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ABSTRACT -

This* study wa: conducted to turther ietine the
distinction between the two hemispheres ot the human brain,
especially with regard to tactually perceived .ntormation.
Tactile perception is, for the mos* part, aealt with by the
right (spatial) hemisphere in righthanded p-rsons. ‘iermelin
and oO'Connor (1971) ani Euiel, Deackla, and Spaiten (1974)
have snown that the right nemisphere is superior 1n wueallny

with Braille patterns.

The present study used Braille-like ratterns wnlch were
rresented unilaterally to botn visual and tactual
rodalities. The subject's task was to 1de.-ify *he location
Of *hree dots in a 2x3 six-dot jpattern. Specifically, visugl

Vel SU

n

ractual presenta+tlor, dynamic versus static

rresentation of tactual stimuli, leayning, and gender were

examined ir relation to hemispheric dlirterences.

Across all three @wodes (visual, tactual-static, and

tactual-dynamic), individual dots as weiar 2S coaplete
patter: were reported <significantiy wmer®® accurately when
presented to the left hemisphere. YMore specirfically, Dboth

dots and patterns showed a significant left hemisphere
superiority in the visual mode; in the tactual-dynamic mode,
lef+ hemispheric superiorigvhu@s only found for <cecognition

ot dots; in the tactual-static mode, no <significant

hemicnhoeric offert was found. However. for both vatterns and



dot:,  ther Wasn oo slgnitlcant hem1aphere X gn,n'nmq
] f?\r.l(tf ton " the tactuatb-dynami. mode .  Theoretical

1mplic *ar1cns ot ditterential hemispheric specialization  are

discusced ru tefn ol differential processing.
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rrmuza, 1496d; Miia-r, 19¢d; Zubino, 1970), Geptn (hurntord
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Hir=ozically, the first real 1nvestligatlon 0f  ti



(cirred by Welustern, 196H) . Weber's studic:. were directed
towai 1 the diticrences 1o Sensitivity among the various bhody
palte.  Hilo concern wa: not with lateralization (about which
there was Little knowledge until Broca's discoverieds, thirty

A
earls later), but he did la the foudndation tor turther
Y

Liavestlgation  1nto  the  varicus  aspects ot tactile sensi-

Welnsteln (1968), in the tirst extensive quantitative
study, demonstrated that cutaneous sensitivity in - rms of
two-point threshold, locaiization, and intensive stimulation
1s lateralized, though his results are not une=guivocal
(probably due to the simplicity of his stimuli). With more
complex stimulation anc diirerent techniques, other

inves “ors have produced more positive resulte..

boirl (1974) has cshown that when patients with lateral-
1zed brain lesions Werie compared with respect to chtralaf-
eral and ipsilateral tactile perceptual difficulty on three
non-verbal tasks, ©patients with right hemisphere brain
lamz=ge were more impaired on bcth contralateral and ipsilat-
eral hands than were those with comparable damayge to the
lert hemisphere. Carmon and bentorn (196%) and Fontenot and
benton (1971) have rroduced similar recults. The right
hemlspnere, lsoiated by means of callosum section, has also
veen shown to fe Lpetter than the left at such tasks as

.Judging tne size of a complete <circie frow a <mall arc
3 [

R



"oxploded™ parts (Nehes, 1972)

Benton, .Levin, and Varney (1973) have conducted a study

¥

wiherein linear aritays of three  swmall  circular  stimulators
were  presented  to  subjects' palms  and the subjects were
asked to respond with judgments of the orientation of the

array. They tound that judgments were mgre accurate when the
stimull were presented to the left hand, i.e. to the right
hemisphere. Varney and Benton (1975) confirmed these results
and also found that handedness i. a good determinant of the
side of laLcralizétion when .tamilial handedness 1s taken

into account.

Directly related to the present research was the

tinding of lateralization in small-number dot pattérn
recognition (Schmiat, 1974) r1ght-handed subjects were
presented with different rpairs of three-dot stimulus

patterns from a six-dot array. The apparatus used was
similar to that wused 1in the present s*udy and included a
mecnanism which produced & passive scan of one or two
stimulus patterns by the subject's fingertips. Two patterns
were presented sizultaneously, one to each index finger.
Thié was tollowed o»py a third (probe) pattern, which was
presentea to one fingjer or the uther. ihe probe was eithers
one of the pair or a "new" pattern. Subjects were asked if
they recognized the third pattern as belng one of the pair.

Paired patterns were considered to be in competition with



required  equal finger pressure tor either to be telt. Since
cach stimulus pattern would be evnected to enter  1nto  the
contralateral hemisphere directly and only minimally (via
the corpus callosum) to the 1psilateral hemisphere, it was
predicted that in the paired condition the patterns
fresented to the left hand would be more accurately
peICciJeu than those presented to the right hand. Both
hemispheres would have freer acce-s to the probe, as 1t was

presented without competition.

Three types of trials were employed: (1) the probe was
the same as the paired stimulus pattern on‘ the same side;
(2) the ©probe was the same as the paired pattern on £he
other side, and (3) the probe was different from both paired
bpatterns ("new"). Thouygh there was a definite tendency for
the paired stimulus ©pattern on the left side to be recog-
nized more often in the first two trial types, reliéble
differences (t=1.913; d.f.=25, p<.05) occurred only within
trials where the probe was different from either paired
pattern. Also, since accuracy on the first trial type was
much higher (69.3%) than for the second type (u8.1%f, the
difficulty in recognition seemed to result from the
subjects' attempts to compare the probe with the paired
stimulus pattern from the opposite side. Therefore, when a
"new" pattern was given as a probe, it tested the paired
pattern from the other side. It was concluded that the

tactile perception of small number dot-patterns was eccan-



tially a right hemisphere function when the patterns were
/presented in  a simultancous, competitive situation and

{ o
tested on recognition.

Hermelin and O'Connor (1971)  have investigated the
ilities of blind persons to read Braille dot patterns.

Yy speculated that, although the patterns were spatial
arrangements, to their subjects the patterns shQuld
repfesent uell-learnég\ verbal elements. They questioned
whether performance would be better with the right hand/left
hemisphere due to the verbal aspect of the‘stimuli, Oor with
the left hand/right hemisphere due to the spati.. aspect.
They found: (1) blind children (aged 8 to 10 years) who were
asxed to read Braille sentences performed better, in terns
of speed and accuracy, with their left hands, especially
wvhen the unpracticed nmiddle fingers were wused, and (2)
although blind adults' wWwere nmore accurate in reading
vertically arrayed letter symbols with their left hand, they
did not differ in speed of reading. Hermelin and O'Connor
suggest that the differences in performance between hands is
at least partially due to hemispheric asymmetry and,
turther, that the stimuli presented to the right hemi sphere,
via the left hand, are more accurately perceived due to the
need for preprocessing of the spatial array before verbal

significance may be attached to it.

‘'Rudel, Denckla, and Spalten (1974) have shown that,



chiidren ﬁaving no previous experience, results similar to
those obtained gy lermelin and O'Connor occurred. This
strengthens the rather tentativé conElus;ons ot the latter
dutﬁors with regard to laterality. If naive sighted, as well
a5 experilienced blind persons,’ are pore able to handle
Fraille characters when percéiving them with their left
hands, then one 1is not able to criﬁicize such findings on

-

the basis of some learned lateral preterence.

Milner and Taylor (1972) have fouﬁd supporting evidence
tof the conclusicns expressed above, using split-brain
subjects. They were abie to show that tﬁe isolatedlright
hemisphere, as well a:; being better than the left hemisphere
at perceiving unfamiliar irregular - wire figures, was
superior at perceiving‘familiar_nameable objects. Witelson
(1974) has confirmed the results of Milner and Tayi~r using
dichot?mous stimulatioﬁ to present verbal and non-verbal

stimuli to normal children (aged 6 to 14 years).

The evidence.presénted by Hermelin and O'Connor, Rudel,
Denckla, and Spalten, Milner, and Witelson suggests that, in
the tactile Sense, a mode‘of processing prevails which is
different from that in the wvisual or auditory senses.
Essentially, it seems that the tactile system 1is organized
specifically for the perception of spatial information. It
is only with considerable processing of that information

that verbal aspects, if any, may be derived. From this, it



t

hemisphere 15 better organized to process tactile
intormation than the left, at least at the basic (spafial)

level,

The present study is a turther lnvestigation into the
laterality difterences in the tactile perception of spatial
arrays. One of the problems considered 1is that it such

perception 1s more accurately accomplished by the right

hew o pnere, whaet are the effects on *his lateralization when
the ¢ U .15 patterns are presented in a "dynamic" fashion,
4s opposer tc ' tig".presentation? In other words, how
does percep ~Y the stimulus when the pattern i1s scanned

by the sub ,ec. ¢c¢  .ie with that when the pattern 1s not

scanned?

