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- .- mBSTRACT . .

‘ ThlS studynéﬁVestlgated the p0551b111ty of dlfferentlal

~proce551ng by the two cerebral hemlspheres in recognlzlng

3

.the. second of two succe551vely presented dlgltS.. The second .

3

dlglt was either normally oriented or else it had beent‘
rotated %80° around one ‘of three dlfferent axes- of v1sua1

space. A same-dlfferent reactlon-tlmes task was used'w1th

three factorlally comblned W1th1n—subjects varlables. Stimu;us

Posltlon (Left, nght Vlsual Fleld) X Orlentatlon (N@%mal,
W

iRotated) % Hand (Left, nght), and one betweenwsubjects
variable: Axis of.Rptatlon (X, Y, Z).L An 1nt@ractlon was’

obtained between Stimulus Position and Orientation- normal

and rotated forms were processed equally well when presented

& the ieft V1sual field, whereas in the rlght V1sual f1e1d

there was a significant dlfference in favour of the normally

or;entedwforms. The results 1nd1cate that the left and rlght

cerebral hemispheres may dlfferlln.how.they ptocess spatlally

_ transformed shapes. - 5 o s
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- was found, whereas p051t1ve 1nterocu1ar transfer occurred

ARV INTRODUCTION - - R

ek

ey
.

‘Theilateral(hirrOr—image transformation“seems,to be
unusual compared to other orlentatlonal changes of a v1sual
stlmulus. " A number of studles-wlth an1mals’(rat - cat,’

A
monﬁey, goldflsh octopus, plgeon) have shown that more -

l

errors of dlscrlmlnatlon occur between 1ateral mlrror-lmage

.

‘stimulus’ palrs than up51de down mirror- 1mage palrs (Corballls
& Beale, 1970 Oover & Over, 1967). ~Interocular transferr .
studles by Mello (1965, 1966) w1th pigeons, and by Noble'
(1968) w1th monkeys have 1nd1cated that the lateral mlrror-

1mage transformatlon is spec1al negatlve 1nterocular.transfer
&

N \

for up51de~down mlrror-lmage pairs, and for.geometrlcally

°‘d1551m lar forms. Humans show more errors and longef

reactlon tlmes for lateral than for up51de down mlrror image

< o,

dlscrlmlnatlons (Over & Over;"l9677 ‘Sekuler & Houllhan,~ﬁ 0

',1968) 1It is common for young chlldren to laterally reverse

'J
. letters and numbers 1n learnlng tq read and wrlte, although

. \ *
other orhentatlonal reversals are rarely made (Frlth 1970)

Th? contlnued manlfestatlon of these reversals 1s the '

’

primary symptom of dyslexia, which occurs in about one out

of . every forty chlldren (Ginsburg & Hartw1ck 1971) : g véil’ﬁ

- . “
. . . “ R -
B - . . R . Ll
, . L . . .

b
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¢ Coet . ‘ A( - . - . , ‘, B 2'.~ ’
T}{sere have been four ba51c theorn.es pr.:oposed to

B /o t
account for performance dlfflcultles obserfd with lateral

mlrror 1mage dlscrlmlnatlons, 1nc1ud1ng dy lexid. -One Is

) based on anlmal research and posJ.ts a neurologlcal orlgln

the corpus callosum, J.n comblnatn.on w1th the structural

bllateral symmetry of the\cgp:ebral hemispheres, may mediate
.);\'

lateral reversals ' This c#tild. occur either perceptually

or. mnemonlca,lly (see Corballls and Beale, 1970 Mello, 1966,

Noble,’ 1968) ., Anotheb{)(:éxplanatlon is that the Pas:.s for

o lateras mirror-— 1mage confus:.on is behav:.oural ‘This argument
Coe . L .

. counters the prev:.ous one, suggestlng that <pecu11ar1t.1.es. of

-

the test:.ng s:Ltuatlon can explaln the mlrror image., dlfflcultles
L (Beale and Corballl's, 1968; Hamilton, Tn.eman and W.w.nter, 1973) .

A thlrd explanatlon, dlrected at dyslexics" dlfflcultles lS

N '

\" o " that mlxedamlaterallty‘".‘ls at fault. 'I‘he ldea here is that
:\- ) ~ the r‘i.gh't hemisp'here has lateral mirror-—lmage ‘engrams w;th

W - -~ respect to the left and confusiong between veri‘d,ical;and: '

T ’ . TN .
mirror-image forms occur if one hemisphere"is not functional_ly“

domlnant over the other for llIlgUlSth process:mg (Orton, in ..
o b ]

N Ingram, 1969) A,fourtn explanatlon is that there is a

L

r special mechanism for orientation which malfunctions to

- , 'cause improper coding of orient‘ation (Kolers‘, 1972)." None f

rd

of these explanatlons, however, is entirely con51stent w1th

v a

e o the ev:.dence. . The follow1ng discussion will attempt to

concentrate on thelr relatlve explanatory powers.
.Lateral nﬁrror—lmage ‘stimufus paJ.rs give ‘anomalous Qo

G’ . . results in the interocular trangfer task. This-task 4nvolves
S A . . : LA o T . -

—
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monocular viéwing, with direct visual projections from each

4
eye ejther surgically or naturally lateralized to o'ne .

)

cerebral hen{isphere.' In the case of the 'pj.'geon, each eye

v

projects -solely ‘to the. contralateral hemisphere naturally;.

A"

7

however, in mammals the fibers at’thé optic chiasm must be ’

sectioned in order to la(eralize input to one hemisphere

(1n thlS case, the one 1p51lateral to the eye). In the

[}

.training perlod .an’ anlmal is rewarded for the ch01ce of one

of two shapes untll h:Ls performance reaches a predetermmed

Y

‘L‘rlterlon. In the test phase that fcllows, the prev;Lously

occluded eye is used and the eye prevrously used in tra—mz.ng

,1s now occluded . The stlmuln. are unchanged, and.the task for

the anfmal is to perform the. dlscrlmlnatlon £6r which he had ™!

o
\ v - -

prev:.ous’ly been trained. ’I‘rrals.are either nonrewarded, or

{

" . both shapes yield reward. Pesitive interocular transfer is

evident when the animal responds more often to the’ shape

which was rewarded'during trainihg, while negative transfer

occurs if the animal shwws a preference for the prev:.ously

unrewarded shape. o - Ty e

E

3,

-3
eI
o

Normally, positive interocular transfer’ is anticipated

in thlS task This is found when the visual st'imuli are

v1sual forms (Mello, 1966; Noble, 1968) . Negatlve :Lnter-
. N - . 9 .

ocular transfer is obtained with pigeons, goldfish," and'<
) ¢

'monkeys when lateral m:.rror—lmage palrs of v:Lsgal St,lmul].
are ‘used *(Mello, 1966 -Campbell, 1971; Noble, 1968) The

iatter is not a. unlform flndlng, however, ln that not all

e

. , . B '
a. . . ’ a
. ‘ . ¢

) / -1
- ups.1de-down mirror—lmage pairs or geometr:.cally d:.ss:.mllar

v

of

'w‘

'



r - . T e KN - ; ' LI . o .
'the 1ateral mi'rror—image'pairs yielded- negative transfer
. R " -

x Lo 1n Mello s study (1966) ’ and, the preference for the negatlve
shape was only eVJ.dent after the fJ.rst several trials in’
T the monkey (Noble, 1968) Furthermore, Hamllton Tleman &

