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ABSTRACT

Two -exéerilents were conducted in which H'stimulus
orientation anisotropies were examined within and across the -
visual and haptic nodalities under two temporal conditions;

. . :
of response, 51multaneous matching and nemory-delay
u%tchlng. Stimulus orientations exanlned were 09, 459, 909,
1350, 225° and 3159. o - »

. piccrimination between horizontal and vertical
orientations was reiiebly more accurate than discrimination
of, oblique orientations for lall. modality by respouse
"conditions, i;e:, the n"oblique effect"” uas obtained. Haptic
and visual modalities were also found to differ rellably in

their ablllty to reproduce spec1f1c stlmulus orlentatlons.

'In the intramodal study, the YV condition was most aC¢urate

in the simultaneous matching conditio whergas in the HH

COndlthD the menory-delay ﬂatchlng condi¥ion yielde the

.most accurate reports. Both nodallty condltgons Otjihe
' cross-modal studfl(VH,:HV)vuere significantly more acCurate
in the.ueiory-delqy;uatchihg condition for all orientations
except 1352  and 22504 Across the 2v experilenrs, the
'Qescendinq ordes’%f accuracy of the modality condltlons was
vuisue} Stigulus 1nsgectlon - visual reproductlon A
visual‘éstimulus iusuectioh - hapsgg reproduetiouza(Xﬁ),
haptic stinulus inspection -(visuallreproductionﬂ XHV),\.anu
‘ haptic stimulus inspection - haptic reprodu&%ionliﬂﬂ).
y ‘ .

.
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Introduction
]

About 85 years ago Jastrow (1893) recorded r-eferences
for hgrizontal and vertical orientations’uhen compared with
oblique stimuli. " An ihtensified empirical investigation
into this phenomenon, termed, the "obliqué effect", has been

i
resumed .in the past 15 years. The present thesis extends
thisf‘investigation by testing discrimination and memory for
orientations - perceived ih differing‘ sensory modalities,
vision and touch;

" Many studiés have’ demonstfated the occurrence of ihs
"oblique effect"™ in the visual systems of animals, children,
and adults (a reviei/of the research is provided by Appellé,
1972) . smith (1962), for example, reguireé'ad lt obser;ers-
to estimate the radial position of’}adar trails and found
' greatest éccuracy at the horizontal and vertical axes. A
number of other response dimensions have been similarly
exaqined in ‘a test of this phenomenon in humans, for
instance, grating. acuity j(Emsley,,1925; Léibowitz, 1953) ,-
parallelisa (Onlef & Volkman, 1958), 6ptical illusions
(Leibowitz & Toffey, 1966), etc. R el'a Teuber (1963);
testing 3 1/2 - 8 1,2 year-old children, noted that although
vertical lines were readily, discriminated from horizontal,
theren vas a decrease in ability to discriminate between
right and left obliques with a correséonding‘ decrease in
age. Stimulus comparison conditions’haie also been féported

to affect the discrimination of mirror-image obliques by

children (Bryaht, .1969) ; few errors vere nmade in
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simultan«cous comparisons, but the number of errors increased
O {

~

in successive comparisons with a corresponding decrease in
age. ~
Demonstrations of the "obligue -ffect"™ :in the animal

kingdom have ,been made by téstinq tpc rate of learning to
respond differentially to two or more -timuli; the rate_loi
learning is wused -as a measﬁre of abili%f to'diécfiminaté
between objects.,in different oriéntations} .Thi% pﬁenomenon

and technique are exemplified in a study showing that the

K} - 0 v ‘ .
goldfish requires twice the. number of horizontal-vertical

discrimination trials to learnm right: and'-left. oblique

discriminations (Mackintosh & Sutherland,\1963);:“

\

Three viables theoretical explanations have  been

advanced to exp%}in both ‘the occurrence and bases of the

"oblique effect™. _An empiricist position,‘as'represented‘by

Ross (1974) and Segall, Campbell & Herskovits | ¢1966) .

péstulates a cultural-learningabasis. That is, liying-inra

|
|

carpentered world in' which ' there :is' a p:epbnderepée of

S A

horizontal and vertical contours incrgases awareness of

these 2 planes and ¢jlhgnce one would gediqt 4 - greatér

- : ] . ) L - " T
accuracy of orientation perception andvresponse at these 2

particular orientations. 'As early dé 1905 vRiv%fsxubbserved_

that non-Western peoples, i.e., those redred in cultures
lacking rectangularity in .their visual® environments to aﬁg
[ . Y N - T
great degree, were reliably more subjgct to the horizontal-~
\ .

vertical illusion than were Western 'peoples, -i.,e., those

raised (;n ®carpenterized” or "urban® environments full é9/

physical \itructures vith vertical and horﬁifntal ridht



angless
A second explanation, faﬁofing-the nativistic position,
. ’
suggésts that such stimulus orientation asymmetries reflect
an endogenous predisposition (Leehay, Moskowitz-Cook, Brill
& Held, 1975). Leventhal & Hirsch (1975) demongtrated a
inarked increase in thé distribution of visual cortical cells
showing vertical\and horizontal orientation preferences when
young Gats were exposed ‘to horizontal and vertical stimulus
orientations; eiﬁoéure to .diagonal lines produced =no
resulting,nodifjcaﬂion in the distribu{ion. Andrews“ (1967)
inferpreted his results on acuity for line orientation in
terms of‘uﬁits that are "most selective when tungdd to the
. horizontal or verticai directions". Similar y,vulérger
evoked potentials have been aeteCtéd when »vieui;g égktiéal
or horizontal test patte}ns (Maffei- & Campbell, 1970). An
endogenous basis for the "oblique effect" s stronglf
suggested by the results of these sthdies.

An eclectic explanation, - synthesizing the above
eppirical and nativistic Fositions, bhas beiy advanced by
Annis & ast  (1973). They .interpret their finding of

- discrepaat or;entationai anisotropies in visual aé;ity ‘for
groups r:--ed in different ecolqgical_en'*“ohpentS-to be the
»\y//)ésult ox ~.ae 'prepopderance of vertical and horizontal

contours ovér Qtper orientations in the early environment;
that is(*bgigdiation-specific detectors in humans are tuned
by'thé early visual environment.. Annis & PrOSt- found the
visual 'enviroﬂlent of Cree Indians from the east coast of -

James Bay, Quebec, to differ from that of city-raised Euro-



S ¢ .
Canadians. The Euro-Canadians were raised in a

ncarpentered" envircnment; pthe Creg Indians were raised in a
- A .

traditional setting confaining a nore‘ﬁeterogenogs array of

N,

v o .
contour /orientations. Corresponding orientatiéﬁii
tw

" anisotrepies in visual acuity also differed between the
=

cultures < the "oblique effect" , was absent in the Cree

\.1

‘I'ndian sample.