Apkarian-Stiela:. ... 0 f1¢75), following the work
of Loomis (1%74), sugge.. =« .- facilitates tactile
perception. 1n : their exne ock letters were pre-
sented via a 400-point vibr-t. . = Ssubiject's

N
back. When the stimulus was . i1t v.-wed (a-ough
a horizontally moving vertic _ . L. Tas

increased markedly. Admitte -

perceptual device as the finge) . ! “he
findings of Apkarian-Stielec an. Colat
generalizable to all tactually PR 4 A,

Furthermore, Apkarian-Stielau and Loomis Ade tr _har



when o the visual stimuli are blurred by approximately thir:y
diopters. It may be sugyested, therefore, that visual
perception ot dot pdatterns would be approximated by (though
likely better than) tactile perception of the same patterns.
Tovracilitqte comparison, visual presentation should be nou-
toveal and ot short duration (tventy milliseconds), while
tactile presentation should be _ to the fingertips and ot

longer duration (one second).

The present study, therefore, also incorporated an
analogous task in the visual mode in order that performance
on such a task might be used to evaluate that obtained with
the _two types of tactual presentation, In this manner, one
might determine something of the similarities and distinc-
tions in functiomnal latcralization betueen‘the tactual and
visual senses. Small dot patterns, similar to those used in
braille, were piesented unilaterally for brief periods of
time. Numericai lidentiticat on of dot positions was used acs
a response mode. This was not expected tohﬁave a discernable
etrect on the outcome of the experiment, since it was

- thought that identification of individual dots would be most

easily done after the complete pattern had been perceived.

It was predicted that right-handed subjects would
perform bette at this task when the stimuli are presented
to their right hemisphere via the left hand or left vicual

field. The ease of perception of the stimuli was also
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between  the  two sides. Thus, 1o the visual mode, where the
stamull should be most casily perceived, tuae  ditterence 1n
performance Lotweon tne dett and right sides chould be the
leasty In the two tqétual modes ot presentation, dynamic and
static, one would expect t/nv latter to  produce greater

perceptual difficulty and, thus, 4  qgreater distinction

between the two sidoc.

Also ot interost 15  the eftect of learning on  the
relative pertormance ot the two sides. Unlese asymptotic
pertormance 15 reached early by the subject, he/she would b
expecfed tb iucreace nis/he: rerformance asc  he/she gains
wmore experience with the stinulus patterns. The question
then ignfmvther Or not the two sides will learn at the same
rate. It mignt be conjectured <hat the rig hemisphers will
lhcrease its  perfofrmance as it attasns experience with the
overall arrdy, while the left hemisphere should maintain a
more constant level ot perfcrmance as it attempts to deal
with each dot 1in the pattern iuiividualiy. _??is would be
consistent with  the different cognitive processing
strategles ot the two hemispheres guygested by such authors

as Semmes (1968).

The effect of learning may also interact with that ot
presentation mode. Thus, it may be predicted *“hat the easier
the task the less learning is likely to occur, due to +he

higher vperformance on the ¢ rlv. triale HAwvcwer U
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tactual tarx may prevent Siynitilcant learning  during  the

ltmited number ot trials.

One o other predictable eftect 1o thet ol gender. Kimur .
(1909) 1ndicates that, 1n some cases, males *end to pertform
better in visual spatial locdalization taske than do temales.
She also demonstrates that males show the laterality effect
(£ 1ght hewmisphere better than lei+ on spatial tasks) more
Leadily  than females. McGlone and Kertesz (1973), in the
visual mode, and-Knox and Kimura (1970) and Lake and Bryden
(1976), 10 +he auditory mode, have found suppor*t for
Klmura's conclusions. Generallzing to the tactual mode, and
Taking note of Witelson's (1976) results, cng may predict
ti . gender will be a determining factor in overall perrorm-
ance, with males Leing petter, oo well as lnteracrting with
the  side of presentation, =0 *hat males will show = greater
favoring ot the stimulil presented on the left side than will
temales. The eftect cf gender may a4lso interact witn that of
jre=sentation mode such  tha*t, aco difficulty ot the\\}asx

incredases, 543 aiso will +he Bdle/temal Trepancy.

An  attempt was made to incorporate testable aspects ot
€acu of the 1ssues mentioned 1n  the Ireceding paragraphs
ln+o the rpresent work. To accommodate this lntention,
certain hypotheses were advanced, based upon the findings
and conclusions of previous. investigators. Briefly stated,

these hypotheses are:



1) that numerical r1dentification ot dot:s, das 4 1 esponse
mode, would, 1n 1tseld, have minimal ettect on the

proces:.ang ot the stimulus pattern:s;

2) that the ri1gut  hemisphere (1ett hand and visual
11eld) would pertorm better than the lett hemisphere (riygnt

hand and vigual {1eld);

3) that pertormance on the wvisual task would be
comparable to th.t on the tactual tusks, though possibly

\
sligntly better;

4) +hat scanning 1n the tactual task would tacilitate

pertormance;

5) that the more difficult tasgk would provide the

»

larger difterence between the nemispheres;

6) that learning would occur difterentially tor the two
hemispheres, such that the ri1ght hemi: ;here would show a

yreater incr-ds< 1L pertormance than the lert; and,

7) that maies «¥o0ild perform letter than temales, or, at

least show a greater right hnemisphere superliority toan

For the purrvoses of faclliitatinyg discrimination of the
relative abilities of tne two hemlspheres, t.ue perfcermance

oL each wds meacuased in rerms ot botn the number c¢
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patterns adenfataed. Ersentially, 1t was oxpected that the
1

measnre Naced oo complete  patterns (McKeoevel and  Huling

1470) would show a qreater right hemispher . cuperpority than

tna*  based  on 1ndividual  dot:s (Bryden, 1976), tnough the

latter ha: been shown to be somewnat usetul (Kimura, 1969).

Anuther consideration  was  that the two henl:bheres
migynht produce ditterent cwmbers o1 "shitt errors"™. Shift
¢LLOrs are those in which the relative distances among  the
dot.s are correctly determined, put the complete pattern is
cuhiited Ly one position 1n elther axis. It was$ tnoujht that
the right hemisphere, as well as being more daccurate with
regyarda to identifying complete patterns, would aiso tend to

3
mdake & greater number ot shift errors.
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Met hod

Sub jects from 4 pool cr volunteers tron undergraduate
uni1versity  sourses  were  inltially  screened using the
haudedness  1nventory designed Ly Varney ynd benton (1975,
cee Appendix I).‘VolunteeL: wole ellminated rrom the pocl 1t
they i1ndicated left or miXxed lateral preference on three or
WoIe¢ actlvities in the inventory, or if elther one cr botn
parents .. two  or  more st lings were lerfthanded. Those
remainin; in the pool were then considered to be strongly
rignthanded and, from tihese, thir.y subjects were randomly

selocted, fifteen males and f1fteen females.

All <cubjects par-.clpaeting b the visual pacs . e
experiment hal normal c: cor- :~ted vision. NO subjécts in
the tactual vparts of the experimernt had any l1mpediment tO
the use of their wmiddle fingers (l.e., no scar tlssue OT

long fiugernails).

Tactual. Tactile fatterns «ere presented by & @otor-
driven, horizontally moving platrorm and a vertically moving
stimulus mount underneath the pkatfora (see Plates 1 and Z).

The platform was constructed so <nat, wheh subjects e



A

Plarte Y0 Tactual-r lesentation apbisitus. Showe is
the tiatforn unon which the runject pliced haeh
anioo Wit o the apddle firjers in othe juriss., Noto
Soat o the femoveable barrier (wita bandle as *ap,

Tt er 1n’ DICroG«dLltCch wore % visinls to *+he
Sulyect seciuse ot oan dnternose i dnijuo soraen
woloh nrevented the cohgect froon e 1p g the svim-
dlus oyt eorns gqd 1150 suppos el tno daIning

Tyorhe .
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Plate 2. Platform with o2ne hanAd properly posi-
ti1orei. rhe platform may either remain stationary
(as 1n  +he photograph) or be made to move fronm
side to side. Again, the removeable barriar ani
microswitch would not normally be visible fron
this viewpoint.

-Pla*e 3, S+*inuius moun* fronm the experimenter's
viewpoint. The @ount i5 in the lowered position
*o allow thoe stimulus patterns to be chany21.
Wyr*e she double tulcrum, whick nroduced the need

t A A v L) N s e e - o oan -



covered qguide  over a4 swmall hole, through which the tip ot
the  Linger  protruded (see Flate 3). The finger guide
testricted voluntary movement of the fingertips. The

stimulus mount could hold a stimulus pattern under either
tinger fn such ' way that, when the tingertip protruded
through the plattorm, 1t touched the stimulus pattern. When
4 stimulus pattern was under one tinger, a'%lat surface was
under the other. The stimulus mounts were interconnected by
4 balanced-tulcrum meclanism. Ihus, 2qual pressure on both
fingertips was required to ensure perception of the stimuii,
since the application of pressure to only one side would
cause tnat <side to withdraw from the fingertip, makinyg
pérception dirficult. Tne stimulus mount was spring loaded
so *that, at the =n1 orf each stimulus presentation, a release
mechanism was <. onically activated, removing the stimuli
rrom direct contact with the tingertips. Before each
stimulus presentcetion, a panel was interposed between the
platiorm and the stimulus wmount. Z2emoval of this panel
started the timing sequence for each trial. The apparatus
also contained a small warning light to alert the subject to
the advent of a4 trial. The trial duration was controlled by

mer which was activated by a

bt

a calibrated Hunter ¢

mlcroswitch connected to the barrier panel.