Brody (1973) used a matchlng to sample varlatlonoof .the

interoculaxg tran'sfer test and found positive transfer for

-
" « Py

-0+ % -« upside-down mirror-image pairs, but chancé-level responding

e for the lateral mirror—image pairs.
. ) . . . i L9
-'Mello suggested that if there were a ori‘e—to-‘o'ne
3 . o
spatlal mapplng v:.sually for. the two hemlspheres, then thlS

L reversal could be easily explamed as an artlfact of J.nter—

hemlsph\erlc ,transfqr. ". Because -the two cerebral hemlspheres ( )
a N . . L. . - R .

are lateral mirror-images with respect to each othgr), one-

-~ ‘. f

: to-one spatlal mapplng would result in &\%eflectmn about ]

f

" the mldllne between them (see Figure 1). Noble applied- the
“same explanatlon to mammals; he further suggested that direct-
opt1c information - normally overrldes the J.ndlrect (callosally‘
_ transmltted) 1nformat10n, so that normally veridical 1nform—

- *

ation is percelved; with the callosal mformatlon belng

N o perhaps ‘accessible. Noble suggested that “this dUal J.nput
' '

MW " _ would sometlro\es be in confllct causmg ‘lateral mirror- 1mage
el o N

: dlfflcultles in perceptlon. 3 .-‘ , : : k

Corballis & Beale (1970) have suggested that if - 7

1nterhemlspher1c reversal does occur, then 1t is llkely to.
" be at a later temporal stage than Noble theor:.zed :I‘hey

- '; *  suggest that mlrror-reVersed memory engrams are shared-" '
. ” n - . ’ "

interhemispherically at some pc‘)int‘after the ‘actual perceptuwal '

+ . -~ -
. . A : .
. N N . v : N - .
. .
[ . . - . . 4 . i . A
. ! .. . v ‘ NS S
. - . ' i -~ . N - .
* ‘:\\ . ’ . - . A
. 11 . -~ . : . - . ’
'5.!‘ e L 3 .
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exchange, which would be veridical. Thfy*pointed out that
. this interpretation is eompatible with the callosal reversal

3 .Z§a~studies of Mello and Noble. They gather further support from

\ L]
dlfflculty in a recognltlon task than a detection task with-

fateral mlrror—lmage stimuli. . ‘

a

LN The interhemispheric_c?mmissures are suspect as the
!\ N .

txhediator of thesé reversals because they appear to be'\the
prlmagy transmltters of information of one hemafphere f
another. When they are sectioned, 1nteroeular transfer“
’therally does'nqt.occur (Myers, 1961; Npble, 1968; Sperry,

« " ~.1961). When the optic chiasm is intact and. the -corpus

1

- callosum is severed, transfer +is poeit}ve. In this case, -
> ) input is not lateralized to one or the other .hemisphere.

The only situation in which interocular negative transfer

—

“ -is found occurs when lateral mirror-image visual stimuli are

used, and interhemispheric transfer of information is .re-

”

e qulred durlng testlng. : .

a

There are other‘flndlngs which imply 1nterhemlspher1c
. 1 .

transmission of mirror—-image equivalence. Unoperated pigeons
;o ., weré ttained to peck at an oblique line stimulus, and a

ngeneralizat"ion.gradient was obtained as the line was rotated
. a .
= T through 90°. The result was a b1modal gradlent, with one

peak at the original stlmulus and another at its mirror-image..
o, ° Ty,

« However, birds W1th sectloned 1nterhemlspherlc commissures

i gave unimodal gradlents, w1th the peak at the original

i stlmulus oglentatlon (Beale, Williams, Webéter & Corballis,
‘ h /

1972) . S

Over and Over (1967), who found that children had much greater

[N
—




&

One interpretation of these findings was suggested
originally by Beale and Corballis (1968) , who argued’for
what they call a “beak shift" nothn They foun&’that plgeons

tested for 1nterocular transfer tended to favour one s1de of

Ky

the key over the other, and that the side favoured was-usually
that of the seeing eye. 1In this case, the bird was pecking

- a different'side of the key tor‘each eye. Beale & Corballis

- (1968) concluded that the extent to which plgeons 1atera11;ed
their pecking determlned the extent of 1nterocular mirror- .':'
1mage reversal, They further suggested that a pigeon was

only attendlng to. one 51de of each stimulus; this means that
each stimulus line would ocCupy only an upper'or'a lower
quadrant of the circle in which it was drawn. When the
opposite (untrained) eye was used, attention was switched to
the oppos;te side of the stimuli, and the stimulus which had”

prfviousiy.occupie%’the upper quadrant was now seen in the

lower one, vice-versa for the other stimulus. Thus, if a
. - : £

ar

bird was' pecking on the basis of quadrant, or the side of a

visual stimulus, h%éwould reverse his preference inh the

L - -

transferﬂtest.
. ) a\‘ )
These notions have received some recent support.
v . ‘ b ® . . '
\ B 3
Lehman and Spencer (1973) found that monkeys were fixating
' 5, N .
rigidly on the center of the patterns, so that when their
optic chiasm'was sectioned they anly saw (or attended toh
one half of each stimulus. The side attended would be opposite

. 1 . $
for each visual half-field. These researchers trained monkeys

with sectioned. optic chiasma to discriminate monocularly

-
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'a left-sided resemblance to the square and a right-sided’

t » -
Q

7/ . ) - '
between a diamond and a square Battern.- In the. test phase,

one of the shapes had a' right-sided resemblance to the

'previousiy rewarded squafe, and a left-sided resemblance to’

the diamond .(termed "right polarity") .. The:- other shape had

.

. i "
resemblance to&the diamond ("left polarity"). The palﬁ}gooked

something like this: . . . Animals tested with the

right eye preferred right-polarity shapes. The authors con-
cﬂkded that the optlc -chiasm-sectioned animals had a tendency
to pay greater'attentlon to the opp051te side of each shape
Gith each‘eyed anduthat th%s tendehcygcan exp;aih interocuiar
reuersals with late?al mirror image forms.

‘hamilton, Tieman & Winter (1973) trained animals to
discriminate between Stdmuli: W vs. W and < Vs. *, , each paif

- A1

being the same on the right half and different on the left,

- When the subjeéts viewed stimuli‘with the left'eye, the task

was very dlfflcult (a mean of 2,394 trials to crlterlon),

but the task wast<fsy w1th the - rlght eye (a mean of 71 trlals

°

to criterion). These relations were reveérsed when the stimpli

were rotated through 180° X_m vs. m‘anda?ovs. . ). The.

"'investigators suggest that, again, the animdls were only

attendlng to cues on one side of each stlmulus. v ‘

]
All in all, the behavioural explanatlons‘Seem to give
a more plausible account of the happenlngs 1n ‘the 1nterocular'
transfer test1ng than the" callosal reversal theorles.

" ..