/ 0
Althouqh the, "oblique eff Sh has been

o

clearly demonstrated, more recent research has examiged the

visi

raccuracy of perceived orientation within other modalities.as
vell as bet;een modelities.ﬂ The existence of the;gﬁyblique
effect™ 1in the hagtiC‘nodality was recently deuonstfefed by
Lechelt A£ al. (1976) . Specifically, these authors found
that heptic‘perforlance vas significantly poerer than éispal
in stimulus orientation serception. . Reliable differences
wvere also obtained'betueen simultaneous' matching a;d memory
conditions§ pefformance was rsuperior for the simultaneeus
matching condition in the. yisual modality at all oblique
orientations and, in the haptic modality for only two of four
oblique stimulus orientgtiené:' .

0f primary interest in the present stﬁdy ‘is the
conparison of visual \;nd Haptic crose-nodal as well as
intramodal stimulus orientation perception. - Resqits
obtained from this - investigation iodld ~ provide | some

indication of the pervasiveness and robustness of the

— "oblique effect"”.

A secondary interest is {the effects of the responss
. ok

comparison conditions (simu taneeus matching, memory-delay

»



matchihg) on the accuracy of orientation reproduction.
" Information wmay, therefore, be obtained concerdingb the
effects of different te;po;al conditionsion the nagnitudg of
the ﬁobliqqg effect"»witbin and between visual and “haptic
modalities.

Another interest 1is the degree of constancy. and
accuracylof orientation reproduction across all modality by -
temporal comparison. éonditions. x The obtained results may

y
prov1de 1nformat10n concerning differences along conditions
in the encodlng and central pIOCQSﬁ}n%/dgfstlﬂull varying in
spatlal crientation.

viéualv and haptic modalitiesgpare expected to differ in
their ability to reproduce specific stimulus orientation  in
‘that: (1) reliable visual and haptic modality differences
have been obtained im related research (Rudel & Teuber,
1964; ﬁilner & Bryant, 1968; Goodnoy, 1911; Rose, Blank &
-,Bridger, 1972; Abravanel, 1972; Lechelt etﬁgl., 1976), and
(2) visual amnd haptic phenonenai wvorlds are cleérlj unique
and diffefent. 'The discrepanc

¢

thé‘visual and haptic modalities has been expounded in depth

in the phehonenal vorlds of

by cCutsforth (1951) who, an examination  of bli

children, noted among other ' hat, for a blind chilg,
forlé of triangles must diffe% a greater ahount'haptically_
fhanv vhat is reguifed for (; Sighted child ‘to detec£'
visually. '

| Cross—nodal differences .in orieﬁtation perception are
also expected even undér conditions in uhiéh identical

stimulus arrangements and procedures are employed. Recent



research in 'cross-modal matching of form  has provided
discrepant results for- different cross-modal conditions
(Gaydos, 1956; Eastman, 1967, '1968; Garvill & Molander,
1968; 'Hilner. & B;yant, .1966; Goodnov;a 1971; Abravanel,
1972). oOf interest in the péesent study are cross-modal
cogparisons of stimulus orientatibn ‘and whether stimulus
inspection and response in° different modalities yield
similér "oblique effects". o '5

A vast .‘;jorfty3 of viéﬁal apd haptic’s;udies using
’geometric or" "nonsense” fbrns have. been concernea with
intra- and cross-modal transfer and matching in childfen.'
An increnentﬂin %ccuracy of cross;nodal matching with a
coggesponding increase in age has been reported by Bryant
"(1968) . The results of most expefimenté generally indicate
that for normél children and adults intramodal visual
comparisons are the easiest (Cashdan, 1968; Milner & Bryant,
1970;‘Rudel & Teuber, 1971; Abravanel, 1972; Rose, Blaﬁk' &
iBridger, 1972) . Opposing views are held as to the sequence
oécupying the second position of fécility.. Several studiésA

) .

hqie obtained results suggesting the visual—%actile sequence
as the more accurate (Cashdan, 1968; Milner & Bryant, 1970;
Ggodnou{ 1971; Rudel & Teuber, 1971; Abravanel,’19;2; Rose,
vBlank & Bridger, 1972); anotﬁef group of studies support the
converse (tact;le~visual1 sequence (Gaydos, 1956;‘Eéstl3n,
1967,-1968; Ga;vill & Molander, 1968). _The majority of
Etudies*>agree, héuever,Q that ofrthe cross-modal sequences
(i.e., matching visual to haptic or latéhing. haptic-ito

q;sual) one is equally as difficult or more difficult than



the other. TqF intramodal tactile (haptic) sequence 1is

typically the most difficult or equally as difficult as the

cross-modal sequence(s). ™

' seguene \
Temporal conditions emplcyed in this study are also
predicted to influence differentially the accuracy of
orientation\ceproduction'iqreach modality condition. There
is, for'instaﬁce,(ﬂ%dh eéidence that modality and memory are

v

interrelated. Goodnow (1971) exanined the effects of delay
iin visual and haptlc intra- and cross-modal formonatching‘
tasks. Hemory demands appeared to have little effegt dn
information gathgred visually; hovever, accuracy diminished
with ihcfeases in delay in the intra-modal tactile matches.
Cross-modal matching conditions were equally difficult when
imposed delay wvas miniﬁal, but inéreases in delay, although
decreasing in accuracy generally, resulted in superior

performance by the visual-tactile sequence (visual
@ , . .

standard).