During stimulus presentation, the platform upon which
the hands rested either moved from side +to side, sOo that

each fing=rtip passed from one side of its stimulus to the
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other, 1 1t remained stationary, so that each tingertip was

diirectly over 1ts stimulus pattern.

The stimull were L0625 inch (1.59mm) diameter
plexiglass pins with 1ounded tips. Six of these pins were
arranged 1un a two-by-three grid under each tfinger, with 2
long axis of the array perpendicular to the fingei. Each piu
sat on a spring-supported piston so that slight tinger
pressure would push 1t down. The pins were .15 inch (3.81mm)
trom center to center. The total array covered an overall
area of .30625 X .2125 1inches 9.21 X S5.4mm). Such
constraints—were placed on the stimulus array so that it

would fi+ wi*tnin, as well as conform to the cuirvature of

adult middle fingertips.

The stimulus patterns were «created by placing thin
plexiglass plates over the pins which allowed only selected
pins through to make contact with the fingertip (see Plate
4) . The present study usea twenty patterns, each consigting
0 three pins. These twehty’patterns were all the ©possible
celections ofi three rpins from six, and included:

123 124 125 126 134 135 136 145 146 156

234 235 236 245 246 256 345 346 356 456

Note that every stimulus pattern has its mirror image in

another pattern, excerpt for 123, 135, 246, and 456 which are



Plate u, Plates used to produce different stimu-
lus patterns, numbered from 1 to 20, as viaweld by
the experimenter. Note that +he .subject would
perceive the stimuli from the opposite diresction.
Also shown are the three sinjyle-dot plates, as
well as the the blank plate and one proiucing the
full six-do*t array.

19
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horizontally symmetrical, and therefore are M{rror images of
.

~ ,
tnemwselves.

Visual. ror the visual bart of the eoxperiment, a
Gerbrands ‘- three-channel tachistoscope (Model T1C3 C) was
used to present the stimuli. The stimuli were black dots
("Letraset", LD-14-B) on white cards (bhotograph~mounting
boar@), arranged 1in the same patterns as the tactile
stimuli. Each dot was .125 inch (3.18mm) in diameter and
subtended a visual aﬁgle of .34 degrees. The dots were
spaced .3 inch (7-62nm) from center to Ccenter. The inside
boundary of the complete array was displaced 1. 64 degrees
lert or right from a cén“ral fixat ‘o point ana subtended a
horizontal visual angle of 1.97 degfees. The vertical visual

angle subtenced by +he +otal array was 1.16 degrees. The

fixation point was marked with a small "+,

The luminance levels for the three channels of the
tachistoscope were measured using a Photo Research "Spectra
Spotmeter", Model UBD-1°. . Measurements were taken both
before any subjects had participated in the visual task and
after all subjects had been run. There was close'agreement
between the.pre— and post-experiment measurements.

N

N

The three channels were designated "hlank", "fixation",
and "stimulus", Luminance levels for the three channels were
7.1, 5.5, and 4.9 candellas/meter2, respectively. As will be

noted in the procedure section. the threo ~honnad . oo
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activated for different periods of time, during the experi-

ment, and this variation was reflected in the differences in

luminance levels. Note, also, that the “stimulusg" channel
wis measured while the full arrays were inserted, and the
luminance 1level may have been $1ightly higher during

presentation of each of the stimulus pa tterns.

Procedure

The study was divided into three separate parts:
tactual-static (TS), tactual-dynamic (TD), and visual (V).
The stimulus patterns for each part were the same. Subjects

were tested individually.

Tactual-Static. Each subject was instructed according

to the form in Appendix IIA. He Or sShe was told tAat tactual
discrimination was being studied (no mention was made of the
latefality aspect). Then an illustration of the six-dot
array, with each of thé dots numbered, was shown and the
subpject was asked to remember the number for each position.
Then the subject placed both hands on the apparatus with the
middle fingers properly positicned in the guides directly
over the stimulus arrays. The full Six-dot arrays were
presented on both sides (to both middle fingers) and the
subject was asked if all dots could be felt. When an
affirmative answer was received, the arrays were removed and

the practice trials were begun. A1l trials were preceded by
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/%/LLtset of the warning 1light, the intefposed slide was
}removed fromw between the fingertips and the stimuli. Fach
practice trial coﬁsisted of a one-second presentation of a
sinyle dot to one side or the other. The position of the dot
1n the array ahd the side of presentation varied according
to a4 predetermined random order. Twenty-four practice tiials
were given, including two presentations of each dot position
on each side. After each dot was presented, the subject was
asked to give 1its position by gaying the appropriate number.
Immediate teedback was given for each trial by telling the

sub ject whether or not the response was correct and, if not,

what was the correct response.

After the practice trials hgd been completed the
subject was informed that all subsequent trials would be the
same except that each would have a three-dot pattern father
than a single dot. The subject was asked to respond by
giving thé numbers ftor each of the three dot positions in
each stimulus. No feedback was given on these trials. Each
subject was presented with forty trials, which included two

presentations ot each ..timulus, once per side.

Five random orders of stimulus presentation had been
determined &see Appendix III) and each of these was
presented to one male and one female in each groug. For the
purposes of analysis, the trorty trials in each order were

divided into five groups of eight trials (tour on each side)
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on the same side no more than twice in succession. No
distinction was made between groups of trials during
presentation. /w-ﬂ“\¢\

Tactual-Dynawic. The pro

>dure for this part ot the

the tactual-static

experiment was the same as that for

condition except that, during |the non-practice trials, the

apparatus was set to produce a pd € scan of the stimuli.
This was accomplished by side’ »=side nmovement of the
motorized platiormbwhich supported fhe hands. The platforn
completed one cycle (duting which the center of the tinger
moved trom one side of the stimulus pattern to the other,
and back agaiun) during the one-secéhd trial. The motor was

activated just prior to the removal of the interposed slide

and stopped at the end of the trial.

Yisual. The wvisual ©part of the experiment is very
similar to the other two parts. The ‘instructions (see
Appendix IIB) are the same except for the modifications

necessary to apply them to this task.

The room containing the visuql apparatus was darkened
except for a small shielded lamp used Yy the experimenter to
read the 1instructions and record the subject's responses.
The subject was thus able tc adapt to limited 1light

conditioens for a short period before viewing -he stimuli.

The blank channel remained on throughout the experi-
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on, they were superimposed on the blank tield.

Each trial consisted ot a ome-second presentation of
the  fixation "+, At offset of the fixation channel the
stimulue channel was dctivated. During the tirst half ot the
practice trials, the stimulli were, presented for thirty
mil!ilseconds té acquaint the subject with the task. On all
other trials, the stimulli were presented for twenty milli-

5 <
seconds. 0]



kesults

Subjects!' performance was measured in teorns

number ot stimulus

oL complete thregfdot patterns correctly identit

Each value represents the average number of dots

\

ot both the

dot:s correctly ideuwtitied and the number

lLed.

Ol patterns

correctly 1dentitied by the tive subjects in each jender x

mode grouping and within each grouping ot four

each side of presentation.

Practice Tridals

A preliminary analysis of subjects' perfor
practice trials was made to determine if ther
predisposing differences between genders,
presentation, or sides ot presentation when only
presented im each trial. Particular interest was
ditferences between the two tactile presentation
these had exactly the same practice sessions. No

differences were found within tne practice trial

trials for

mance on the
€ Wwere any
modes ot
one dot Wa s
paid to the
nodes, ac

significant

<
e

Table 2 contains the means tor all main effects, for

both patterns and dots. A< in Table 1 (from
means are derived), the maximum values for each

twelve, respectively. The data for both patte

which thes

are four and

rns and dots



TabLie 1

A. Mean Nuamber of Complete Patterns Correctly ldentitied

on Four-Trial bdocks tor Each Si1de of Presentation

by Five subjects per Gender Within “ech Mode,
= . T T e e e e e e e e e R
| | S5ide ot Presentation i
| | T T T T T T T e e e e e e e e e !
| ] Left Fight |
| i Trial Blockge Trial Blocks |
|Mode Gender| 1 2 3 u 5 1 2 3 4 5
k — 4 s - 1
| I | | I
| TS |Male | 1.4 .0 1.0 2.8 Je ] 2.0 2.6 1.8 1.4 2.3]
| |Female| 1.8 <20 1.8 3.4 oo | 1.8 1.0 2.4 2.8 Z.6|
| | | ) l |
| ID [Male | 0.6 LU0 t.4 1.0 1.4 o usg 1.0 1.2 1.8 1.4
| [Female| 0.4 -6 1.4 Lo 1. Z2 ) 1.8 2.0 0.8 1.6 2.0]
| | | | !
b Vv Itale | 1.8 1.6 1.8 1.4 2.0 | 2.0 2.0 2.4 2.8 2.l
{ |Female} 1.0 . 2 1.8 SO ZoZ | Y.L L2 zu2 0 2.8 2.8
[ A A — A —_— —_——

B. HMean Number of Individual Dots Correctly Identitied

on Four-Trial Blocks for Each Side of Presentation

by Five Subjects per Gender Within Each Mode.
r T - - - a1
| | Side cf Presentation |
| [T o e e e e e e [
| | Lefr kignt |
I | I'rial Blocks Trial Blocks |
| Mode Gender | 1 2 3 y 5 1 2 3 4 5
E’ R 4 T T - 11
I | I | I
I Ts5 (Mdale | 8.0 8.0 6.0 10.2 11.0 4 Y. 10.2 .8 8.6 10.2]
| |Female| 8.4 7.6 9.z 11.0 10.2 | 8.8 9.4 9.6 10.2 9.6
I I | t i
| 1D |[HMale | 7.0 T.2 3.2 7.4 7.8 | 6.2 1.2 b d 9.4 E. 2|
[ [Female| 6.4 7.8 &.4 .z 8.2 | 9.4 9.2 8.0 9.0 9.0]
| | | l |
IV JMale | 9.2 8.6 8.2 8. 3.6 | 9.6 9.2 9.6 10.6 9.4
(. IFemale| 7.0 7.8 9.0 8.0 9.4 | 7.8 9.2 9.0 10.4 10.0]
L Iy 1 - 4
Note: The maxiwmum value for ary cell 1in Tabl 1A 1s 4.0,

and 1n Table 1B ig 12.0.



