

the distance alley settings are in accord vith_tape measure equal

rseparation but the parallel alleys are unaffected and convergence
' remains. Both,the parallel and distance alley stimulus arrays provide

relative distance information because fourteen stimuli are arrayed at.

2

vdifferent'distances ﬁxomfthelobserverr The suggestion here is that
egocentric or’absolute‘distancehinformation is only important for
distance alleykjudgments.' Accurate judgments‘of‘lateral separation
must depend on the perceived egocentric distance of the pairs and /
caccurate perception‘of egocentric distance should enable accurate
lateral size judgments ‘This is what we found with head movement free
in an enriched environment for distance - 11ey settings. If perCeived

egodentric distance is unimportant for arallel alley settings then

’ the introduction of . egocentric distance information should not affect

parallel alley~settings and»this is the result in Experiment 3., This

e e A s i b



differential effect of distance.
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two alley tasks are different due to the instructions given the observer.

/

We think that consideration of the possible effect of the task differences

is important for understanding the'’ 'Present results and this also has

\

implications for future alley research.

Since the idea is that the perception of egocentric distance is

- differently effective for the settings of two alley types we should

consider some of the. literature related to the perception of distance.
In general the 11teratute reveals that perceived distance often does
not correspond to tapé measure distance when viewing is under reduced
conditions and the perception of distance affects size Judgments
(Gogel, 1972, 1975; Foley, 1972). This compldcates the matter of
perceptual inference based upon the perception of distance but we
admlt that thp interpretation of the present results must remain
speculative because we did not investigate directly the possible
Gogel (1975) has shown that a depth.extent viewed under reduced
or partly reduced viewing conditions is seen at a specific distance

because a scalar perception is introduced even when scalar cues. to

distance are unavailable fle says that scaldar perceptions always

‘occur to depth intervals and the scalar perception can even be generated

by only relational cues, "an observer may never perceive a nonscalar

depth (or size) even though obvious sources of scalar information are

"lacking" (Gogel 1972). The result of the "specific distance tendency

"is that under reduced or partly reduced viewing conditions both near

' b
and far obJects appear at a similar relatively near scalar distance.

The perception of the object s size is determined by this apparent

N

vspecific distance (Gogel 1972, 1975) The scalar_netric does not

T
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‘necessarily correspond go tafe measure space and size impréssions
reflect the misperception of distance.

Other reports about the pefception of distance are well known.
in an open

field mark off successive distances that look like one foot each, the

For example, Giliﬁéky (1951) showed ghat when observers

“subjective fdot"‘éctually increases in‘length as it moves away from
the observer..

Foley (1972) investiéated the sizeQdistaﬁcé ihvariance.hypothésis
and His ¥;sults also show that perceived distance aQéS not correspond
to tape ﬁeasure space. This affects the péréeption of size‘orvlateral
extent. 'ﬁe says that_the fatio of perceived frontal extent to perceived
egocentric extent gfeatly exceeds the physicai“ratio, A frontal .
(lateral) extent is set'phyéically smallér than an_egocentric extent
when the two are to be-équated. He élsolpointed out théf the rétio
does not change iﬁ accord with fetinal image size cﬂbngeé and that
what he calls the "strong inference hypotﬁesis”'cannot account for the’

~underestimation of lateral gxtent. 'Fol%y.believes that‘this phenomenon

underlies much of the data related to Luneburg's model.

Of course, these ideas have not been directly related to the

~alley method but the mispefception of distance and the‘ﬁnderestimation

of lateral extent suggest an account of the usual alley convergence.
vConsidering this aA;‘the possible effect of task differences helps to
understand alley convergence and how only under certain_conditions the
perception ofjparallei and equai distance or separation are not
equivqlent.' Futﬁfe research,aimed at the pérceptual paradox of

conf?i@ing parallels should take these ideas as well as other method—

ﬁm 4
%ed problems - into account.
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Problems for Further Study

If the alley method of study is to provide for reliable. resultif//
we can now see that a number of empirical and method related questions
must be answered.