The aforementioned studies ovide no ldefinite
informaticn concerning the "central processes" responsible
for cross-modal ‘matching and transfef. Névertheless,ithey
do suggest that there are some central mechanisams for the
detection of information about fofn common to visual and
haptic. péreeption. é. J. Gibson (1964) suggests“ that‘
stilulus \infornatioﬁ is invariantvanéng the modalities and
that c:oss~moda1 transfer or discrimination may be dependent

t

on invariant features ccamon - to several modes of

stimulation. Questions remain, however, as to-uhethér this

common information is processed in "equivalent manners and



L | .
with equal veridicality by different modalities (ﬂéchelf et
él., 1976) and whether all stimulus input is reférred to a
common pefcepfual mechanism (Brumaghim & Brown, f?68);- From
the results of their investigation, Brumaghim & . Brown

v \

conclude "that within an adjustment for differential acuity
between vision and Actx(j;hjouch‘ input 1is referred to a

common perceptual meéhan%sn. The suggestion is that once
“the . stipulated adjustments have beeh made the similar

©

gfhphic representations obtained provide support for a
single perceptual mechanisa. o

Briefly,‘ the pfésent, thesis is cohcerned ;ith the
investigation of the "obliqué effect" within énd across the
visual _.and haptic . modalities 'and,w in ;particular} the
accuracy of orientation reproduction both intra- and cross-
modally. Inbthe'intréqual conditions, the visual nodaii{y
is expected ‘to result in more accurate lorientation
reproduction " than the haptic modality. ﬁo specific
prediction is made regarding the.sdberidrity of the visual-.

-,

haptic.  vs. the haptic-visual conditions due to the

_discrepancy. in results found in the literature. Also of
» . . o 2 o . s

interes is “the effect of different temporal conditions on

“the accurjacy of orientation reproduction in all nodality

conditions; the simultaneous,matchin condition is predicted-

]

§
to  produce, 1in all wmodalty condMions - reliably' more

accurate responses than the memory-delay matching condition.
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Method

H
The order of intra- and crdssrnodal__treatmeﬁt§ vas
’ . '
counterbalanced across subjects“ such that half 'of the

subjects first served in the intfalodal experiment and wfor

the other half, the order was reversed.

ExperiSentJI: Intramodal Study
-¢

Subijects
Q .
: Sixteen unfversi{; students, 7 males and 9 females,

sere selected for participation in this study under. the
restriction tha£ they vhave a right hand prefe;ence: i.e.,
the right hand is used fof writing. Subjects were payed foh’
an hourly basis. The first experiment téok approximat;iy 2

1/2 hours.

Design. _

-
‘ This experinen?;;jjisisted of a 6x2x2x2 repeated
measures design, conditions respeé&ively being.

orientation (0°, 450, 90°, 1359, 2259, 3159), wmodality

»

(visual, haptic), response comparison condition

(simul“~recns matching, memory-delay matching) and  response

'side "r. left)., ' “ \ V

. ars peated measures vere \kaken of each of the 6
orienta.ic -r each response side by modality by response
comparisor - :ior Each of these 18 stimulus orientation

-

presentat..oLs . -ivem ~n a different random order for
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each response side condition. The experiment thus compri§ed
a total of 36 trials per response compariéon .condition angd

—

72 trials per modality.

a4

‘\

T

,In the haptic modality condition, reSpbnse side was
definéd in terms of: (1) ihe assignment of. sfandard and
conparisoﬁ4'stinulus' rods to either the riéht or left side,
and (2)_perceiﬁing énd reépohse hands, respectively; 1i.e.,
thé perceiving  hand inspected 'the orientation of ' the
standard stimulus and the responding hand. manipulated the
comparison stimulus to produce am orientation eqﬁivalent to
ghe standard. Response side in the visual modality
condit%on vas conmnparatively defihed in terms of'positidn
(right.or left) of thé sta;dérd and comparison stimuli. /L

The nénory-delay matéhing condition consisted of a 5
sec., stimulus inséecticp intervél of'the-standard stimulus
_folioved by a 10 sec. interlude and then the resbonsé; A
nready" signal was_given at the beginning of eachlirial and
- the onsét and termipation of each interval vas signaled by
an auditory cue. In the sinu;tane?us matching condition,
»sgbjects madé their reébonse, visual or haptic, by adjusti;g

the orientation of the comparison ‘rod while viewing or

féeling the standard rod, respectively.

Visval Stimuli
Two 5/16 by 8 in. aluminum rods painted a luminescent

pink were mounted separately on 18 in. dialeégf circular

plyvdbd frames painted in flat black. One _of the rods was

attached to - an axle protruding through the frame|\center and
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connected fo a Selsyn motor behind the frame, The Selsyn
motor was, in’turp, conneéted to’a remote control.unit which-
was empioyed by the subject to n;nipulate the orienfatioq of
thé'copparison rod which coﬁld be .rotated both clockwise.and
counterclockwise. . The other luminous rod was attached
directly to the second frame in/radial orientation from the
center; the frame itsglf was attacheqvéé its center to a3'
axle. Movement was under manﬁal confrblg The axles of both
frames vere 'separéted approximétely 19 in. horizonta;;y.
Behind each of.tpe Fljvoodiframes, 360 degree prptractors.
Qere aftached to the axles ehabling the experimenter to
determine the exact position of each rod. |

In the vigual modélity, the rod connected to the Selsyn
motor invariably served aélthétresponse stiaulus, the othér

ro ser¥j g as the standard stimulus. ,Chang' in response

side necessitated a change in.the position of the rods :and‘.

their franmes. ) . ' .

Haptic Stigg;;

| The stimulus rods used in the visual condition were
glso‘emﬁloyed as the haptic stihuli. " However, a 'c}amp vas
attéchéd'_ to each axle ‘behind .tne' framew'enébling thé

experimenter to fix and hold -either - rod at any desired

. - ! ) . 3
orientation. Standard and comparison rods vere, again,’

identical to the . visual stimuli  in all . physical

.specifications.
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General Apparatus ' /

In order to eliminate env1ronm§ntal or contextual cues,
.subjects 'sat on a black wooden stool in a small booth (72
iffi. x 27 in. x 40 in.) the interior of which was painted,a
flat black. A black curtain, anginé{f;bn a curved curtain
‘rod inside the booth, was arfanged if a guasi semi-circular.
manner around the subject and across the opening of the’
booth. In order to pernait inspectioa of the rods two .
adjacent holes were cut in the cloth, their centers at a:
heightﬂ apprbx;ﬂgting averagé shoulder level to a person
sittiné on the wooden.stool. The stimdli vere mounted‘ at
the approprlate heng§ behlnd the curtain.
Haptmg access t the stimulus rods was via sleeved
jopepings fastened'to thé‘curtain; this arrangement prs;ented
vaieuing of the stiauli. Sabjects, by putting ;heir haﬁés
through fhe sleeves, coﬁld.manually maniéulate and explore
the orientation of the aiulipum rods. In ;hs visual
condition subjects were able to see only the stimulus -ods
and iheir background circular frames. However, for tue
memory-delay matching condition imn the visual modality, a
circle of black construction papef concealed the rod and
frame of ;he'standard'stinulus.
Procedure o : : d{: , /