The third and fourth explanatlons suggested earlier

{were proposed spec1f1cally to- account ‘for dyslex1a. . Several

. 1

-
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. . . M e . — . ° . 9.
. . . -
. : . . .

investigators have found a high-incidence of, 1eft—handedness,,

1ncon51stent lateral preferences and ambldextrallty in, thelr

4

samples of dyslex1cs as contrasted W1th normal populatlons
B . \}
T S (Ingram, 1969, Zangwill, 1962) In most rlght-handers the ..
control of speech. productlon is laterallzed to the left .

hemisphere; however, the proportion for this left—hemisphere:

dominance for speech is considerably smaller in non-right—

handers (Branch, Milner and Rasmussen, 1964). ‘In the 1930's
Orton (cited in Ingram, 1969) suggested that there'is no -
= S . R

strong or consistent lateralization of control for linguistic
‘-proee551ng in dyslex;cs, and that the rlght hEmlsphere has
memory traces which are lateral mirror= 1mages w1th respect to
the left. error-lmage-confuslons could be_made becauselof .
the cohflictinglhemispheric information. o ’
| Other theories have proposed an orientational pro—
"ce551ng mechanlsﬂfwhlch could malfunctlon to- cause spurlous
reversals or mlspercelved orlentatlons (Kolers, 1972) None of
) - -these, however, are stated ln preC1se terms,’ elther anatomlcally
v - [ 4
. \ or in. terms of thelr sped1f1c behaV1oural 1mp11catlons.
. All tolo, none of the explanatlons is entrreZY con icing. :
The evadence does suggest howeger, that the laterai nirror— :
}mage-is'a special case,among sfimuli7'and any information gained
as to how it is processeﬂ'couid‘have—implications for'dysiekia.'
— 'Researph with humans who have had their eorpus callosum'
severed (the so-called "split-brain" patients),'and other |

‘,cllnlcal studies of patlents with unilateral cerq?ral damage,

have 1ndlcated that the two cerebral hemlspheres are dlffer-

[ B !
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- e/.ntially.sp'ecialized (Gazzaniga, ;1970; Milner, 1969)., The

" technique in which a sub)ect must decide whether two letters\

- ‘10.

.- - '

;
i

separate functioning of the two hemispheres in these‘patients°
¢can be studied with divided visual ‘fields. More recently, Y
experimengalwstgdies have been carried out using divided

visual fields-and norial subjects, with reaction ‘time measures.

i

The clinical and experimental d#ta from normal and split-brain .

"

subjects have generally. produced consistent findings. With
unllateral preeentations of pictures, random patterns, words,

and letter stimuli, verbal stimuli are.processed more quickly

’

°

Qhen presented to the'right visual field whileinonverhal
etimuli are, in general,'proceseed faster wheh projeoted to
the Yeft visual field (Ganzaniga, 1970;:Geffen, Braoshaw"&
Nettleton, 1972 RlZZOlattl, Umllta, & Berlucchi, 1971). .-Q “;Tfl..;j

In normal subjects one- cannot necessarlly assume that

the hemisphere to whiéh the stimulus is projected is that . h

which dctually processes the dec1sron. The longer reaction

’tlmes for different types of stimali in the separate v1sua1

frelds could reflect the extra time taken for the stimulus to

cross via the callosum in order tonbe»processed by the

hemlsphere spec1allzed for the task, or it cowuld 51mply

reflect relatlve temporal eff1c1enc1es of the hemlspheres.'

Several 1nvestlgators have used a reaction time

"have the same name or not.(e.g., Posner & Taylor, 1969)

When the two letters do have the same name, they may be the

-

-same in ‘name’ only (e.g., A a), or- they may be phy51cally

P
<1dent1ca1_(e,g., A A). Recently, Cohen (1972) and Geffen,

(- ’ ’ 4 ' 4



.in the rlght v1sual field, and that the-’ phy51ca1 identity -

Bradshaw & Néttleton’ (1972) have found that subjects are

faster in maklng a name 1dent1ty match w1th stimuli shown

: N Ce .
match is made faster with stimulus presentations in the left .
visual field, These results suggest that the hemispheres

o

b
are spec1allzed not mereLy for certain types of stimuli (e.qg:,

)

. llngu1st1c versus non—llngulstlc), but for the typé of pro-

,'ceSSLng that is demanded in this Case, whether two stlmulr

can be processed as two v1sual forms, or. must be . processed as

names,
. ;;ﬂd“lt may be.that.one hemisphere is relatively more

eff1c1ent in proces51ng familiar symbols that have been.

o

spatlally transformed than the other.' ThlS p0551b111ty is

suggested by a recent study:by Taylor (1972a), in which subjects

were requ1red to dec1de whether a strlng of words descrlbed
the same number as a pair of dlgltS The words were stored

in memory, . whlle the dlgltS were presented for comparlson
{

‘'with these. The digits could be elther normally Qriented

or'fotated“in any one of the three spatial dimeﬁsions (X, Y, .

> r

or Z axes of rotatlon in a grav;tatlonal relatlve Carte51an

‘coordlnate system) . The reaction t;mes were found to be
'c0951stently faster-when the rbtated digits were presented

in the left visual field, but‘the normgﬁly oriented digits
Yielded faster reaction times in the right visual field. The

left hemisphere mayitherefore be showing greater efficiency

‘for the digits’in their familiar orientation, while/the right

. . . t . ‘ ' \
was relatively more efficient when the shape was in a less

i . .,'

1



*faﬁi;ier‘qrientation. In a'simiiar vein{‘Braihe‘(1972)
found that when the distinguishing cue of her rotated

‘ geometric figures was oh the left sidé, tﬁe reaction times
“for recognrtlon were faster than when they were on the rlght.

The purpose of the present study was to- 1nvestlgate

¢

e the possibility that there may be laterallty effects in %he

recognition of spatlally transformed flgures. ‘The study of

Taylor (1972) had some suggestion that this is a p0551b111ty.

. Furtherﬁore, lateraiity research'in geueral and the studies
dﬁ Geffen et al, (197§) and Cohen,1197g) in partieuler suggest
the possibility that‘each hemiséhere processes visual stimuli’
iu'dffferent ways. L 1 .

Two varlables were used whlch might possibly show

_laterallty effects. One of these was stimulus position, W1th

rlght and left ‘visual fie}ds as the two’pdssibilities. Each

R =)

L v1sual fleld pro;ects only to the contralateral cerebral
hsmlsphere, so that this is a source. of anatomical lateral—

. ization. Hand used for respondlng was- also a varlable.
[« 30

Control and coordination of each hand is prlmarlly a functlon'/

of the qontralateral cerebral hemlsphere (Gazzanlga, 1970,

—y ' *
- - Sperry, 1964). Thus, any systematlc relatlonshlps between

B
"~

34fﬂ§§ual field and h?ﬁ§§COU1d imply an u?derlyrng relatlonshlé
involﬁin@'diﬁferent hemisuheric functiening. Ho&ever,'the ]
lateralizetion of hand control is not cdmplete; so that the
< hemisphere'ipsileteral to théﬁﬁand may direct-the hand's.
\ “.response (Gazzaniga and S?erry;‘l§67). A?third‘vériable

,was orientation, with two levels: normal orientation and a

-

|
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~ . ”, "
~.*
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LT . S T | 13.

rotatgd'o;ientation. The normal érién£a£ion served as&§~”
" baseline for cqmparisan wiéh the rotated'fgrm in eaéh Viéual>1 '
‘field“and‘with each hand. fhege'three,variables welre.allr
jfactariaily combined wifhiﬁ-subjects‘variables. The fourth

variable, a between-subjects measure, was axis of rotation
s . 8

uséd for the rotated stimuluéti Threeﬂdifférent axes were
used, yielding three different mirror—iﬁaqé stimuli, tﬁé'létérgl
m;?ror—image transfdrmatioﬁ being of greatest:interest because
of the literature which indicqtes;gréater difficulty and
confusabi;it§-with-this‘thaﬁ with upside*déwn mifror-imaée

stimuli. e
METHOD | s -
Subjects . _ . L ‘ . ;

‘Sﬁbjecﬁs were right-handed adults with ages' ranging

A3

Y

"% "f¥om 16 to 30 years. _All were students at Memorial University-

r— gm0

‘_at‘eithef the:graduate or the - undergraduate levelz .Handednéss
re - .
was determined by subjects.! vetbal report.
’ s
; A total of 72 subjécts was used for ‘the .series of
s exggriménts. Twenty-four were used for each of'ExperiTEﬁ;s
TN ) ' . . ’ - .
oo I, IT and III., The subjects who served in Experiment III

also served in;Experiment IV. Half of the subjects were = .
S .ws " .male and half were female in each experiment. . '
Stimuli -

. oy "D
The stimuli were digits which weére presented on a °

"céthode'ray tube (CRT), which was’ of dimensions 18 x 26-cm.