First, the results of Experiments 1 and 2 are suggestive regarding
the effect of prior experience. Observers in Experiment 1 seemed to
derive some benefit in terms of convergence by co nstructing converging
alleys first in dark room conditlons and returning later for enriched

/

environment trials. They constructed alleys that do not converge in
the enriched environment Observers in Experimeny 2 tonstructed allevs
only in the enrlched environment and the results do demonstrate
‘convergence | '

It is not clear by what means prior experience might affect
-later constructions. Observers did not receive feedback and were\not
allowed\to view their alley settings from any position other than the
fixed head position Yet many observers claimed to be dissatisfled
with the results of their judgments although performance within a

particular environment did not show progressive improvement.

other’alley type. If the usual notion of learning as improvement in
performance over trials can be applied, then progressive'changes in
alley positioning should result. In general this was not evident but
we did not study the problem directly, On the other hand, if error
detection due to stimulus or environment information that is available

. -

on each trial was effective then alley settings might not be expected
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to demonstrate progressive changes from trial to trial or from environ-
ment to environment.
| Another problem arises because of the asymmetry of alleys Again,
we did not directly study this possibility because prev1ous reports
suggested that asymmetry was uninmportant. But the results describing
asymmetry and convergenceidﬁ alleys in'Experiment 2 might be taken -
to mean that convergence and asymmetry errors are linked.
| Reduction of the ambiguity in terms of what the observer actually
‘does in parallel alley>construction is also necessary. There was an
.attempt in the early alley literature to equate the procedures for
construction of two different alley types (cf. Shipley, 1957; Squires,
1956). The distance alley method was modifieM slightly as &'result;

Priorito this the adjusted pairs in distance alley construction were
removed from,tée observer's view before the next pair was adjusted.

T Although this does equate the stimulus array for both alley types we
think and our results suggest t@at the two tasks differ in an
operational ‘sense. Whether egocentric distance information is salient
for one and not the other ailey type must be determined if the results
are to be compared.. | )

Finally, Gibson (1966) and Kaufman (1979) describe- the effect of
motion perspective which is another source of important information
from the environment.v Expenimeﬁt 3'investigated the‘utility of
motion parallax for alley judgments. The idea is that-head movement
transforms the optical array and the visual system may respond to
invariants in the transformation. This should enable direct anh

veridical perception. With free head movement the distance alley

settings are in accord with tape measure criteria for equal separation




-5

but the paréllel,alleys converge. Motion perspective describes another
Ssource of optical transformatibn; one that occursg with locomotign.,
'As we move about in} the world the optical array changes in many ways

and Provides informdtion about three dimensional spéce. One question .



A'geneﬁal*cpncefnaof fhe predbnt~experiments is the relation of
AN q,t. hﬂ( [ ;. .
visﬁal space to physic%l space, the latten takenyfo be the conventional

N i
L b
r kawr T ‘LW\W d'

space described by‘EUCliggeégge etry and what is usually defined as

1.

l
4
veridical #pace. ‘lowever nature ‘of Euclidean space is complex ’
K LS TR

and mathematical (Lunéburg, 1947) So to avoid .needless confusion we
will talk instead of tape measure space'. This we will_take to mean

the same thing as Gibson's Euclidean space. -
‘ I &
2. 1In fact, parallel and distance alleys must converge as they .

approach the observer but their positioning may stil1l demonstrate a

Euclidean metric if they are similarly aligned.

3. In Squires' study the dark and light room conditions yield similar ﬁ

results whereas our data demonstrate a clear difference in convergence "f;.é

“5‘“ -

for the two environments The light room conditions that‘Squiresﬁ 'hl{l_:

T @
employed were reduced viewing conditions and all surfaces were
o B v &

screened from the otserver's view. This indicates that the lightﬂ @lﬁr
I I

oo .

room conditions used by Squires did not contribute more information - ’

Ly

to the observers than the dark room conditions. Comparison of thése‘ . }
and the results of the present study is somewhat arbitrary because
/

the lateral separation between the furthest fixed pair differ ,Ihe

‘»%l : L
separation was 20 cm in Squires study and 40 cm in all1experiments N

N o
. r.a» o

reported here. This makes the range of possible slopes smaller for‘\b ;

Squires' results. , ' LS ’ ‘f g 4’ v;‘ﬁ

o R

4. Some authors have misinterpreted the meaning of the traditional

-

alley results. Foley (1971) says "In 1913, Blumenfeld showed that ‘two
lines of light points extending away from an observer and arranged 80
that they appear parallel do not appear equidistant at every point