-

Visual _Condition. The experiment began with %the

subjeét-being seated between and 21 in. from thé stimulus

-

rods. .The subjects were free to 1ook about the apparatus as

the 1nstructlons wvere read (see Appendlx).‘3Br1efly, the
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subject was informed that he/she would be requested, under 2
different resporse ' compariscn conditions, to ~explore a
standard. stimulus orientation and reproduce it by either
using the remote control unit (vlsual conditiog) or by
manual manipulation of the rod (haptic condition). Speed
and'accuraoy ;ere erphasized. Following the instructions,
the subject was shown the 6 orientations to be used in _ the
experlment. The curtain was then drawn in the booth and the
laboratory lights were turned off. Subjects were <given
approximately S5 wmins. to adapt to the illuminatlon in the
booth. |
. Prior to the start of; each trial, the conparlson,

Stimulus was randomly set to one of the 5 orientations not
being tested on that trial. The comparison stimulus in the’
simultaneous matchlng condition was adjusted by the suo;ect
to be at an orlentatlon equivalent to that of the standard.
In the nemory delay matchlng condltlon, the c1rcle of black
construction paper concealing the standard was removed by
.the . experimenter and then replaced after‘ 5 secs. of
exposure to the stinulus.' A 10 sec. 'interval elapsed and:
vas followed by the subject's attempt to reproduce, via the
comparlson stlnulus, the orlentatlon that he/she had seen
~Just 10 secs. earlier. |

' A 5416 minute intersessioo between the 27"nodallty
'conditions provided a rest for the'subject and enabled the
experimenter to rdke necessary apparatus- adjustnents._
Haptic gg___;_on. The black cloth sleeves were placed

over the holes in the curtain and~vooden braking devices.

4
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iefe attached to the axles behind the frames. After placing
his/her hagds through the sleeves in the» simuitaneous
matching condition, the subjecﬁywas'requested to explore the
stahdard stim‘ulus with the appropriate hamnd (i.e.,
appropriate to the condition of response side) and atteampt
to produce simultaneopsly an e%gﬁvdlent oriéntation on the‘
comparison ‘Stim'u.l.lis"l with his/ﬁé{\\other " hand. Before
comnencing ea;h trial in the memory-delay ﬁatching
condition, the subject was asked to place a finéer on the
stimulus rod; this enabled the subject 5 full secs. of
.inspection of orientation. In this way the interval did not
. pass 'Wwith the subject merely locating the rod vand thereby
leaving no time for inspection of its orientation.

With the sound of the alerting. auditory cﬁe,“thg
subject (wifh a specified hand) haptically explored ;thé
standard stihulus for 5 secs.; after a iO'sec. .dé;gy, the
subject endeavored to reprbduce (with his/her o{?eg- hénd)
the éerceiied orientation.

Starting modality uas‘r;ndoiized such that half of the
subjects began this.eXperimeﬁt with the visual condition and
pfoceedéd énﬁo the haptic conditign. For the remaining
subjects the réverse vas traue. |

At pno time .was the su@ject given feedback régafding

his/her performance.
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Experiment II: Cross-modal Study

subjects

The same subjects who' served in Experiment I also
participated in Exberiment II. This ‘experiment took
app;oximate%y 1 1/2_pours and subjetts were aga%n payed- on

an hourly basis.

s . y -

A . 6x2x2 design ﬁagt gmployed, the conditions

régpectively being orientation, -modality, and Tresponse

comparison condition. In this experiment, the modality

conditions vere visual-haptic (VH) and ;haptic-visual (HY) ;
the first modality specified indicates the stimulus
inspectiog mode of the standardbstimulus w%ﬂile the second
indicates the response mode of the comparison stimulus. 1In
the Vﬁ condition, for example; an .orientation would be
inspected | visually and the subject would respond by

haptically adjusting thelbt;mparisonb rod to be at an

equivalent orientation.

Three repeated measures wbre taken of each stimulus

orientation giving a total of 18 trials per modality under

each  response comparison condition. Each of the 18

"orientations were presented in random order with a different

randonmly ordered sequence of 18 orientatiomns being used for

s

each modality by response comparison condition.
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The stimuli and apparatus of this expﬂriment were
identical to those described 1in Experiment ﬁ.‘ In thé
present experiment, however, the rod connected“t;fphe Selsyn
motor was ﬁositioned on the subject's left and the other rod
and frame on his/her right. These positions were maintained
throughout the duration of the experiment. In this manner
visual stimulation and response invariablyeoccurred on the

subject?'s 1left and -hapfic stimulqtion and c‘respoanse on

his/her right.

Procedure

Subjects were introduced to the experiment  and

L

L . .
apparatus in a manner similar to that in the intramodal

study. Speed and accuracy were again emphasized. Half of
the subjects  began the experiment in the VH modality

condition® and proceeded onto the HV condition. For the

remaining half of the subjects the converse was true.

Viéhal-hapt;g ggngition. In the simultaneous matching
condition subjects visually obsefved the standard stimulus
and simultaneously s;rived to reproducecié<£;§;ically. In
the memory-deiay matching coﬁdition there were 5 secs.
exposure to the visual stimulus followed by a.10'sec.
interval. Subjects were th-" required to haptically -

reproduce the orientation just seen. , :

Haptic-visual cCondition. In the sjimultaneous natching/

condition the standard stihulus wvas explored ﬂhptically with

the right hand and a visual reproduction was attempted using

-
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the remote <control unit. In the nemory-delay matching
condition there was again a 5 sec. period’ for haptic
exploration of the standard followed by a 10 sec.- interval.
Subjécts then attempted to reproduce the ﬁaptic stimulus
orientation in the visual modality Hy operating the remote

control unit.
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Rgsults_

Subjects?! reproduced orientations were recorded to' the
nearest half degree. A preliminary statistical énalysis was
undertaken to test for a pbssible order effect between
Experiment i and Experiment fI (the order of the experiménts
vas balanced across subjects).‘ Results of this /ynalySis
provided support for the consideration of ’these 2
experiments as independent étudies.”