‘The digits.uééd‘wére:ll, é,‘3, 4, 5 and 7. Each subtended
s . . .‘};' X . . b ’b . . ’ .

-~ . ¢



. .I'"A

for.the third it was 1521', + 451,

1‘\).° L -

at the end_of the second 8I; this comksisted of the ieference

14.

NV

‘a horlzontal v1sual angle of lB', and”a vertical angle’ ‘of

o

30", + 10' as sub]ect moves his. head-e@%resentatlons and =

e ]

timing ‘of events within a seséloh we;e controlled by a

Hewlett-Packard 2114A computer. This system is described

mofe‘completéiy by Taylor (1972b). Three displaye were used.

The stimuli of the»three displays all subtemded the visual
angle vertically of that of a single digit: ‘30'. ' The stimuli

of the first display subtended a horizontal visual angle of

38!, f 21}; for the secohd_displey'it was 18' + 10°', ahdh

=
Procedure : B - -

. All subjects were first_given uniform written

instructions as to the event& within a session (see Appendix

-

i

Each trial con51sted of three sequentlal v1sua1

\ ~dlsplays on the CRT. Theﬂflrst dlsplay.con51sted of two

‘adjacent digits at'the centre of the CRT screen. One of

these (always 51tuated left w1th respect to the other) was

a reference d1g1t, and. the other was a target digit. ' These L

-two stlmull stayed on the‘screen for a perlod (defined iater)

called -the Stahdard Intervhlxg§11. At the end of the first -

SI, the target digit disappeared, leaving cnl§'the referencé.

A

digit in the centre of-the screen; the duration of this :

¥

display,was’also equal to SI. The third display‘hes presented'

¢

- 7o -
digit and a test digit. The task of the subject was to

PR ‘

‘determine whether or not' the target and test diéits were-

kX
/ . . -



. i

7 ) .

. i . ] -, . .‘.,:1 L . . . PR N

the same number, requiring. a "yes" or "no" answer. The et
A i . N - . ., .

time llnlt,for a response was also SI. If the subject did-
not respondlwithin this interval, or if“he answered in-
correctly, a large X" appeared in the centre of the screen

) and the trial . was termlnated "The reactlon tlmes of these

PO

error trials were not recorded If the subject responded
correctly W1th1n SI hlS reactlon tlme ‘'was prlnted in theé

Jlower left hand corner of the CRT and’ the trlal was termlnated

Thﬁs reaction t;me defines .the response interval (RI).

i : . -3 a
The sequence of-events would be something like the 4 K

following: "45",..."4".;.."47ﬂ‘(reqn}ring a "no! response) ‘.. x’/'

”or "37"..,."3"...."37" (requirfhg a "yes" response), See

Flgure 2.
The test dlglt appeared for 50% .of the trlals to the
~ left of the reference dlglt and 50% of trlals to the right

te )

" ‘of* the reference dlglt these p051t10ns belng randomly

»

"dlstrlbuted '50% of trlals were allotted to "yes" and ‘50%
to "no", also randomly assigned throughout a sessron.,

“ . Subjects 1nd1cated their answer by pre551ng one of
“two response.buttons.- These two buttons were 2 cm. apart;
and the leftmost one always signalled the "no" response and e «]}“

., " o

the rlghtmost -one- ‘always 91gnalled the “yes" Using the = .-

e

'rlght hand the mlddle flnger controlled the "yes" button
ﬁ'and°the 1ndex flnger controlled the "no” button. With the R
left hand these relatlons were reversed, w;th the 1ndex

'flnger-controlllng the "no".button and the mlddle flnger

controlling "yes!. Lo
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is laced with these inhomogeneities, which have not been’ A

" estimated directly; T v

/}\ ' e - ,- : A b -

~ -

The flrst two drglts, the reference and the target.
diglts, were randomly chosen from +he ,pool of the 513-
stimulds digits['with the constraint that these could not

be the same as either the reference or the target dlglt ,

t"b‘“
Tﬁey were randomly selected from the- remalnlng four pos-

i
Slbllltles. In the case of a "no" trial the test dlglt s
could not be the same as either the reference or the target A
\‘\\ .
dlglt and was randomly'selected from' the remalnlnglfour .

digits. : : . . o

Temporal Scallng - SN

Boredom and unnecessary double checklng produce
) R . ~
! .
exCe551vely long.reactlon.tlmes. The subject aISO falls to -

»

,ettend on occasional trials. These behaviours constltute

¥ .
sources of 1nhomogene1ty whlch are comma‘,ln reactlon tlme BT
tasks. One technlque to av01d this. 1nhomogene1ty is to
throw out trials which exceed an arbltrary statistical

criterion of bednq too iong. Qet that procedure does not B

\ attéch the source of the inhomogeneity because it fails to -

inform the subject that taking too long constitutes an error:

-

Similarly, any arbitféry statistical"criterion is'fallihle‘

" in rough proportion to how thoroughlyaa'éubject's'berformance

¢
P

.{/.

" The procedure used in thlg experiment wa™to. _establish

-

'_a tlme limlt for respondlng and adjust exposure duratlons
..of the stlmulus arrays on each\trlal, for each. subject, ata

ha‘value near the upper end of his cumulative reaction time

L e : o



'throughout a.session‘as’the risks of boredom -and inattention

distribution. In this way, the time scale of a trigl and
. - L
permissable reaction times were lowered progressive
increased (Taylor, 1972). : ' S
- The subject,initieted each trial by pressing both
. . N ’

response buttons, thus insuriﬁglthat the intertrial interval

: . . . i . L . . .
met his changing crlterlonf%f readiness throughout a session.

"If the subjecE did not start another trial immediately, a

ready signal was presented during the ‘intertrial intervaﬁ.

This signal wasa flashing line with an on/off cycle of 75:-

- msec. It appeared in the lower left hand cornér of the CRT. °

e . , o
The SI began at 1500 msec. for the first trial; for - . °

subsequent trials it.was the lesser of 1500 msec. or the

‘cumulative mean of :the subjects' - reaction time plus three!“

standard'deviqtions. The three visual.displays for trial

ﬁ+lAwene each exﬁdéed for SIn. The time limit for respondingl
- “ . ‘.0 L ) -

during the test interval of trial n+l was also SI. The SI

wes recalculated on each trial by the computer.

* Two minima had to be satisfied before the completion

" of each session. One of thesé minima was that the sessiop

was of duration -at least 20 minutes, and the other that ‘at =~

1

least 250 trials had been completed. When both of these

'mlnlma were satlsfled, then no further Stlmull or ready

51gnals were generated by the computer and the screen was
blank. Sub]ects had been given prlor 1nstruct10n that the
sessieps would be complete at this point.