Table 2
Mean:: tor Mailn Effects.
'‘nder
Male Female
pl: 1.74 1.85
D2 : 8.71 §.84
Mode
) n %
Pz 2. 12 1. 30 1.497
D: 9.33 8.0Z% 5.98
Learning (Trial Blocks)
1 2 3 u 5
P: 1.40 1.58 1.7C i.0b L.227
D: 8.12 s.U5 8.68 ﬁ-jo 9.33
Q;QS
Left Xight
P: 1.0c 1.97
D: 0.l 9.13

tPatterns: maximum=4.,
2Dots: maximum=1z.
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biveks {learuing ] x side or presentataion) tactorial decign

with sobjects nested wicnin mode and gender.

A summary ot the overall analysis of varidance 1or com-
piete patteins 1o presented in Table 3. The oftect ot Jender
was  found to  be ncn-gignificant. T'he effect of mode was
slyuiticant (F-4.360; d.t.=2,20; p<.025%). The increase in
pertoraeucCe  over trial  blocks was significant (F=5.4.7;
dot.=8,%;: p<.00l). Also, pefformance was significantly
better wher Dpatterns were presented on the right side than
when  they were presented on the left side (F=10.91;
det.=1,.4; p<.005). Lastly, a significan® interaction was
tound awong the mode x learning x cide of presentation
of{tects (F=2.50; d.£.=86,96; g<.025). The Tukey Test (Kirk,
1968, p. J65) was used to test for sigynificance between mear
palrs witbin mode. Altnough TS and TD differed significantly
(¢=3.92; d.f.=3,24; 1£<.0%), 7Ts and V, as well as TD and. v,
did not difrfer reliebly. Wnen the mean for ID wac compared

with those of Loth TS <nd V, ccmbined, uslnyg Schefte's ratio

\,

(Kirk, 1966, p. 2069) the difterence was significant (F=vu.46;

d.r.=2,<4; n<.01).

-

A summary . . the overall analysis of varianrnce for Adots
15 given in Table 4. The results of t analysis
escentially awirror those for complete patterns, with
statistical signlricance oeccurring tcr mode (F=4.85;

deto=.. ., p<.025), learning (7=5.24; d.r.=4,90; ©p<.001),



Allalysls

Table 3

o1

Vdariance

tor

Patrtern:

Uvelpall
Snaurce
cender
Mode
G-X M

Supjects (6ox M)

Learnileg [tric!
G x L
rox L
G x 8 x L .
Sub jects (cox M)

side

GoX S

Mox U

G X I X =
subjects (6 ox M)
L X o

X LoX 9

% L xS

G x M x L x 5
Subjects (G x M)

block. |

28.25
VI
8.57

10.55

121.07

Y.30
O.16
3.8¢
Q.13
20.60U

| SN

to
£oh

U. 90
16.006
U.94
a, 37

LS5 T k%
O.42
0.85
1.04

10.91%%
0.19
2.24
0.19

.67
.32
L.5U%
Q.97



Tatle o
Overall Actalysis or Variauce for Dots.

S0uUrCe S5S df s F
Gender 1.20 1 .20 0.13
Mode 32.01 2 46.01 4.ob5%*
G X 15.69 2 7.84 0.83
Subjects (6 x M) 227.44 24 - 9.48
Learning {tzia!® blocks] ° 64.09 u 17.02 5.20%%
6 X L 4.25 t 1.06 0.33
4 x L 10.59 & 1.32 0.41
G x M x L 37.31 8 oY) 1.44
subjects (G x M) < L 3711.95 96 3.25
slde © o 33.16 1 38.16 33.b8%x%
5 OX S ' U.56 1 0.56 0.5¢
41X 3 6.85 2 3.42 3.0Z2
s X M ¥ o3 3.73 2 1.86 1.6U
supjects(G x 4) % 3 27.20 24 1.13
L x = 9.4¢ 4 2.37 0.39
G x L x S 6.55 4 1.6L 0.61
M x L xS 39.75 3 4.97 1. 36
G x ¥ x L x S 19.01 g 2.38 0.29
Suujects (0 x M) L x 5 ~56.1¢ 906 Z.07
Fp<alyh

%0, 001
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however,  that  the F o1s consider&bly lavger tor the side of
preseuntation e:fect  when dots are considered than when
complete  patterns are considered, and that the nmode «x
lecrning x" side of presentation interaction is not qulte
significant in the dots dnalysis (F=3.02; d.f.=2,24;
p=-068) . The Tukey Test was used to examine the pairwise
comparisons within mode. The difference between TS and TD
Wds slgriticant (g=4.26; d.f.=3,24; p<.05), though between
I5 and V and TD and V the differences were not significant.
Schetfe's ratio was used to compare t.e mean ot TD with
those of TS and V, combined, and the difference was found to

be significant (F=9.06, d.f.=2,24; p<.01).

Tactual Modes Only

The analyses¢ for patterns and dots were repeated after
limination of the visual =mode data. Aith respect to
pat .¢ as, consideging “both ractual  @modes, significance
occurred for mode (F:11.60; d.f.=1.16; p<.005), learning
'F=3.99; d.f.=4,64; i 1), and the mode x learning x side
interaction (F=2.77; d.f.=4,64; p<.05). With respeét to
dots, significance occurred for mode (F=12.70; d.f.=1,16;

p<.005), learniity (F=3.9Z; d.t.=4,64; p<.01), &nd side of

presentation (F=10.12; d. f.=1,16; p<.01).

Witnin Individual Modes

In Taple 5 the means irom Table z have Leen proken down



Table 5
Means Within Modes.

Tactual-Static

Gender
Maie Female
Pz 2.04 2.20
D2: 9.26 9.40

1 2 3 4 5
P 1.7 1.00  1.85 2.60 2.80
D: 8.70 8.80 8.90 10.00 10.25

Side
Left Right
P: 2.06 2.18
D: 9.16 9.50

Gender
Male Female
P: 1.16 1.44
D: 7.68 8.36

1 2 3 4 5
P: 0.90 1.40 1.20 1.50 1.50
Dy 7.25 7.85 8.20C 8.50 8.30

Side
Left Right
P 1. 16 1.44
D 7.66 8.38
Visual
Gender
Male Female
P: 2.02 1.92
D: 9.20 8.76

Learning (Trial Blocks)
1 2 3 4 5
P: 1.55 1.75 2.05 2.15 2.35
D: 8.40 8.70 8.95 .40 9.45

Side
Left Right
P: 1.64 2.30
D 8. 044 9.52

1Patterns: maximum=4,.

- - PN
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into means for each of the three modes. The means for
learning, with resgect to dots, have been further divided
into those for each side of presentation and are presented

1 Figure 1 to 1llustrate the three-way interaction.

factual-Stdtic. Within the tactual-static mode (see

Table 6) the learning effect was significant rfor both
patterns (F=5.07; d.f.=4,32; p<.005) and dots (F=3.86;
J
d.t.=4,32z; p<.025). No other ﬁain effect was significant in
either analysis. Howeéver, a significant learning x side
interaction did occur in both cases (patterns: F=3.52;
d.f.=4,32; p<.025; dots:F=3.35; d.f.=4,32; p<.025). This
interaction ,(see Figure 1, top) was further explored with
respect to dots via an analysis of variance for differences
in trends (Kirk, 1968, pp. 270-275). It was found that the
dirference in linea. trend was significant (F=8.71;
a.r.=%,32; p<-01) as was the difference in cubic trend
(F=4.47z; d.f.=1,32; p§-05) and that the two, combined,

accounted tfor more than 98 percent of the difference.

Iactual-Dynamic. Withii. the tactual-dynamic mode (see

’

Table 7) the analyses for patterns and dots were not
consistent with each other. In the case of patterns, no
significant effect was found, although thé effect of side of
preseatation ¢id approach significance (F=3.50; d.f.=1,8;
v=.098) . With the analysis based on dots, however; the
etfect of side of presentation was significant (F=19.79:

d.f.=1,8; p<.005). There also occurred a significant
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Figure 1. Performance over trial blocks for each
side of ©presentation within each mode, measured
in terms of correctly identified Adots.
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Table 6

35

Analyses of Variance Within the Tactual-Static Mode.