A second preliminary analysis compare absolute mean
erfors of rep;oduced orientatiéns with medn err 5 based on
both ovef-_ and under . e;ti-ation‘ Of the reproduced
opientations {i.e., the sign of direction of error was taken
“into consideration). When direction of error ygs
considered, overall néan errors of -1.129. and' -0.05° ueré
obtained for the intranodai and cross-modal'experiments
respectively. On the other hénd, absolute mean errors for
the intra- amnd cross-modal conditions ueré 4.819 and 5.040,
respectively. The dini;ished error »uheq‘.direction, i.e.,
over- oOr underestima;ion,' is' considered arises from a
cancellation effect which occurs when averaging across
fespdnse 'erroré of opposite sign. Absolut nean‘error;'
however, reflects the magnitude of error régardless of sign
or directién.‘ As the primary concern of the present
.expérinents is with the accuracy of - orientét&on
reproduction, all sdbsequent data anaiyées ‘are based on

absolute mean errors.



Experiment I: Intramodal Study ;.

7. .

A summary of the results of this experiment is.depicted
by Figure 1 which iliustrates thé functional'relafionshi; of
the absoldte mean errors of the'reﬁroduced orientations for
each condition of respdnse .comparison by modality. A2
(response Side: right, 1left) by 2 (response comparison
condition: simultaneous matching, memory-delay matching) by
2 (modality:‘}isual, haptic) by 6 (orieﬁta;ion: 0°,' 4509,
960, 1359, 225o r 315°) r-2pzated measures ANOVA vwas
performed on the absolute mean errors of . subjects?
reproduceqkﬂgrientations (See Table  1). To .§ssess the
"significance of the differencé betweén specific treatment

conditions, Duncan's new -multiple range test was 4also

employed to provide separate comparisons of - all treatment

means. g - {

Signjficapt Main Effects v
T~ : _ _

The _. orientatgon main effect proved to be- highly

- significant 13(5,2160) = 64.53; p<§§1) and wvas largely’ the
' result of = horizontal and verf?cal orientafions being
rep;oducéd reliably more accuéately (pX.01) than all oblique
orientations. ;Thé visual and haptic lodélities were also
found to differ reliably&(g(i,2160) = 58.98, p<.01). irrors
of the haptic modality were‘grea;er'than tvo times those of
the visual lodalit; (mean errors vwvere 6.53° and 3.099,
respectively).r : |

Error changes over trials (repeated trials factor),
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response side and, more important, the response comparison

condition all failed to reach significance;

-3

Significapt Iptegactions
Significant 2 factor interactions included orientation

by noqaliﬁy and modality by response comparison condition

(E(5,2160) = 6.98, p<.01;F(5,2160) = 6.70, p<.01,

respectively).

Significant interactions were also obtained between
repeated trials and orientation (F(10,2160) = 5.38, p<.01)

and among repeated trials by orientation ’by noqélity
(F(10,2160) = 4.55, p<.01). Response side, 'although
nonsignifican; as a main effect; did reach significance in
interaction with orientation }g(5,2160) = 8.25, 3:701) and
also in interaction with modality and response compafison
condition (ﬁ(1,2160{ = 5.99, p<.05). One significant 4-way
inferaction, orientation by modality by response side 'by\

3

respohse comparison condition, was obtained (2(5;2160) =--

¥

3.52, p<;01);a All of these higher order interactions,

howevef,- lacked systematic ﬁa%terns of differences and thus

are essentially uninterpretable.
— :

-~
Experiment II: Cross-modal Study
, N ~
Analyses performed og the .intramodal data were also
repeated for the cross-modal expéri-ent. A.2 (modatity:

3 .
visual-haptic, haptic-visual) by 2 (response comparison

coﬂdition; simultaneous matching, memory-delay matching) by
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6 (oriéntatio : 09, 459, 90°, 1350, 2259, 3159) repeated
measures ANOVA wvas applied to the absolute mean errors of
subjects? feprbduced orientations (see Table 2). Similarly,
Duncan's nev multiple range test was employed to provide
' separate copparisons of all treatment means.

-

Signifiéant Main Effects

) ) .
An illustrated summary of the ANOVA results is depicted

in Figure 2. Orientation, modality, and response coiparison

c?ndition all resu;ied in 'significant N main effects
(E(5,1080) = 7.44, p<.01;-g(1,1080) = 5.36,;p<.05; F(1,1080)
= 28.57, p<.01; respectively). Again, horizonpal~vert@cal
and -oblique orientations, with cell means of 3.42° and 5.86°
respectively, Hé:e found to differ 'reliably (p<.01). 'Thg
différeﬁce \bétween the cell means of tﬁe visual-hapti¢ and
héptic—&isual"modalities,l 5.029 and ‘;.OT° reépegtively,
althoug!:  extremely small - were, nonétheléss, significantly
different. Subjecté also performed réliabiy mOore accurately
in the memory-delay matching rather than the simultaneous
matching condition (ceii means were 4.33° and 5.769°,

3

respectively).

significapt Interactions
Only one significant 2 factor interaction was obtained,

orientation by response comparison condition (:(5,1080) =

2.36, .p<.05). FPigure 2 illustrates this relationship;

aieragiﬂ@ over modality conditions, the - memory-delay

nafching condition was reliably more accurate (p<.05) than

S



‘the simultaneous matching condition at 0°, 459, 90° and 315°

but significantly less accurate at 1359 and 2259,

;\0’ . -

. . i 22
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* : . Discussion

The present 2 experlnents vefe designed to examine the
"oblique'’ effectﬁ vlthln (VV, HH) and across (VH, HV) visual
and haptic modalities. Also of interest to¥ this research
vas the effect of sihuitaneous VS. successive stimulus
matching on the magnitude of the "oblique effect", Three
predictions vere made: (1) the "oblique effect" would occur
across as well as within the visual and bhaptic .modqlltles,
(2). thé visual modality would be most accurate in stimulus
orientatiop rep;oduction, and (3) the‘simultaneous matching
condition :;§uld pfoduce superior performance ih " both
nodaiities. '~ The obtained datd; howevér) | although in
agreelent vith the flést tvo predictio;s uerel not
conlensurate with the last predlctlon. '

¢ 3

Experiment I: Intrénodal Study

Results showed that both modality and stimulus
b:{fntation significantly affecfed subjects? :ability to
reproduce stimuli In the selected orlentatlons. 'Generally,‘
the data trends of,51gn;f1cant main effects in intramodal
conditions show that: (1) when a#eraging across modalities,
respbnse;cblparisdn conditions, and responsé sides, reliable
orientation asymmetries aré ' optained. Spetifically,
' vertically and horizontally repioduced orientaiioﬁs vere
reliably more accurate_than'vere Subjects! :epréductions of

oblique -orientations; i.e., the *"oblique effectn vas
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obtained,’ and (2) wvhen averaging - across orientations,

response comparison conditions, and response sides, mean
érror ~discrepancies qbtained between the visual and haptic
modalities are significantly different. | In particular,
haptic mean ' errors were -mrore than twice the size of the
visual mean errors.