Reaction times- of corfect trials were ;ecorded,as tﬁe

dependent variable. - ﬁx.\ . .
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Experiments I,-

L3

. the x transformatlon X ,

II and TII * - - = ¢ R
\‘. ] ‘ § ) l‘m' . B

L] v i

Fof each. of these three experiments the'test digit )
Was normally orlented for 50% of trials'and for “the

»remainlng trrals 1t was rotated 180° about a spec1flc

K} '\““ - N 2

geometrlc axis for each of the experiments,. (see Flgure 3)
*

.These fbtatlons ‘are descrlbed jmore completely by Taylor

~

(1972a). f S

N - ) \ ) . . ’ : L3 - 0 * B » 3
»In. Experiment I, Y was the axis of rptf;rﬁh,_y;eldlng'

\ T e . ‘ IR : ;
the Y transformation. ' ‘
In Experlment II, X was the axis of rotatlon giving

N .o ‘ t

In Experlment III, Z was’ the ax1s of—rotatlon,quV1ng

’ ! o

the 2 transformatlon. RN . e

&

Each subject pérformed two’seesions,-onefWith the

This variable was', V' T
'7 . .

right and one with the, left'hand

counterbalanced in order of flrst se531on half of the"

subjects dld the first se551on w1th the left hand ana half

did the flrst session with - the rlght hand ‘ .4j5__b
’ i

1Y
. 4

™,

dally comblned varigbles:" Stlmulus Position* (nght Left

Vlsual Fleld), Orlentatlonb(Normal Rotated), and Hand

(Right, Left). - -~ Lo BRI
. . S

.In the caombined ana1y515 for ExPerlments I,_II, ‘and

L}

A

III there wag also a between subjects varlable Ax;s of \'*

‘\\\Rotatlon (X,Y52) . ':' e f . o ‘

Each experlment thus had three w1§h1n subject factor- .

- N tl "
_‘::v.'.I - 1 . . B 4 ‘. ' 19-
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21,

'Experiment Iv

‘
a

'T. There was orie session only for Experiment IV, S

using the right' hand. Subjects’who‘had perﬁormed

Al

"Experiment I1I servedi as the subjects aiso for~Experiment
Iv. They did three experimental sessions in all,

Experiment v being always the third session. One-third

n

of the test digits were from each of the Y X and Z
transformations, randomly distributed throughout the o

. session. : ' ' .
/Y ’» . . N 3,

";In the analysis of variance for.Experiment‘iV

o there were only two variables. These were Stimulus

P051tion (Right, Left Visual Field) and Orientation (X,Y, Z)

These were . factorially combined w1thin-subjects variables.

o

»
u



%

RESULTS = . - - . &

A four-way analysis of variance was run for the

v

© Experiments I, II, -and II] combined, using Balanova 5

(see Table 1). The. only effects sighifigant beyond the
_ )

"0 .0l level were the main effect of orientation, and the

?

inte;action’of Orientation x Stimulus Position, 5(1,69;
19.05; E<.001; @he means for this interaction are shown
in Tahle 2. N | .

- A multiple qompériSons test (Hays, 1963) with alpha
set at .01l and using the means for the Position'quriente
ation interactién,*revealed that'the cell means,ﬁas§ differ
by -at least j5.8 msec. in order to have reliably centrihute
to. this interaction. The“difteren$e between reaction times
for normal and rotated ‘stimuli, was 38 msec. in the tiéht
visual fleld,u nd only 4 msec. ‘in the left v1sua1 field.

Thus, the finding was a 51mple maln dlfference between

. reactlon times when dlglts were normal or spatlally

fransformed in' the right visual field. S v

- The means in Tables 2 and 3 -have been averaged over
the varjable "Hand". Thissvariable wag not significant in_

. ) £ ) o '
main effect, nor in interaction with any of the other \

-~

B a . ‘¢ " ‘
- variables in the combined or -the separate analyses which.

o
a

were perfoimed on these experiments. The mean- reactlon

" times for 1nd1v1dua£\bubjects are shown in Appendlx B.

Appendix C shows analyses of variance for the experlments

separately.

d

i



" Table 1 - \ s

b

E Wad

-~ [&.

2}

** p¢.001

g Su-la;zy table of analysis of varlance ‘con'bining Experiments T, II and III. '

 Source . } Denominator D"S!:Nen:B o F']x;:;dqn' g;::re 'Ra{'io :

- ¥ithin SuUject? ) . ‘ . )
Stimulus Position (A) ‘ﬁ’_AxS 1 69 453 0.138
Orientation (B) | Bxs 10 69 . 64830 23.76%%
Hana (C) cxs 1 6 216 0,006
AxB .' AxEBxS . 69 3050  19,05%*

~A~x,ct" AXCx3 1: 69 745 | 0.160
e BxCxS ) 1 69 126 O.041

CAxEeC AXBxCS . 1 .69 2 0.0005
Bo;l;e‘e"n Sub4octa: : ’ |
R | Ax3 2 69 . 2059 _o;6z§
S 69 - 276
BxD. Bxs o2 69 7184 2,63

Bxs S : © e : 69 o 2723" H
cxD . .CxS .oz . 69 32750 0,861
s 69 38080
axts ‘qf‘notation (® 3 N4 2 .69 19790 o 2.22
-Subjects (S) | T \ ‘69 89.1”8’01 ' |

CAxBXD AXBxS 2 ‘_69 6721  2.91%
AXExS ' 69 N 2312 |
AXCxD - axcxs N 2. - 69 2w 0.535'. -
AxCxs D 69 R T

B \ BxCxs 2 . 69 2292 0.4

| BxCxs .69, 307k
AxBsz’D AxBxCxS . 2 ; "‘69',‘ 799 10,229
AxBxCxS’ P T
* p'<.1’o

.."‘
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IR Ta.'ble 2

' Mean reaction tiues (in nsec.) for Experiments I, II, and III

eolbined. averaged over the variable "Hand", ‘.
e ., Spatial Transformation o
Stimuluws Position . | . L o
1 . Normal Rotated ,
Left Visual Fleld - . - 608 612 |
‘Right Visual Field . 593 o631 ;
' - /o - . .
, , ,
t ) ' ! ,
- N . : _ " ’
- ’ . - ' :. i . :? U ) . »
\ - | ,
SN - -
» ,‘ )
-.’ ) ' - ‘ . , - ) 4
Cod "’ v o
A -
SN )
N k . : - .
1 [ " '\ . .
¥ 5 '
3. '." ' - . ’ ‘

«
o
L
c
v
,
+
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Pl ’ Ta.ble 3 - o . ' - T

. i .. " ' X . ) * ' . €
Mean reaction times (in meec,) for Experiments I, II, III and IV

. averaged over the variable "Handi". (N = Normal Orientation, .- .

X = rotation around the' X axis, Y = rotation around the Y axis, . -

2 = rokation around. the 2 a.ziss ' P S

Experiment I IR
. . . ‘\N b | N
left Visual Field 621 - 623 ..
‘Right Visusl Fleld - " . ‘599 863, o )
. . m rinentz 11
_ oF X
Left ziém Fleld - . 63 639 o
‘Right Vigusl Ffeld - | 6@ 649 i o
- .  Experiment IIT R
Left Visual Field _ -‘575 55
Rigtitilffgual Fleld . 565 - 582 .
- - ml riment IV ..
’ - Y - ox z
Left Visusl Fleld | 512 : . 510 519-
Right Viewl Fleld - 56, st 57
@ ’ |
i S
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« The normal orientition in the right visual field

3
»

26.

prodﬁced the\lowest reaction times-overall, and the rotated '

digits in the same field yielded the highest reaction
times, In the left Visual field the,normal orientation

was again lower than the rotated form These rank-orders

'were consistent for each of the three experiments indiv-_

iduafly'(Table 3) exeept that the ﬁormai and rotated forms

- gave edual reaction times in- the left visual.field in

Experiment IITI,

The Position x Orientation x Axis of Rotation

'{(AxBfo interaction in the combined analysis (Table i)

A

the relatively large number. of subjects that were run,ait

seems reasonable to éonclude that all spatial transform-;

~was marginally 51gn1f1cant F2 69—2.91, p<.10. 'Consideging'

ations contributed to the overall Position x Orientation o

interaction (see Figure 4).
The rank order of difficulty of the three types of
rotations was: Z-axis of rotation (579 msec«), Y-axis

rotation (643 msec. ) and X-axis rotation (644 msec.).