Source

Gender
Subjects (G)

Learning
G x L
Subjects (G)

Side
G x S
Subjects (G)

L x s
G x L xS
Subjects(G)

T T T e T e e e e e e e e e e e e e e  —— — — — ———— —— ———— . ——— o —— — ———

T e e e e e e - -~ —— —— —— - — — - ——

. Gender
Subjects (Gj

- Learning
G x L
Subjects (G)

Side

G x S
Subjects (u)
L x S

G x L x S
Subjects (G)

X L



Table 7
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Analyses of Variance Within the Tactual-Dynamic Mode.

saurce

Patterns

- . ——— —— e e —————— o — - - - —— = — = = wm = m = = am e e = e e e e

Gender
Subjects(G)

Learning
G x L
Subjects (G)

Side
G x S
Subjects (G)

L x S
G x L x S
Subjects (G)

X L

@ - = " = ——— ————— ———— = - e W= = = - —m . = — A - = - — = . = s e - - —

— e > —— " = ————— = - ————— ————————— A A ———— - - —— = - e

Gender
Subjects (G)

Learning
G x L
Subjects(G)

Side
G x S
Subjects(G)

L x S
G x L x S
Suhjects (G)

*p<.05
*xp<. 005

19.26
7.34
126.00

12.96
4.00
5.24

7.34
18.70

19.79%x
6.11%
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interaction bhetween gender and  side (*=b6.11; d.f.=

p<.05), the means ftor which ore given in Table 4.

1,8;

Visual. Within ~the visual mode (see Table 9) only the

erfrect ot side of presentation was . significant tor

patterns (F=15.78; d.t.=1,8; p<.005) and dots (F=46.66;

d.t.=1,8; p<-001).

shift Errors

both

n-th respect to shift errors, wherein the subject

reported the dots 1in the appropriate relationship to-each

other but with the complete pattern shifted by one position

horizontally or wvortically (e.g., stimulus 124 repo:ted as

235 or stimulus 456 reported as 123), the only significant

et fect in the analysis across all modes was that of learning
| .

(F=3.5¢; d.ft.=0,96; p<.U1). The mean number of shitt errores

tor each of trial blocks 1 through 5 were 0.32, .27, 0.4

5,

0.?3, and 0..3, respectively. [he difference between mean

number of suitt ¢ cors per block of  trials tor the

lett

(0.371) and right (0.25)  sides of presentation was not

sigrificant, though in the predicted direction. Analysis
edcCch ot the thiee nmodes, individually, provided

significant effects with regard to shitt errors.,

Order

of

no

Tables 10 and 11 countain summharies o the overall



Table &

Gender x Side Interaction

Within the Tactual-Dynamic Mode .

Lett Riyht
Male T 52 7.8¢4
remal e 7.80 .92

3y



Analyses ot Variance Within the Visual Mode.

sSouLrce

Gender
Subjects (G)

Ledarning
G X L
Subjects (G)

side
G x S
Subjects (G)

L xS
G x L x S
Subjects (G)

Table 9

Patterns

39

. T T T T T T T T T e T e e e e e e e e e

15.78%
0.13

1.10
0.21

T T T T T T T T T T T S e e e e e e e e

._._._...-_.~._...._..._...._....,.-__--,._---_.._,_.____—._.___._--—______..__---...

cender
Subjects(G)

Learning

G x L
subjects (G)
Side

G x S
Subjects(G)

#p<..005
*#xp<. 001

To.26
18.06
X L 96.48

29.10
0.04
X 5 5.00

8.34
4.06
$2.40

e oy o o oy -
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- Table 10

Overall Analysis of Variance for Patterns,
Including Order and Excluding Gender.

T T T T T e e e e e e e . e e e e - e e e

source 5SS dt Ms E
vrder 10.31 4 2.58 0.54
Mode 38.13 2 t9.00 3.96%

O x M 25.31 3 3.6 0.66
Subjects (0 x M) 72.15 15 4.81

Ledrning ZB.2¢ 4 7.06 O. 50 Exxx
U x L 34,7y 16 Ce 17 2.02%

M ox L 8.57 o) 1.07 1.00

O x ¥ x L © 34,949 32 1.09 1.02
Subjects(u x M) x L 64 .59 64U 1.08

Side 9.36 1 9, 36 T4. 1 xxx
O x S .09 u 0.77 T

M xS .85 . 1.92 .90

U x M x S 8.05 o 1.01 1
Subjects (0 x M) x S 9.95 15 0.66

L x S 2.15 4 V.ol 1.12

O x L x 5 ib.48 16 1.65 345wk
M x L x 5 16.19 8 .02 4.22%k%xx
O x M x L x 29.58 32 0.92 1.9 3%%
subjects (0O x L x 3 28.78 60 0.u8

*p<.05

?!'«‘;‘.,N

.



Table 11

Overall Analysis

Including

Order

ot Variance tor Dots,
and Exciluding vender.

41

O x M
Subjects (0O x M)

Learning

O x L

N x L

O x N x L
Subjects (O x K)

63.00
154,256

68.09
75.01
10.59
87.00
191.4°

38.16
4.35
6.85
9.09

18.05

9.49
61.41
39.75
97.04

1.2.66

6.75
46.00
7.80
10.20

17.02
4.069
1.32
Z.72

3.19

38.16
1.0¢
J.uz
1.14
1.20

<. 37
3.84
4,97
3.05
2.04

— . - o ———

5.33 %%
1.47
0.4
0.55

31.72%%x%
0.90
2.84
0.94

1.16
1.88
2. U4 3%x
1.49

*x% <L 001
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analyses ot the eftect ot order for patterns and dots,
Lrespectively. Note that the data  has  been collapsed over
gonde to allow degrees of treedom tor the error terms. As
witi  the original analysis for patterns, significance
occurred  roi mode ('~ 3.9¢6; doto=2,15; p<.05), learniny
(F-o.50; doet.=4,60; p<.001), side (F=14_12; d.f.:1,1§;
p<.U05),  and  the Interaction ot mode x lcarning x side
(F:u.ZR; d.1.28,00; p<.001). The main coffect of order was
not significant. However, order did interact significantly
witih learning ($#=2.02; d.f.=16,60; p<.05), learnina x sid-
(F=3.45; d.t.=1¢,60; p<.001), and mode x learning x side
(F=1.93; d.r.=32,60; p<.025).'with respect to dots, order
‘did not have any significant main effect, nor did it enter
1nto any signiticant 1nterac L The findings of
sigynificance, in the original analys. , Qere replicated for
tne effects of mode (F=4.,487; dot.=2,15; p<.05), learning
(F=5.33; d-f.=4,00; p<.001), and side (F=31.72; d.f.=1,15;
p<.001) . In addition, the nmode X learning x. side
interaction, which was not significant in the original

analysis for dots, was found to be significant in this

analysis (¥F=2.03; d.f.=8,60; p<.029).

In terms of shift errors, order did not have a
significant main effect. As with the original analysis of
snift errors, only learning was significant (F=5.0/;
d.r.=4,60; n<.U05). Order did interact significantly with

learning (¥=/." d.£.=16,00; p<.025) ard learning x side
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Discussion

The present studv has shouﬁ that at least some ot the
tunctional ditterences between the two hemispheres in normal
adult humwans, as uveteimined chiefly tnrough experiments 1n
the visual mode, exist as well 1n the perception of  tac-ile
stimuli. fdhough the similailty is not completely unquali-
tied, it is <cutticiently substantial to provide further
ciaritication of the aralytical procedures used by the two
maejor halves ot the human brain. Thus, this study also makes
a atritution Lo the redefinition of functional lateraliza-

tion.

1n general, the main finding ot this stuuy was fhat

ien the two hemlispheres of the numan brain are required to
perceive smalil numbers orf point stimuli, presented visually
or tacrually, «nd to respond Ly nuﬁérical identification ot
¢dach ot those stimuli, the left hemisphere 1s superior to
the rigyh’. Tils 1s true whether performance 1s measured 1iun
terss of identification of individual stimull or of complete
groups of stimuli, though not so emphatically 1in the latter
case. Th®s contradicts the expectation one would hav- 1f he
wers to consider the stimuli only in terms of their wverbal
versus spatial properties. Such an expec ation would be that
the rilght hemisphere would L« superior 1n determining the
positional or spatial aspects of such .muli as used 1in
thhlis study (Hermelin and 0O'Conrorz, 1971; Kimura, 1969;

McKeever and iiulling, ° i Fudel Denckla, and Spalten,



1974) . A5 a  result, it seems no SSdry to reconsider oul
position with regard to the basis of hemispheric laterality.
What will be suggested and discussed in the tollowing pages
1s that hemispheric difterences stem trom differences in the
manner of processing incoming information. It will be seen
that the lett hewmisphere specialized for procecsing
itens, or element s, of information, while; the right
hemisphere's specialty is the processing of configurations

of items.