‘Figure‘1 illustrates the lack of a response comparison
main effect. The response comparison conaitions differed
little at ’hbrizontal’vertical orientations;‘ however, at
oblique orientatiqns.the order of accuracy of.éhe 2 ténporal
~ conditions in the visunal nodaiiiy is the reverse of that
obtained for the haptic modality. 1In the visualA modality,
superiorr orienfztional reproductions vére produced in the
simhltaneous matcﬁing‘conditon wvhile greater accuracy was
obtained by the ﬁaptic nodality in the memory-delay métching
condition. The '2 temporal «conditions .thus appear to be
modality specifié in térns of their gffects.

Both of the significahf main effects vare_ consistent
" with initial predictions as well - as -with related
experimental and theorétical ‘work.: .uany mof the results
obtained in fhis‘experilent generally confirm those obtained
by Lechelt et al. (1976) in a similar intrambdal studj
examining visual.and'héptiéiorientatioh reproducfion., ' The
presence of 'thé "obliqué effect" in the visual and haptic
modalities, reported bf‘Lechelf et al., is supported by the
data- collected here;  i.e., vertical and horizontal
orieﬁﬁatioﬁs wvere produced reliably more accurately than any

of the ‘remaining @ oblique  stimulus orientations (see



FPigure 1) .

‘ ﬁeurdphysiologicai evidence of the visdal *obligue
effect" has been provided by Levanthal and Hirsch (1975) who
recently reported that "neurons in the ‘visual cortex thaf
respond preferentially to diagonal contours are preséﬁf7Qply
in cats exposed to diagonal ‘lines early' in 1ife".“~&his
poétioﬁ is further corroborated with -additional research
evidence by Mansfield (1974) who showed 'that postnatal
visual exéerience appears‘to determine the developgent of
different populations of brientationfspécif;ﬁ neurohaI:%hlls
as nanifeéted'-'in measures of visual a ity.-~ These

experiments, commensurate with that of Annis ., ;i st (1973)

vho posit a tuning of orientation specific det~cto:s by the!

early visual ehvironmeﬁt, suggest that bpth“ neuro;ogical.
factors and experience are in#olved in wvisual s‘iweulus
orientation perception.

Neurological explanations of thé "obligue effectn in‘_
the haptic modality are much moie speculative. Hall"(1970)
noted the importance of the dorsal columns which initi;te'
and program :lotor movements necessary in ‘actiQe haptic
Eexploratidn (i.e., vseguential analysis) for successful
diScrininitioq) among ‘stimuli. An additibnal roletbfathe
.dorsal column, observed by Basbaum S ﬁand {1973), 1is the
sensory-motor integration of information resulting frén
héptic stimulus exploration. On the basis of theée studies,
Lechelt et al. (1976) suggest that haptic orientatioﬁ
analfsis is a functibnv of ."differential neurological

sensitivity to patterns of haptic ihput varying in tactile-

14
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proprioceptive conpositicn and resulting ‘ffom haptic
exploration éf stimuli in different spatial orientations,"
Fron_an‘experiential point of view, the fact that the haptic
aesthetics of.rectangnlar foin are perceived differentinlly
Aby congenitally blind and blindfolden’sighted' subjects

iHintz & Nelson, 1971) suggests haptic perceptual awareness

and discriwination are influenced by -differential haptici

experiences._ Thus'at‘least sone_hnptic discriminations.also
appear to‘be a function of both eiperiential ang endogenous
 factors. - |
Equall%Dapparent as the obtained' "oblique ‘effect" is
the ‘reliable difference between the 2 nodalities {see Figure
1. Although identical etinuli and stinulns arrangements
were employed“in both ncdalifies, the*’differences in  mean

errors of the 2 modalities suggest a discrepancy in their

phenomenal worlds (Cutsforth, 1951) . Revesz (1950) suggests:

the haptic perceptual to function in terms of f"successive
: percepiion".l A total and,veridical_haptic perception of an

‘object cannot - be ’ obtnined instantaneously. " "Haptic
perceptibn of a Hhcle Aforn binvolves “taking- a nunber‘,of
samples over time; vision in icontrnst, takes 1in mg;e
information per unit time Q.objects' exist. relatively more

simulfaneously for vision. It is'prilérily the successive

nafnre of haptic imformation pickup that makes it - less

1. Sculptural creativity of thé blind provides evidence
- suggesting haptic production also is based n this sane
principle. Revesz (1950) demopstrates that the process of
modelling by blind students is such "that the sculptural
parts are modelled separately and independently of each

other." ‘ o

28
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accurate in its perception of objects.

This differential sensitivity betveen the 2 modalities
has also been specified by Lederman & Taylor (i969) in terms
of S. S. Stevens' 'psychophysical pover function.  These
authors show that the exponent of the power function is
larger for touch distance than for visual distanceﬁ i.e.,
vdistance perceived tact ally 1ncreases faster as a function
of physical distance than does distance perce1Ved visually.'
Their touch exponent ranges from 1.1 to 1.3 vwhereas the.
.visual is approximately 1.0. A second observation made by
these authors is that constant errors of touch interpolation
‘of angles are consistently larger than those of vision. The .
constant errors of touch were,  in fact, about twice as large
as the visual errors. - The 51n11ar direction of errons
between the 2 modalltles $is consistent with the results
obtained in the present study;