These rank-orders are in agreement w1th those found by -

Kolers and Perkins (1969b) and. those of Taylor (1972a)
in" the analysis of variance ggr Experiment v~

(Table 4), there:wereno data for normally oriented digits,

. which Serve as a baseline-control condition, and hence the

Position 'x Orientation (AxB) 1nteraction was not the ‘point

E]

of 1nterest. The "A" variable, Stimulus P051tion, was‘the
. N )

4 -

variable of interest for suggestions of 1atera11ty.‘ It was

-~

f&;/’~

. - ‘ . . P A
A ]
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| Tetle ® |
Sumhary table of analysis of variance for Elxperhent‘IV. —

ng';e . ?I Denominator: 2e&rees of Freedom Mean F -
J - \ .

" Stimlus Position (A) AS 1 .23 M750 13,95%
AS . : 23 2993
BxS b U 2268
. AxB " AMEBXS. 2 M6 - 6213 2.60
: A - T . -
~ Subjects (S) B : 23. f o . 55340

Orienkation (B), " BxS 2 W6 2723 1.20

A\

~
v 7
.
P
! .
. . .
< :
L
2 .
N _—
L]
o
.
] -~
o
. . & -
-, - i
3~ :
. ] -
L] -
. [
~

'-J.\

Nun Den Square Ratio -



'\\ f' _”.': i ‘., ; .f

: . N "W - .
. 51gn1f1cant F =13.95,. p<.001. The Position x -
v - l 2 3 N 1] .
Orientation interaction was marginally significant (22'46=
. 14

5 2,60, pal0). | - ' .
R ) A\ The difference bethen left and, riéhtrvisual field |
| reactlon'tlmes for "2" rotation was .8 Teee., while for
; f,g" ¢ "Y' and "X" it was'52-and 41 msec.,‘respectlvely (see
’ Teble 4 and Fiqure 5). This anerly may be the result of
ldifferential practice'on “z". JIn the analysis of'vériance
comparing Experiments IIT and ;gl(?able 5) using the deta:
for theu"z" rd;ation and right hand @hly for both experi-
- ments, a significant difference‘wasiféund.for tﬁe veriaﬁle

" of ?Experiment“;f This presumably is the EOnseguence of -

’

29.

‘practice, as subjects had first served in Experiment III, -

" and hence were highly practlsed on the‘“Z" rotation and
not on  the other two rotatlons. This would decrease fhe
‘difference between réaction times in left and right‘visuél_

fields. ‘Iﬁ the.subjects were making. their decisiohs as -

be the baseline for the rotated stimuli. Wlth practxce,
subjects can presumably lower their rlght v1sual fleld

YT L values to approach those in the left:

. rquickly as possiﬁle,7thén the Ieft visual fielé véiue would
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A o Table 5. '
_ Summary table of anaJsSis: of yariance vomparing Experiments III and. IV, -

]

~

Denoninator Degrees of Freedom Mean F

Sogn;pe ' Num Den Square Ratio

. ‘Stimulus éositiox_x I. (A) Axs 1 23' 799' 0.293
A . R |
Experizent (5) '. CBxS. 1 . 23 9810 1511
B2 > R A
B AxBXS R S5 . 18% 0,099 .
AXBXS . '. .'23-:.’ | '.18'66' |
subjects (8) - | .23 : L 375'90 '
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.8 . 5 .
DISCUSSION - e E J

'uThe'main outcome of:'this‘ series of.’exper'iments is
the findirlg of. sig-n“if'icant differences between rea'ction . -
'ti'mes‘lot normal and rotated forms in tﬁe riqbt visual .field
- and no such differentes in the left visual field (i.e.,

" the Stimulus Position x Qrientation interaction). -Because

" anatomical pathways from each visual field lead solely to ' o
" the contralateral cerebral hemisphere, thef’intera.ction can
[ * o R , - T, ; B [
be interpreted as a lateralj:ty 'effect. This is simply to

‘.say that the two hemispheres dlffer in thegr proceSSLng

0

/

In/order to explaln the relatlve effLCLenCLes of‘
: . K : I
the two hemispheres and the two,types of stimuli, drfferent

-

. processing strategies must be suggested. There are several
. r . pe . ’ . . - - [ ] -

. p'ossibilities, a few of which are suggested here.

.On'e such poss;ibility is that the left hemisphere is.
' speqializeil for recogr\ition' of fighres Showh in their ‘
faﬁ\iiiar orientatio'n. Ther fore, when the dlglts are less
fam111ar, as_ w:.th the rotat d flgures here,- the ‘left |
hemlsphere is relatlvely i ebffluent . However, 1n’the .
right hemlsphere, the rotated dlglt was generally as ea511y
°recognlzed as .a non-rotated d1g1t “ This suggests that the
| . rlght hemlsphere is performlng an analys:.s on or1entat10n—~
free crlterla,\ch as those of a pure shape comparlson.

Shepard and Metzler (1971) had - subj.ects compare a

C three-d:.mens:.onal stlmulus .to a prev1ously presented one .

©
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in a same-dlfferentfreactloh time task in a nond:.v:.ded

visual field| . The stlmull were °rotated with respect to

each other, rotatlons ranglng from 0° to 180° in gradatlons B

of 2A0°. They ohtalned an 1ncreasmg llnear@gradlent when '

v the}} ‘plotted reaétion time’ against angular difference.

e

between ‘the two forms. They suggested that the subjects ,

. -+ - were "mentally rotatdng" one of the flgures to. the orlent,—

ation of the other in\order to compare them. -It is

conceivable that soxpeth\i.xi ike. this may ‘be. going “on L
t ' the l_eft.. hemisphere. It .would presun;ably take :more'ti,:rne.

S | , .1'10 compare digits ; Eter.“pe'rforming a “m-ental rotation" than
1f they could b compared w1thout this step on the haSLS -

o:f pure shape criteria. Agaln,' it is suggested that a shape

) analy51s may be occurrlng in the rlght hemlsphere. . -f’ r%

- o ItL is-also.possible, as jalreiady.mentlohed, ~that the

‘added latency for the rotated digfts in the right irisual .

®
»

N ' \ f:.eld reflects the. extra time taken for a callosal ‘trahs-,

.I ’ -..':' _' »
o , .mlsslon of 1nformatlon. Perhaps even when the test digit '

‘4: appears in the_ rn.ght VJ.sual field theyﬁht cortex processes

_" o

Lo ‘the ‘actual comparlson because of -a relatlve proficlency for
= i
this.type of task Taylor (1972a) suggests that the

K L]

jA ' normallzatlon of symbols could be a right hemlsphere < ',

L o ' functlon. ’ S
For the present study it cannot be sdid whether the-

Lo " differences lie in perceptual coding or'in 'meinory. It is .-~

p0551ble that the left hem,lsp ére st:ores the symbols in

A S

thelr normal orientation, t the rlght has some sort of

[N ¢ [
- o
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but 1t is not the most par51mon10us explanatlon for the

‘shapes in identica)) orientations, whereas "different" .

coding such that the features,oftthe shape are stored

with less dependence on orientational.attributes.