Since no significant differences were found within the
practice trials, it was concluded that the subjects
participating in this study were from a fairly homogeneous
bopulation and that ary predisposing tendencies were spread
evenly throughout the three presentation-mode groups. It was
also concluded that the relative abilities of the two cides
(hemispheres) could not Le distinguished at such a low level
of stimulus complexity. Lastly, since neither gender exhib-

ited a greater ability tihan tre other at this task, 1t was

concluded that tfere:ces occuring on the more
difficult expe: 1=ks + 14 be _nterpretable in terms
C. poth task o. iYL -4 Tent _enispheric usage by

the two genders.

According to the ~« =es »f both -att ns and dots,
the subjects perceiving the dot stimuli vie he TD mode did
significantly less well a+ report.ng the dot positions than

did those in the @gther two groups, specifically those in the
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IS group. This was not consistent with the expected results.
The prediction at the outset ot the study, bud..ed on previous
research (Apkarian-Stielau and Loomis, 1975; Loonmis, 1974),
was that dynamic presentation of the patterns would
tfacilitate perception of them. A very likely interpretation
ot the discrepancy is that scanning of a stimulus array will
only facilitate its perception when the array is at or above
a certain level of complexity, and only when scanning
significantly Leducés the complexity . of the array while
maintaining Sufficient iuformdtion content. | Upon re-
examination ot the <two articles by Loomis and Apkarian-
Stielau, one finds thais inferpreration substantiated by the
different degrees of effeCtiveness of slit-scanning between
TWo groups of letters. Perception of each of the letters of
the first group (A,d,1,3,L,%,N,T,U,V,W,Y) was facilitated by
scanning because the process essentially produces a sequen-
tial tracing of each 1 .ter. The complexity of each of the
letters in the second group (B,C,D,E,F,G,K,O,P,Q,R,S,X,Z)

did not allo¥ *his to occur.

The stirulus patterns used in the present study are not
very complex, and it s+ ms that scanuing, in this case,
serves only to disorient the subject by disrupting his frar
or rezerence, i.e., the stinmuli do not remain at the same
points on ais fingertip as they do in the TS np@ode. The

subject may rely only upon interstimulus distances for

vusitional information. Thus, scanning, in this case,
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reduces the 1information content without the necessary

concomitant reduction ot complexity.

As the TS and V nodes were not signirtficantly different,
in terms ot the subjects' overall performance, it would
appear that the manner ot presentation of the visual stimuli
has made their perception about as difficult as that of the
tactile stimuli. From this, in conjunction, with the other
similarities between visual and tactual presentation in this

[

study, “+ would éppear that a number of intermodality

comparis .ay be made.

It 1s also evident that learning occurred in both the
patterns and dots measures across the three modes. This was
expected due to the lack of exi—rience of the subjects with
this type of stimuli. However, even blind people experience!
with Braille show some learning occurs when using the
relatively "naive" middle finger to perceive the stimu. .

(Hermelain and O'Connor, 1971).

The side of presentation, with which the present study
is espécially>concerned, reliably affected response accuracy
and was most apparent when the data from the three modes
were combined. However, it was in the opposite direction
trom the one predicted! Based on previous research, one
would have pfedicted that the "spatially organized" right
hemisphere should be more able to perceive the patterns of

dot stimuli and should thereby have less difficulty in



48

determining the positicus of the individual dots.  That the
lert hemisphere was superior suggests that its ability to
construct. the pattern through accurate perception of the
positions of the individual dots was given the advantage by
the task requirements imposed by this experiment. This point

will be elaborated upon later.

The interaction between mode, learning, and side of
présentation, ‘which was significant in the overall analysis
based on patterns, 1s described <clearly 1in Fiéure 1.
briefly, 1t appears that while the relative increases 1in
performance for the two sides are somewhat consistent
between the TD and ;haédes in the TS mode something quite
ditferent has 6ccurred. The accuracy <. reporting stimuli
presented to the 1left hand is much higher on the last twvo
biocks of trials than on the first ﬁhree, while no
substantial increase is evident for the right hand stimuli.
it would seem that considerably more learning has -occurred
with the left side than with the right (as confirmed by the
analysis for difference in trends). In fact, there 1s a
dramatic reversa. of supericrity ir the TS mode. This
reversa  suggests that the right hemisphere, though
originally somewhat handicapped in its attempt to deal with
the groups of dot stimuli as pat-erns, was eventually able
to capitalizé upon the consisfency of the complete array and

radically incrcase 1its performance. Of the three modes of

presentation, only the TS wmode provided support for the



prediction that the right hemisphere would Show an increase
in  pertformance while the left hemlsphere's performance

remained relatively constant.

The probable rea#on tor lack of confirmation in the TD
wode 1< that the right hemisphere was unable to évercome the
disorientation produced by the scanning. In the V mode also,
theAright hemisphere seems to have been prevented fron
increasing 1its performance .to any dgreat extent. This was
probably also due t the difficulty of perceliving the full
patterns as easily as perceiving only one or twc dots in
each. This will be further clarified in the discussion of

the different processing strategies of the two hemispheres.

-~

Consideration of only the two tactual modes shous that
the effécts ot mode-and learning were further substantiated
with respect to both patterns and dots. However, in the
analysis of the pattern data, the effect of ,side of
presentétion seems to have Dbeen eliminated by the mode x
learning x siae interaction. In the analysis based on dots,
meanwhile, the effect of side was sufficiently strong to
prevent the interaction from leaching significance, This 1is
indicative of the difference tetween the relative abilities
of the two hemispheres in this type of task. As wmentioned
previously, while the right hemisphere initially concerns
itself with the whole ©patterns, the left iS concerned

primarily with the specific elements of the patterns. Thus,

the superiority of the lef* hemisphere is more apparent in
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the ahalys

palternc,

The TS m
the three 1
occur in e1ith

in  Figure 1
trial blocks
effect would
lesult of the
hemisphere,

interaction,
effect within

obscured..

In the

patterns pro

dppears to h

c

(see Table 5)
mdagynitude to
ditficulty o
have occurred
pPresentation
lack of
superiority
pertformance
above, this a

the 4abilitie

be signirficant.

0

D

based on  dots than 1n that based on whole

ode, tahen individually, ' the only one ot

b which a signiticant latecuti oy efrtect did not

er the patterns or dots analysis. 1t appears,

(topj, that if the trend set by the first three

¥ds to coutinue, a significant laterdlity
R in fact, have have been found. However, as a
large increase in the bpertormance ot the cight
which produced the signiticant learning x side
as well as 4 significant overall learning
T5, the effect ot side of presentation was

TD wode it was found that the analysis based on

vided no significant @frfects. Thougyh there

ave been an upward teriency across trial blocks

+ 1t Was not cousistent enough or ot cuftficient

This was probably due to the

sibly would

f the task. sSignificant learning pos

had there been mc-o rlals. As far as side ot
1s concerned, the'most brobable explanation for
significant difierence is, again, *“hat the
Of the 1lett hemisphere is reduced when
on  whole patterns is considered. As stated
Spect ot the task is more Closely related . to

O F + ha - .l a '

=
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reporting single dot positions.

When pertormance in reporting iquLvidluxl dot positions
in the TD mode waul considered, the eoftect ot side ot
presentation was signiticant. Thus, in the wost difticult ot
the three presentation modes, based on the subjectst overall
pertormance, we tind the distinct superiority ot the lett
hemispheres  The  contracst thwaon the results ot the two
tactual modes wmay be explicated through turther reterence to
theil relative degrees ot ditticulty. 1t would seewm that, 1n
the TS mode, the right hemisphere, though it had begun at  a
relatively low level ot  pertormance, was able to take
advantage of the consistency of the array and  improve 1its
perrormance  over trials. In tne TD wmode 1t was unable to do
$0. Rererrving back fo the discussion obf the probable etfects
of scanning in this situation, one may suygest that the
lJatter reduced the amount of information t the tbtdl
array and thus reduced the ability ot the rvight hemisphere
to increase its  performance. Note that there 1s not a
significant learning etfect 1o the dots (as  well as
patterns) dualysis in  the ID mode. This does pose the
guestion ot to what extent turther experience with the task
would facilitate an  lincrease 1n the pertormance of ole or

both hemispheres.

In the V mode the ettect ot side 0L prescentation wdas
reliable in  the analyses ot both patterns and dots. That

perLormance was consistently better when the stimull were



presented to the 1ight wvisual field contradicts the
proediction made at the outset of the experiment. However, it
does not negate the useability of the visual data as a basis
tor comparison ot the tactual data. 1t i hecessary  merely
to understand that the prediction was tounded upon
dssumptions which were either incorrect or itncomplete, more

than likely the latter.