- The significance of the main effects must be examined
in view of the obtained' siguificant interactions. The
orientation by modality interaction indicates reliable 
éifferencesbbetween the " visuali aud haptic modalities "in
terms of their-abilities to reproduce the different stimulus
orientations. - \Aberaging across - response comparison‘
~ conditions and_response sides; mean errors of reproduced
orientations "ranged from 1.55° to‘4.84° and from 3.349 to
8.539 for the visual and haptic modalities, resbectively.
Vvision was most accurate at 90° and least accurate at 225°
whlle the correspondlng orlentatlons for the haptlc nodallty

were 0° and 1359, respectively.
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Examination of the response comparison“ by modality
interaction in terms ,of- stimulus - orientations is
particularly rélevantt Despite the nonsignificance of the
response comparison'nain effect, its significant interaction
'vith’ modality nevertheless indicates that the response
érrogs of the modalities differ as a xf_unctioh of the
temporal condition. °‘The response comparison conditions had
substantiai but opposite effects in the 2 modalities. While
visual performance wvas superior_in the simultaheous matching
~condition (mean osimultaneous and  memory-delay matching
erro#s were 2.889 and 3.300; respectively); éreater acéuracy
was ‘obtained by the haptic modality in the memory-deiay
‘ﬁatching conditon (mean simulfaheous and . memory-delay
matching errors were 6.77° and 6.29°, respectivgly).
WInteresting -compArisons may ' be made between these
results and those of Lechelt et al. (1976) who ehployed a

purely' menoric  rather than a. memory-delay matching

condition. At horizontal-vertical orientations Lechelt et

al.'s subjects performed more accurately in the nemory.

condition of both modalities; at'obliqhe ofientations, the
simultaneous matching condition was generally most sﬁperior.
Averaging. over oriéntation (and aLSb ovérjrespoﬁﬁe'side in
the present study), the‘ résults 6f the 2 studies aré
~.congruent - performance was betéér for-the'simulténébus
(ﬁatching‘condition of the visual nodaiitf»and f&r the henofy
demand qondition of‘the haptic modality. -Thié result 1is
inconsistent with those obtained in studies of form matching

fasksﬂ(uilner & Brjant, 1970; Rudel & Teuber, 1971; Goodnow,

©

T,
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1971a: Rose, Blank & Bridger, 1972; Abravanel, 1973) in
which delay was reported to interfer more with tactual
functions than with visual thereby suggesting that form

A : A
perception is easier in visﬂqn t+han in touch (Lobb, 1968} . .

The results of this experiment and that of Lechelt et
al. (1976) .suggest a possible distinction between haptic
and visual modalities in terms of an internal versus an
"external representation of stimuius orientatien. Perceptual
systems 1in young children are governed by their dependence
lhon external freneuorks; however, with increasing _perceptuel
'experience as a function of agéfz—;; adults external
'refe:ents can become internalized ‘to form an internal
perceptual referent dt framework (Bryant, 197&),‘ Modalities
would elso seem to differ in the extent to which they
reflect an internal or an externel dependency. Visual
perception, which occurs relatifelyfsinultaneously, appeers
to‘rely on immediatelimbbservqble cues, 1i.e., an external_
framework.‘ The haptic modality, in which perception is
successive, appears to‘rely en an internal framework; the
internal frameuotk, howWever, veuldlbe based on visual spaee
in that haptic'perception df“a perticnlar stimuius attribute -
widl result in that 'attribnte being "processed"®  with
/;eference to an internalized visuel framework. Haptic‘
response; therefore, night“ reflect a. reference to. this
internal franeuork (Bryant, 1974) . Based on the tesults'of‘
‘the‘present study, it'appears that tne subjects! internal
franeworks afe lac-ing veridicality in regard tojvisual

space; hence greater accurecyl is obtained by the visual

3y
N
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modality in stimulus orientation reproduction wpich reflects
a dJreater dependency on an external'perceptuq} ffanework,
Response accuracy is dininished in the haptic modality which
aléo intihates a possible internalization of visual space to
which subjects are responding rather than making a responée
to the" direct stimulus attributes. In the simultaneous
matching cohdition, the haptic Bodality has an additiornal
handicap due to the interference of reafferent. information
with the continuous incoming stream of new information
obtained as the hand slides along the stimulus rod. iThe
decr eased accuracy of‘the visual_ﬂodality and the sﬁperior
accuracy of the haptic modality in the memory-delay matching
condition may have resulted from a tendency of the external
framework to Se subject to a ﬁore rapid decéy in meﬁory.
Several subjects of the éresent experiment appeared t6
have felied upon én internal framework in conditions
involving haptic peréeption of stimulus orientation. These
subjects, during the 5 sec. haptic exposure to the standard
stimulus, simply would ‘locate the stimulus rod, dete:mine
its orientation on the frame and then r;&ove their hand fronm
the rod immediétely uéon epquisition°of this information.
The full 5 sec. interval was not employed 1in active
exploration.2 = This preliminary inspectién by these

particular_ subjects may have been merely to determine which

.

2 Upon detection of this tactic, the experimenter would ask
the 'subject to maintaim contact with thé stimulus rod until
the termination of the interval. - Active haptlc exploration
still .was not initiated; the subject s hand or finger would
merely rest on the stimulus rod.
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%
of the 6 orientations was being tested; fine adj ﬁhent when

responding would, therefore, be dependent on refebt@nce of

the internal framework.
Experiment II: cCross-modal Study j

Each of the main effects (modality, oriifigkfon, aL;dO
m\response‘conparison condition) pfoved significant vin the‘
cross-modal- eiperinent. An  examination of mean errors is
particularly useful in sgllarizing the results and comparing
the magnitude of errors of the various c¢onditions. Pigure
2, illustrating the obtained effects, shows that: (1) a
reliable "oblique effect® 'occurred when averaging acfoss
modality and response: dblparison conditions: the ;ean
' horizontal-vertical errors were feliably leés than average
.errors in oblique reproductions (cell means were 3.42° and
5.86°,/£espectively), (2) vhen averaging across orientation
and modality, orientation reproduction was reiiably moré
accurate in the memory-delay matching condition tﬁan the
siiultaneous matching condition (mean errors were 4,339 and
5.769, respectively), (3) the VH .nodality condition was
reliably more accuréte; than the HV condition (mean errors
vere 5.02°9 and 5.07°, reépebtively), and (4) orientation was
;nét independent of response. conparison' conditions when
'E;Eiaggd over modality; for all‘orientétions'exgepting,1350
and 2258,‘greatet accuracj vas obtained by the neuory-;élay
matching condition (p<.b5). | A

.0f greatest significance to the present study is the
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demonstration of tﬁe "oblique effectw in the. VH and HV
_nodality‘ condifions (p<.05) (note, \hovevex, that the 90°
orientation did not differ reliably from the 3159
orientation in the VH modality). The = presence of the
"oblique ei.ect™ in cross-modal tests suggests it to be a

very Trobust phencmenon. Although evidence of the extent to

which endogenous factors are responsible for cross-modal

oried{;£ional anisotropies has yet to‘ be specified, the
réported results suggest a conneéiipn between the 2
intramodal systems. In »fact, ﬁeurophysiological evidence
‘for cross-modal processing has been recently uncovered.