. In_this study, the fateral mirror-image stimulus

’

did. not prove to be s1gn1f1cantly dlfferent from other

mirror-images. Thls does not,prov1de support for the notlon

\. _,“?

that leteral'mirror—lmages are processed differently from

' upside-down ones. The  findings do not contradict the

argument that thexcorpuS‘callosum reverses stimuli laterally,

V4

'results. However, this study is not directly comparable

“in stlmull or task requlrements to others Wthh _have shown

lateral mirror- image dlfflcultles. Furthermore, the sltuat;on

" fg radlcally different from the interocular transfer studies

o ; . IS
using animals. . oo

L]
»

In many. studies using mirror-image and human subjects,

'

(sekuler and Houl}jihan, 1969). In these exper{;ents the’ .

sitgation requiring ja ."same" judgment requires identical

”

judgmenks requ¥re identical shapgh, one being a mirror-image
o : . - > . . .

‘

of. the other. This'is‘quite different from the;present

stuhy~Where oriehtatioh_isﬁfgnored and the 'identity of the

’,

.shapes lS in questlon. In a.task such as the latter, the

lateral mlrror lmage has_ not produced more errors or longer
) }’)
reaction times than upside-down mirror—imagesﬂ(Kolers and

[N . )
A .

°

L4
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.;ﬁerkins, léGQa, b; Taylor, IQJZQyQﬂ?ﬁowé;er, in studies
—ﬁéing thegformer ﬁéthbdology, the lateral mirnor—imagg has
Yieided gréater'reaction times ahﬁ more errors.f It méy be
méfe difficult to label orientation in the lateral mirror-
.image case than with other mirror;imagég, but this may not
mean that the recéénition of these ghapes‘is impaifed_ '
relative £o the dQside—down formé.

.. The suggestion of laterality in processing mirror-
image stimu}i’is especially interesting considering the
éarly (e.g:,‘Ortoh) theories of dysLéxia &s being caused-by
‘"mixgd laterality". The results reported here suggest thdt
the right hemisphere might perhaps confusé a stiﬁhlus and"
its mirror—image;'thé actual shape being iﬁboftant, with -
orientation (at.least. in memory) being of subbrdinate’

importance. However, this,argumeﬁt applies to all mirrpr-

¢

es, and not merely lateral mirror-images; following

ument-‘the upside-down confusions should occur as

’ °

- .
.

frequentI;.és do the lateral confusions,. and ‘in f;ct this’ \K\
‘is not the case.with dyslexics (Frith, 1970).

Because the variabie “Haéa" was not significant in
_.maiﬂ effect nor iﬁ interaction with any other variables(in.
lthis stﬁdy,ltﬁére can be no suggestions. made as‘to which
‘hgmisphere pfocessed the actual ‘decision in thg task. ‘It
would seem thét each hemiséhére can d¥rect each hand's
ﬁovement equally quickly, or Eha£~the hands' responses we;e
controlled §pbbor£ically (MYefs, 1965) and not subject to
lateral differences: in this type of task:- These résults ;

o RS

.\ ) . :
y P | . L .

- . : 35- )
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. . are in agreement with those of Davis ‘and Schmidt'(lgllf
and’Dimond (1970), who also found no significant effects

, S ‘ .

. with "Hand". It contradicts the findings of other invest-.

igators who‘did,find Hénd x Visual Field interactions ‘
(Berlucchi, He}on, Hyman,  Rizzolatti and Umilta, 1971;
- Jeeves and-Dixon, 1970; Umilta, Frost and Hyman, 1971).

All of these 1nvestlgators found the fastest reactlon times

$

w1th 1p51lateral hand hemlsphere comblnatlons U

Inusummary, the present study suggests that there
is-a laterality effect in visual proce551ng of orientation, -

LY

‘based on.the Stimulus Position b4 Orientation interactidn.
No firm predlctlons could be made on ‘the basis of the
varlable "Hand" , SpecuIatlons were made as to differential

proce§51ng strategles which mlght cause laterality effects'

-

i" - ‘b‘l
, . , . "
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-Aprendix A- 12.

Instructions

During a trial you will first see ‘two adJacent digits in
ﬁﬁ the centre of the screen. The rightmost one will go away and ’
the other wil}l stay; following this a digit will reappearﬁonh)
either side'of the remaining digit Your task is to decide
whether it is the same numbeq’as that which disappeared or
:another number entirely For instance, in the heginning a "g2"
‘might\appear. Then .thé "2" would go away . In the case in

which YES\is'the correct response, the reappearing digit must be

7 a M2" -—- there could be a "2 - 5" or a "5 : 2" on the screen. ,

For a trial in which NO is-the correct response, the reappearing
digit must be something other than a "2", for.example,a'"7",
such that "7 . 5" or "5 7" might be presented. Sometimes a

N

‘ returning digit will be a mirrorureversed digit* That does not

" matter: a .seven 1s still a seven Whether it 1is reversed** or
not}flf#

The reappearing digit can return either to the right or

P e

o to the left of the digit which remains throughout the trial.

This remaining digit is" the halfway‘point bétween the two
possible*loeations of the'reappeariﬁg digit" flease look
‘ straight at this centred digit throughout the trial. In
the first example given the "2" can return either to the right
or t¢ the left of the ?5?. You woulq be iooking directly at-
the "5"7 - ‘ | ‘
You will indieate your deeision,by'pressing one of two
' buttons. You wiii use only one'handhouring aniﬁone,session.,>
| The.eXperimenter'hill point out which is the YESAand which',‘
is the NO button and hou to.restryour‘fingérs on the.buttons. -

o

. - A ) “
Vo . f - f L4

o
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. The computer will actually run this experiment and will
select the digits you ‘see during a session, as well as
v .

randomizing the ‘trials so that YES and ‘NO are correct eéth an

average of 50% of the time. The computer wlll also tell,ypu

s

when yol have made a mistake° a large "X". ‘will appear

immedliately in_the centre of the screen. . Uy

3

There are two ways to make a,mistake:u by preSsing the
wrong button or bp taking too iong to’decide which_button

to press. The computer will be timing you ‘to see how long
it.takes you to press a button correctly on each trial It
‘'you make a correct response, then your;tlge will be shown.inb
"+« the lower left—hand corner of the,screen, For example, you“
might see. "0960“, which means.9é0 milliseconds ‘or .96 seconds.

You are the one to decide when you want each trial to

v begin; To signal the computer.that you are ready, simply press

'bothqbuttons,w.You may do this immediately <after making a

response to the stimuli or later. If you wait,‘a flashing line“

" will be shown in the lower left—hand-portion of the screen to

tell you that the computer 1s ready any time that you are.

% For Experiments II and III this read: "upside down diglt"

and for Experiment IV 1t read: ":either a mirrbvr-reversed

or an upside ‘down digit" ' . S . .