Conversely, rows of lights which appear equidistant do not appear
- ' 71
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3 @paréllel" (p.324). But observers do not compare paralllel and distance

alley settings and so the alley results cannot be ':Lnterpreted as the
s ' |

quote suggests. . ‘ _ . )

cl'
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Table 1 _>‘ o ‘f

EXPERIMENT ONE ANALYSIS QF‘VARIANCE
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Table ‘2

EXPERIMENT TWO: ANALYSIS OF VARIANCE

0 (G

Source 7ET df MS
3
G ‘(group) 0(G) 1 170.043 . #1.00.
A (alley type) ©A (G) 1 0.917881 ' 0.02:
'~ R (replication) OR(G) 2 330.116 12.65%
'S (side) 0s (G) 1 4.73199 - 3.34
X (axis) 0% (G) 5 30.3940 12.49%
)(observers within groups)s 170.296 '
- GA - OA(G) 1 191.405 3.81#»
GR: OR(G) 2 6.72803 0.26
AR OAR'(G) 2 10.2546 0.81
GS 0s (G) 1 7.32982 5.17
AS OAS(G) 1 0.870881 = . 0,66
RS ORS'(G) 2 792.629 R b0t R
Gx 0X (G) 5 3.24156 1,33
CAX e s OBX(G) B oy 590.547199 0.39
RX ORX (G) 10 . 8.26004 5.76%
SX OSX(G), 5 o  1.09258 1.89
OA(G) ’ 6 50.1836 '
OR(G) _ 12 26.0902 K
0S (G) . 6 1.41820 NI S
0X (G) " 30 2.43380 ettt W
~ GAR ' OAR 2 16.9359- SR 5 V-
GAS OAS(G) 1 6.67350 - ,5.03 70
GRS ORS(G) 2 7.50269 . -0.33.7°
-ARS OARS (G) 2 0.398682 04030
‘GAX OAX(G) 5 . - 3.24796 s 2.32%8
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" ARX OARX (G) 10 . 0.673401 1.24
GSX 0SX(G) 5. " 0.478018 0.83
ASX: - OASX(G) 5 0.796826 1.23
RSX ORSX (G) 10 19.7708 11.87%
OAR(G) : 12 12,6544 : :
OAS (G) ¢ 6 ©1.32606 »
ORS(G) 12 23.0121
QAX (G) © 30 1.40098
ORX (G). ) 60 ©1.43390 "
0SX (G) ‘ ~ 30 - 0.578973 ) ,
'GARS OARS (G) 2 4.42525 - 0.33
GARX OARX (G) 10 1.03847 -+ - 1.92
. GASX OASX(G) 5 0.580869 ) 0.90
I GRSX ORSX (G) " 10 0.900571" ‘ 0.54
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ARSX OARSX (G) 10
OARS (G) ' 12
OARX(G_) : : 60
OASX (G) _ . 30
ORSX (G) : 60
GARSX OARSX (G) 10-
OARSX (G) 60
. e
*p < .05 g!p
$%p < ,10
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0.704773
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1.33219

0.910672
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Table 3
i EXPERIMENT THREE: ANALYSIS OF VARIANCE
® L ;
Source ET af MS P
/ O (observer) < 3 219.786 »
’/ A (alley type) oA 1 652.208 12.84%»
R (replication) * OR 2 10.6486 ©0.43
S (side) ‘ 0s 1 951.197 . 14.23
A . X 'laxis) 0x 5 2.83082 0.55 ~
T () 3 50.7865
. OR . 6 24.8550 -
AR . OAR 2 8.45232 0.49
0s . 3 224.826 :
AS OAS’ 1 14.0447 . 4.15
RS ORs 2 12713000 0.46 1
ox ‘ 15 ."5.18504 ot
AX ~ OAX 5 ' 27.0222 7.59¢
RX ORX- 10 1.00410 1.36
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* OAR .6 17.4116 L
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ARX ‘- OARX 0 0.593775 0.52 .
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ARSX " OARSX 10 . .1.40382 1.71
OARSX 30 0.823705
% P .05
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EXPERIMENTFOUR: ANALYSIS OF VARIANCE

Table 4
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