It 1s someuhgt curious that the expected ettect of
gender occurred only in the TD mode. Originally, based upon
the dssump{ion‘ that the pight hewisphere would prove
supeiior on ﬁhis task, and on the tindings of Kimura (1969),
and others, it was predicted that males would do better than

temales,  or  at  least  show  a greater right hemisphercs

.

superiority  than  the Latter. since the main eftect of side
OL presentation was opposite to that predicted, one would
then  expect temales te  do better, or show a grv;ter lett
Lhemisphere superiority (Fudel, Denckla, and Spalten, 1974,
Mecslone  nd Davidson, 1973; McGlone and Kertesz, 1973). The
siyniticant interaction between gender and s1de of
presentation in  the 1D mode supports this conteution. I+
dppears that the tendency tor females to pertorm better with
the lett hemisphere than with the right has combined with
the r&ugulLkuuent:; ot  the  present  task to produce a Large
discrepency between the two sides. With mdales, however, the
.tuudéncy to perform better with th right hemlsphere has

decreased the eftect of the tack requirements used. in  this

v
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study, thouyh it does not reverse it.  Difticulty i

dsueusid@ the significance of a4 gender eftect  is clear.y

indicated by Falrweather (1976), who more than ddqqlh)tely

polnt:s out that sex ditferences and their interpretations
P

"dare quite  questionable  in most  studies, and the present

study 1s no exception.

The analysis sted on shitft errors provided little
usetul intormation. However, there was an indication that
the right hemisphere was more prone to commit such an error.
This 15 consistent with the predictions made at  the outser
ot the experiment, specltically with regard to the tendency
ot the right hemisphere to be more concerned with the array.
4% 4 unit than with the specitic positions of its 1solated
parts. The lett hemisphere, howovur,kShould not make as many:
0ot these errors tor the opposite  reason.  Perhaps, with a
ditterent task situation, such as recognition, this el tect

would hdave proved statistically signiticant.,

The tinding oif 4 statistically signiticant difference
among the blocks ot trials, with regard to shitt errors, 1s
not the result of any systematic trend. Most 1likely, 1t 1s
due to a chance jreponderance of the stimull on which these
errors can occur within the same one or two trial blocks

within wmore than one order.

In the aunalyses ailmed at detecting order etftects, it

was found that different orders had difterent influences on



the ctate of  learning, at least with respect to patterns.,

This saght be expected, sciunce not all the stimulue patterns

were ot the same ditficulty and the g
likely to be presented in varying:

ovrders.  The  rtact  that ord&f

interdction, when performdance ¢ FEUred in terms ot

i i . Ly

e T , .-
individual dots, substant lates this expmlanation.

It now remains to Jdiscuss the most probable explanation
tor the dapparent  disagreewent between the resulrs of the

present study and those of most previou:. situdies.

The matter ot verbal naming of stimuli or bits ot
lutormation 1is important here. The abili* > to label ltems ot
intormation would seem to be wumore or leas speclfically
within the realw of the %eLt hemisphere (Bryden, 1970;
hillyard, 1973; Kimura, i9&2). This would lead one to
suydest tunat wheonever some rorm ot labelling act 1ty ig
reguived, the lett hemicphere would carry out the task.
However, Hermelin and O'Connor (1971) have shown that this
1s not necessarily the case, at lea-t with regard to
tactually perceived intormation. Recall that, 1n their
experiment, persons experieﬁced with Braills patterns were
better ut namiug and‘combining such patterns when the latter
were perceived via the left hand. In the present experiment,

vhen subdects. who were nat oveorionoad s dh
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asked to name the  individual dot positions within each
pattern, they performed better when the patterns were
presented to thelr right hands or visual fields.
Nevertheless, the Light side superiority on *he tactually
presented  patterns  was  not  as great as on the visually
bresented pdatterns. In fact, in one tactual grouy  (TS) the
Left side  pertormance  overtook and was definitely better

t two trial

W

han the right side performance in the la
YC S . This, in conjunction with the findings ot Hermelin

.d U'Connor, suggests that two events have occurred in the
present study, one in which the general frocessing strateqgy
Ol the human bruin is expressed, and the other in ‘which that
processing agplies specitfically to tactually perceived

intorwmation.

It Seems that the primary question one must ask in
determining tne relative abilities of tho two hemispheres is
to what «xtent a perceived stimulus must be processed before
1t may be identiried. I1f a stimulus 1is limited in
iniormation content, or is easily 1dentifiable from 4 small
number of its parts, it will necessarily be handled nmore
erriciently by a feature-analv-ic method thanr by a wholistic
method. On the othe. hand, the latter would be better at the
proc siny ' mcre complex  or  not so’eauily 1dentified
stim 1i. = Ooutsert of this experiment, numericél
identirication of  the dot stimuli was not expected to bias

the results to any yredt extent, i accordance: wiwu the



tindings ot H wmelin and  0'Connot (1971) . However, thls
assumption wdas  somewhat crucial  to  the outcome o the

experiment.

A distinction may be made between the tusk requirements
ot thig experiment and those of Hermelin and O'Connor. In
their study, tne subjects were requireg to perceivéa he
complete  pattern of stimuli before any additional analfysis
or interpretation could be made, The preseut study, howdver,
tequired that the subject identity each individual stimulus
position. It was chought that the presentation of stimuli in
grduhs, or patterns, would facilitate identification and
thus lead to a right hemisphere superiority. 1It, 1in tact,
such patterning does not produce sufficlent tacilitation,
right hemicphere superiority - shouldn not occur. The left
hemisphere, thon, seems to be ab.e to count, or itemize, the
incomiug 1hformation when the latter 1s somewhat limited in
content. The right hemisphere, on the other hand, appears to
liandle rather large amounts oL; information as units or

. . N 5 . . . P
groupings, witasout much attention to the individual elements

contained theyrs=in.

Essentially, it seens that the dichotcmy between the
two hemispheres is not merely one. df verbal versus non-
verpal, but a more basic one of feature-analytic perception
versus "Gestaltic'" perception. It would seem that, in order
for the M"spatial" (right) hemisphere to be more proficient

at *this task, each dot pattern must be dealt with as a
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whole, It the  staimulue 1o more casirly perceived o three
copiaratc units (dots), the lett hemispere would be expected
to be the wmore able (semme:,, 1968 ; Lovy, Trevarthen, and

Sperry, 1972y o Seamon and Gazzaniga (1973) have shown that

tass requitements, 1n term. ot dnstructions requiring either

veobal  rehearsal  or visual-lmwaglnational nemory, con
spoecitically Jd at [rocessing ot intormation to oune
hemlsphere or the other, regardles: ot the torm  (verbal or

pictoral) ot the fforwo cion. Bartholomeus (1974) has tound

simila: eftects in the auditory mode. This agrees with the
contrast betseen the present work and those ot Hermelin 'nd
atConnor (1971) and dudel, Denkla, and Spalten (1974) . <
tollows that tL the respon: mode, or any other aspect of

the- task, compels -the subject ' attend wore to each dot as

di individual‘tyan tO“fhe;c< lete pattern, the abilities ot

A C e 3 S , )
t e Lxght,ﬁhemlsppereﬁ nxrynt be superceded v those of the

- REY

letft. . e e

y

2 v
Thus, ye_uygﬁ to the general conclusion that the leir
. L “"

i hemisphers (1S not metely "verbal™ put "feature-analyticH,

unile'ﬁho ri§ﬁt hemisphere 1s rot merely spatial" but

"Gestalt.c", or "hollistic". Sowe autuors prefer t©o make this
ditfe entigtien in  *er . of simulraneous {parallel) versuc

LUCCEssIve  (serlal) piocessdny (Cohen, 1973; Das, Kirby, and

N
1% ) S P
B “darmuan, 197%; Papcun, et al., 1974), but it seems sor: what
adifficult + - distinguich this trenm holi.iti1c/1eature-analytic
Y - .

tu(ﬁihongf.




[t would seem that the intrinsic neurological/anaton-
1cal structure ot ﬁhv visual, auditory, and somesthetic
SelLes would differentially influence e mode of
pfocossing. Thus, the complexity of the stimulus, together
With 1ts tamiliarity to the terceiver and the requirements

ol the tack situat.on, should 1nteract wlth the input

modality to determine which mode of processinc 11 be
fuperior. (Whether or not both Processing modes ‘ lways
active is 4. other Juestion.) For example, one ~ald o sume
that the auditory mode, primarily g temporal 2ssor,
deals witi inr ‘n a sequential_manner. However, music is
generally proc. Y the right hemisphere (Kimura, 1964) .

Yet, Bev r and Chiarcllo (1974) have shown that prdcticgd
musicians deal with music mainly with their lért hemisphere;
In addition, Papcun, et gl. (1974) have shown that naive
subjects show left hemisphere superiority when given
dichotically presented dorse Code letter pairs containing up
to sgVeﬁléléggﬁgs (dots and/or dashes), as do experienced
Morse_'oodé§ ;perators} However, when the numnber of elements
in the letfértpaipg'uas increased beyond seven, the naive,
subje~ts sgowed a reversal ot superiority (to tHe right
hemisrhere), “acugh the experierced ones ¢id npot. Other
authors dealing with audition (Bdkker, 19€/, aobinson and
Solohon, 1974) nave provided furthe- gupporting evidence on
thils account. Likewise, while tactile perception would

géLexally appear to be holistic or simultaneous, Lechelt and



Tanice ¢1976) have shown that the left hemisphere is the mair
[Voces: oL VR some  instancesn.  Presenting  from  five to
“higteen s mechanical  pulses to the widdie fingertips, via a
.6 cn diameter contacto:, they feund that trains of up to
/ o ‘ :
seveh  ~ul.s were more ac¢iurately counted when delivered to
the preterred nand (iorgat ban} in dextrals). However, trains
Ot wore than reven pulse? were more accurately counted when
presented to the nonpreferred hand. Note the recurrence of
Millert*s (1356) limitation as the poiut of shift in
superiority. Also, in the present study ti¢« left hemisphere
wWas superior, at least until the right hemisphere gained

€nough «.perilence to supercede it (in the TS mode) .