LR For Experiments I1 and III this ‘read: ."upside‘down"’

&

For Experiment IV it read ‘ "changed in orientation"

P : S -

<
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Appendix B

Table 1

‘ Mean reaction times in msec. for individusl subjecﬁ“ in
- Experiment I,  (LVF = Left Visual Field, RVF = Right Visual

Field, N = Normal Oriehtation, Y-= rotation arourd the ¥ axis)

Sl

Laft Hand

" Right Hand

“Subject  LVF RVF VP . RV
" Number C o
- N Y N Y - N Y N Y
1 577 585 565 558 751 671, 639 611
2 451 b6k B59 538 624 637 617 645
'3 723" 855. 570. 566 622 670 534 698
& 491 . WSk b5y 485 591 W7 576 671,
5 793 588 808 781 675 839 757 %2
6 473 485 . BS50 W70 533 A7 50 656
7 562 569 sh5 561 568 635 550 03
;-8 704 885 ~ 775 1027 821 - 81 767 835
9 481 W2 L5356 564 586 509 599
10 63 W77 - 463 566 B9 b5t . k22, M8
11 b4 537 W77 W67 569 528" 553 572
12 92 792 805 977 621 - 685 647 688
13 674- 51h - 606 706  hak 31 4S5 b
- ‘586 697 513 569 482 68 483 6%
15 576 576 613 611  603. . 507 7% 626
t16 s64 583 491 577 673 688 786 745
17 - 858 853 700 B51 57 632 567 . 579
. 18 1803 707 646 790 529 503 624 - 603
19" 695 768 781 709 63 650 . 491 .590
- 812 858 775 1M13 727 606 759 W
21 806 847 O78 1068 " 625 617 516 613 .
2 W73 51 371 A93 590 527 - M0 sS4y,
23 . 762 764 766 792 669 636 646 . 705
2 - 4521 562 Sh1 614 - 6hav 619 €01 64
o Seerall 635 640 604 681 606 605 5o 65
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Table 2

X
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© Mean reaction times in msec. for indtvidual subjects in
. Experiment II, (LVF = Left Visual Field, RVF = Right Visual
" Field, N = Normal Orientation, X = rotation around the X.axis)

2 Right Hand

- 16,

S

Toft Hard

.- Subject WP RVF "1y RYF
Number ' ' < : :

‘ N___ X N X N 'X° N- X
1 60 482 684 641 780 683 626

2 665 . 589 597 523 k86 M65 519
3.0 T ss6 622 12 631 779 777 7%
. 691 553 715 795 . 620 646 . 660

5. . 3B 459 k22 409 .'891. 1028 8%

6. ' . 663 693 a6 707 667 < 708 661

7 .. 583 5% M99 549 565 533 595
B 662 709 578 611 ' 649 6100 671
9 618 570 538 564 600, 604 . 622 6 s
10 . 5t 532 485 - 519 5% 552 570 .
A1 852 743 726 880 570 558, . M5 -

12 578 635 560 668 688 730 . 661
13 633 813 8ok 7w - 607 63 547 .
ey | | 46 W08 k23 - HOY Mak
15 488 Mu0 434 53

.. 672 723 678 B4

17 . 513 579 539 6ok
18, 506. 489  509. h2i
19 862 . w2 832 94
.20 . 737 695 811 865
21 788 697 672 710
22 .- 581 683 602 h95.
23 425 568, 431 390
24 900 . 803 921 931
Overall 620 632 600 632
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Appendix

_—

~ Tables 3 -
Mean reaction times in msec. for. individual suéjects in

721

Experiment III. (LVF = Left Visual Pleld, RVF = Right Visual
‘Fleld, N = Normal, entation, 2 = fotation around\z axis) -
- Left H(and Right Hand

Subject  LVF \RVE LVF RVF

Funber ‘ : ‘ : :

‘ N z N y/ N z N Z

1 761 872 752, 840 667 678  7u8. 829
2 722 40 622 656 43 598 562 635 .
3. 577. 538 576 SH6 691 G2 A3 567
R 485 486 . 514 508 601 571 537 651
5. ~B09 473 431 M5 W48 B2 M9 469

6 664 597 662 687 - 780 744k 681 568
7. 421 403 489 457 k25 450 392 b5z -
.8 ‘742 798 - 805 778 - 577 605 568 633

9 359 325 39% 3% 481 S 519 617
10 531. 578 ' 505° 462 397 333 381 398
1n - 520 " 478 507 493 604 46 675 613 .-
1. 825 | 786 . 759 ‘730 782 |
13 515 530 641 635 640 727
. 555 611 657 562 - h93  b91 -
15 . 984 804 559 572. 582 553,
16 . 5h0 635 560 527 - 592 5M9
17 579 603 55 552 533 - 535
a8 S b0 h23 528 515 5% 636
19 533 476 . 781 805 863 .817
20 75 - 5% 520 620 5% 532
21 181 524 463 476

22 . - 589° 682 71 754

23 5% 513 .59 511

405 . 511 423 429,
el * 571/ 566 s6r 518 580 58
< /‘

46.



. ) . LI
D « * Appendix B :
. . Table &
Mean reactlon times in msec, for individual subjects- in
Experiment IV, (L Ieft Visual .Field, RVF = Right Visual
Field, Y = rotation und the Y axis, X = rotation around '
the X axis, Z = rotation arcund the 2 axis) '
Right Hand
. Subject WP RVP
) Number ' _ ,
: ' Y X 3z Y - X 2
. 1 633 503 562 725 . 611 612 .
y : 2 .8 Ts1h 533 5%..5% 538
3 514 543 582 ‘708 631 632
b . b3h B0 530 ©Su6 sy WS
.5 488 399 491 H86° 504 b
N 650 562 516 9 677 - 160
7 W2 475 1480 433 811 376
8 - 865 .628 693 786 700 724
'9 Mo Bk 297 369 364 k428
10 361 337 M5 403° 377 . 3%,
— 1 519 %91 605 $43 517 510
- 12 . 573 608 624 874 755 . 646
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Snnn;;xy Ratle of anaJysia of variance for Experiment I,

: )

r.
. 48.

%

N\ ' Degrees of Freedom Mean -

oo, Denoninator "Mum_ - Den Square

T
Ratlo.

s{iaulqg"rq'siuon (A)  axs - 23
) ' - 5260
52770
3317

AxS - 3 g . - .23
Orientation (B) s -, -1 23

CooAxBxCxS'T 1 23

[} ’
" L
@, -
’ -
‘e
'
a '
w
N (3
“, - N
-
- °
] v
---- he
» ‘. -
e ~ )
A -

[

k153

5048
1059,
3 2884 -

0.787

153920

Hand (C) - oS 1 23 M0 0,993 -
cxsa‘ S ‘ '- 23 - | L 844200

T S AxBxS 1723 heoNo 2p.sv
AxBxs o P I
axC | AxCxS . 1 23 1013 0.230.-
s PN Cwot T
B"'cl‘,.,' . CBxGxS 1 - 23 3112, 0.616
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Sunmary table of ah_ahslb.of"‘variance for Experiment II,

Appendix G-
Table 2

49,

T—

' Denomtnator

e

Num

Degrees of Ig"reo(fon Mean
Den

Square

Lp '
Ratio

AXS
o:igntatiop (ﬁ)
R
Hand (C) ’

‘BxCxS

JreweTEE
Subjects (S) .

. Stimulus Position (ﬁl' AXS ' 1

J

Bx3 ° . . 1

mex3 V1

.23‘
- 23

23

23
23

23‘

. 331
042
22790
2838

26370
e bhg62.
23 .

7727
2640

12.

2103
w6

3999

101700

0.109

8,03*

0 ‘586‘

050 -
5706

0,006 .

0,116

2,9 °
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. -~ ‘Table3, °

‘. Summary talle of analysis of variance for Experiment III,

‘Degrees of Freedom: Mean

F .
Ratio

Stimilus Positlon (W as - 1 23 88
s L m, S 1508
Ortentation (B)  Bx3 1 e 3640
B - B IR T
mem () 0 Ces . 4o 23 . 291k
o .i .23 o 3250

coaxB. T kB 0 123 }z&\
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1.7é8'
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A€ . AxCxS St 2 1576
AxGxS SR ‘ S ‘ 23 R .. 3827
Come oL hes 1 23 1w
B S ol 23 © 1 2068
; Amc . | . . AxBszS - 1. ‘23:. 76
T < IR

0.412 .
04767

0.022 ‘
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