The present results séem - ive 1mplicatious beyond
merely describing the type of material generally dealt with
by the hemispheres to the actual strdtegies Ny which each
process<. «ll material. This approach to the tepic 1is not
entirel~ new ~(Levy, 1969), Luat mos* authors still tend to
disregard 1t in thelr discussion, However, it has recently
become more acceptable as a tramewb;x within which the largg
amount of 1nformation in this area mdy be organized (Bever,

1975) . €.
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Appendix 1

Handedness Inventory

Mixed
Weak

Mi. d
i xed
Milxed
Mixed
Mixed
Mixed
Mixed
Mi1xed
Mixed

Mixed

Know

¢ the
lanks

Know
Knuow
Know

Knows,

Khow

A. Are you righthanded or letthanded?
Right Lett
. Do you coansider yourselt to be strongly,
noderately, or weakly righthanded or
letthanded? strong ~ Moderate
1. With which hand do you write?
Right Lett
J. With which hand do you usce a tennlss '
racquet? Rialit Lett
3. With which hand do you use a screwdriver?
Rigyht Lett
4. With which hand do you throw a ball?
e S Right Lett
5. With which hand do you use a necdle 1n
cewing? Right Lett
. With which hand do you use a hawmmevr?
Right Lett
7 Wwith . hich hand do you light a matcu?
‘ Right Lett
$. With which hand do you use a toothbrush?
. Right Lett
9. With which hand do you deal cards?
: \ i11ght Lert
10. With which hand do you hold a knife when
carving meat? ' R ‘ht Lett
1. 1Is your father righthanded
or lefthanded? Right Lett Mixed Don't
2. 1s your wmother righthanded -
or letthanded? Right Lett Mixed Don't Know
3. 1t you have any siblings (brothers or sisters), ygiv
sux, age, and handedness ot each (write it more b
1f needed) .
1) Sex__ _Age___Handedness: ,
‘ Right Left Mixed Don't
2) Sex___Agye___Handednes
qzybht Left  Mixed Don't
3) Sex___Ayge___Handedness:
Right Lett Mixed Don't
4). Sex___Aye__ _Handedness:
' Right Letft Mixed Don't
5) Sex___Age___Handedness:
: ' Right  Left Mixed Don't
From Varney, N.R. and Benton, A.L. (1975). - -
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Appendix T11A
Tactual Instructions

This experiment 1is concerned with the sense ol touch,
or somesthesis. We are attempting, here, to evaluate Low
aspects ot the ability of humans to percelve tao tile
stimuli. I cannot fully e¢xplain the intent of the cxperianent
at this time, out 1 will be quite willing to ygive a jul!
explanation, and answer any questions you may have, after
the experiment is completed. I will now 1intorm you d4as to
what we would like you to do during the experiment.

First, I would ‘like you to place your hands on this
plattorm, like this, s0 that your middle tingers fit snugly
into these guides and rest in the holes at the end ¢ e
guides. They should be comfortable, as they are to 1 1
there for most ot the experimeg¢ . aee

Now, what 1 am going to do is to pla-e a swmall pattern
of six dots under each finger. The six dots are arranged
like this . ... Are you able to teel the tull array on both
sides? You w 11 notice that the stimuli are able to moeve  up
and “‘own. Please put equal pressure on both sides so that
they remain level. '

Now, consider the numbers on this card. Fach dot  has
been given a number trom 1 to o. Please memorize the
positions ot the numbers.

Now Wwe dre yoing to have a number of trials during
which a single dot will be presented on one side or the
other. Kach trial will be the sawme, except that the position
and sideé ot the dot will vary. First, this 1light will go on
tor a short time, tollowed shortly by the removal ot the
barrier between your fingers and the  stimulus. When the
barrier 1is removed please lower the tips of your tfingers
onto the stimulus ds quickly as possible. Press down with
both tingers, even though the stimulus 1s only on one side,
since, it you don't press down with one tinger, you won't be
able to teel the other side very well.

You will have very little time to fecl- the stiwmulus,
but please do not attempt to move your fingyer in the guide
as this will reduce your ability to accurately tell where
the dot  1s. As soon as the stimulus has dropped away from
your tinger please say the number of the position that it
was 1in. Immediately atter you have given your response I
will tell you whether or not it is correct and, if not, what
the correct response 1s. In this way, Yyou will eventually
learn wherce the dots are under your fingertips . ...

i

Now we are goinyg to begin a series of slightly

N e
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ditferent trials. From now on, each stimulus will consist ot
three dots. '

For ID: Also, trom now on, this platform will move rrom side
to side over the stimulus during each trial. Please allow
your fingertips to follow with the movement of the platforn.

Innediately atter the stimulus pattern has dropped away
frouw your tingertips pledse give the three numbers
designating the three dot positions in the stimulus. I will
not give you any feedback during thesc trials since I wil)
not khow whether or not Your responses dare correct.
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Appendix 11B
Visual lustructions

This experiment 1s concerned with the :.onse of  visio

We  are attempting, here, to evaluate some "aspects of tac
ability of humans to perceive visual stimuli. I cannot fully
explain the intent ot the experiment at this time, but I
will "¢ quite willing to give a full explanation, and answer
any gJuestions you may have, after the experiment 1is
completed., I will now intorm you as to what we would like
you to do durinyg the experiment.

tirst, 1 would like you tc look into this apparatus so
that your tface tits snugly into this guide and you can see
directly througyh the slots. You should be comtortable, as
you are to rewain 1n  that position for most of the
experiment. ...

b
Now, whd:E§I am  goiny to do 1is to place two sumall
patterns ot six dots each in front of your eyes. The six
dots are arranged like this. You will notice first a small
"plus" marx 1in the center of the screen. Please look
directly at that mark. ... Were you able *to see the full
array on both sides:

Now, consider the numbers on this card. Each dot hasc
been given a ‘number from 1 to 6. Pluase mesorize the
positions of the nunmbers.

Now we are going to have o number of trials during
which a single dot will be presented on one side or the
Other. Eac trial will be the same, except that the position
and side ot the dot will wvary. First, the small "plus”
symnbol will appear tor 4 short time, followed immediately by
the dot. When the + symbol is shown please look directly at
1t. Do not look to one side of the t, as this wi1ll reduce
your chances of seeing the dot properly if it is presented
on +the other side.

The dot will be presented for a very brierf period.. As
soon  as 1t has been presented please say the number of the
iosition that it was in. Immediately arter you have given
your <response I will t¢ll you whether or not it is correct
and, 11 not, what the correct response is. In this wWay, you
wili "ventually learn where the dots are on the sCcreen. ...

Now we are going to begin a series of slightly
ditterent trials. From now on, each stimulus will consist of
three dots.

Imi~diately after the stimulus p&ttern has been
presented please give the three numbers designating the
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three dot posations in the stisulus. 1 will not give you auny
feedl b during these trials since 1 will not  know  whether
O a0t Toul responses ay- cori oot .



Five
ecach s1id

to

eiyht
cach s

1
R20
L17

“L19

RO6
L7
L1
RYZ

RG .

L17
R1
RU
L19
L3
R11
L1
R9

Appendix III

stimules Orders

randor orders ot twenty ot

ceim
ide.

R10
L16
R18
L11

Al
<

_R19
R1u
LS

©. Each

ord

er 1s

div

imuli
1ded

« PlLEsented twice,

into five blocks

ouce
ot

uli, each block containing four presentations to

Jrder 1.
3 4
LY L13
R1 L8
R16 RS
L14 L15
K17 R9
L20 L18
L1Z2 R2
R3 R7
Order_3.
3 4
R8 L10
L20 R18
_ <14 L15
R3 R16
L2 £13
‘L1 L8
R12 &
L14 L1o
1
11 L3
21 L15
31 R20
4y RS
51 L3
6] RO
71 RS

L16

2
L17
R15
L1z
R16
R19
L7
L2
RS

’ der_c<.
1 2 3 4
11 R17 L8 L20 L2
2] L12 L1 RS R12
3] R15 Ré L11 R1
4| R3 _ R20 L14 LS
51 Lu L16 R10 R1-
61 R9 R4 TL13 L15
71 L7 L19 R19 R11
8] L10 R7 . R12 L18"
Qrder 4.
s —1 i, < - -‘3 ) 4 .
1y ®¥6 Ro R1 L8
21 R13 7 R1¢ L3 L6
31,412 L2 RU R 20
4I¥R17 217 L5 LY
51 L20 &5 L11 R3
6| R7 L13 RS9 R15
71 L18 L15 L16 L4
g| L1, R10 .R19 R11
Order_ 5.
3 4 )
R14 R18 R4
LS L10 L19
R10 L1 L13
Lo R11 R3
R13 R12 L9
R7 L18 R2
L14  R1 R17
L11 L20 Lu

s
Py

R1
L9

L1

R12
L1§
R14

nZ
L4