" petrides and Iversen (1975) glaim to have located the
process of\cross-lodal mnatching in the primate prefrontal
cortex. Aﬁatomical (Pandya & Kuypers, 1969; Jones & Powell,
1970) and physiological (Albe-Fessard & Besson, 1973)
evidence suggest that the arcuate cortex wmay play an
iiportant role in wmulti-modal tasks, Petrides & Iversen
noted an impairment in the ability of monkeYs to make cross-
modal matches when lesions were made jip the arcuate suicus.

These authors suggest poor qross-modal performance as: (1)
the result,/ of imperfect integration of infermation, or (2)
tge inablilty to use the multi-modal jinformation in order to
_execute én;appropriate fespénse. Fron.an'experienti&l point
:of view, Bryant (1969), noting the difficulty of children in
distinguishingdopposite obliques (an appa;ently easy task
for adults) concludes that the reported igsrove-ent vith age
~in cross-modal performance occurs as% a result of a

corresponding  improvement  in discriminating - within
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snodalities.}"’&his “inproiement may be attributed to the
development of internal frameworks . (Bryant, 1974) .
Together, the above exg;anafions support Annis & Prost's
proposal for the tuning of orientation-specific heuronal
detectbrs by an 'ecolégical environment. . It would seen,
theﬁ, that devefopnent of the cross-modal systea would
entail at least a 2 stage process: (1) early tuning of the
individual visdal and haptic orientatiOp-spgcific neutonal 
detectors nmust first occur in 6}der for (2) arcross-modal
neurophysiological'connection to develop. |
Despite the small mean error éifference, the VH and HV
modality conditions were’ found to differ reliably. This
result is consistent with that of previous h fesearch
confirming the variability in accuracy of the 2 cross-modal
sequences. Thé,ésynﬁetr‘~s in transference errors betveen
VH and HV tfansfeg?for form matching have been suégested b-
Lobb (1968) to.be due tb' poorer ledrning in the tact&a;
modality. In terms of the présent expériment with the
haptic sténdard in the HYV seqqenée,. if 1little "learning"
occurs about the ‘standard stiluius, then only as iucﬁ
information as was "learned™ 'could be transferred}-‘ This
explanation vouid also account, in parﬁ, for‘ the poor
performancq of the HH modality condition in that ii£tle
"learning" about }he standard would tend to .prevenY accurate

reproductions of stimulus orientation.

Two theories of cross-modal matching have been

- proposed. Goodnow (1971) postulates an added demand of the

_transformation of original information about the standard

<
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stimulus sb‘that-it can be matched with input about the
comparison stimulus conipg from the other modality. She
also proéoses that ﬁhe memory demand in. cross-modal
conditions Ray prevent a sufficient amount of haptic input
obtainéd from the brief exposure to the standard from being.
trahsformed. (It is- important to recall that Goodnow héd
obtained results in which "memory demands imposed by time or
interference Appear as limited to information gathered by
hand") . Aighough her initial preiise.is not invgzidated by
the present data, her final proposition ié“inﬁbnsisteni with
results 6btained here uhefe henory demands produced superior
acéhracf for both (VH, HV) crOSquodal conditioﬁs. ‘

A second theory is posifed by GibSon. (1969) in which
she contends that active exploration (visual éqd @aptic)
does poﬁ'neCessarily produce coamunication between ‘the"2
seﬂses. she further suggests that as a result of aét}ve
expldration distinctive features of an objéct are iéo%ﬁied
by each sénse.nodality'each of which must perceijg the same
distinctive features for successful cross-modal nét&hing;ﬁ
In‘ a test of éreschool 'children. Jesson & kaess (197
‘obtainedbfesults7sdpportin§ this idea of nihilal.crbss-nqq 1l -
feedback- communication betueenxtheivisual and héptic senses. .
The present findings are.alsd supportive of this position.

Comparing the results of the 2 experiments in" the
'  present study, absolute nean,eriors'of modality in asceﬁdiné
order vefe 3 o, 5.029, 5.07° and 6.53° for the respectivéi
VvV, VH, HV and HH modality conditions. 1In cqngruénce vith‘

the results of previous stndies' (Hilne: & Bryant, 1970}
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Rudel & Teuber, 1971; Abravanel,‘ 1972; Rose, Blank [
Bfidger, 1972), those of the pfefint»thesis indicate that '
cross-modal na£ches (VH, HV) are intermediate in diffigu;ty
betueen‘that of their conponehts' intrandda; 1eve;$A(vv, HH)
or as difficult as the most diﬁfiéult vintranodal
combination.

'Extending the comparison of the .preéént 2 sfudies,s
sei%éal différences'may be noted: (1) the overall mean error
Qf éle Crpss-nodal experiment, 5.046, was only élightlf
‘larger tﬁan that of the intramodal expeziment, 4.8i°; (2)
the response comparison main effect obtained significance in
the cross-modal but notvthe,igframodal study in which the 2
temporal c%pditions were modality specific; .‘and ,(3f
comparisons of modality é%nditionslacross both experiments
show that accuracy was greatest in thé mén&ry-delay natghing
condition for all (VH, HV, HH) -but the ‘vv mddélity
c;hdition. | |

The - supefiotity | of performance 1in memory demand
condi£ions is sogeuhat inconsistént‘with the results of all’
previous research. It may be that memory ﬁdéﬁind" might
weli be a misnomer and that the incréase in acquracy> with
delay intimates,the necessi;y of a"stilulation—free'intefv;l
pernittihg cross-modal -transfer free of inferference of
reafferent inforlation ‘with continuous inflowing " new
information. A’ brief peréeption of orientation may be ail
that is requiréd for accurate reproductibn; a sti-ulation-

free interval following ‘would then permit efficient and

accurate processing of this information for response
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purposes. It may be that interference in teras of
perceptual-response feedback Tesults in inefficient
transfer; i.e., a Systen overload reduces accuracy. This
proposition, however, is contrary to ‘the expectation that
continual access to the standard sfiqulus throughout the
trial (Simultaneous matching condition) favors corrective
responses on the comparison stimulus.

The dlrectlon of future ‘rLesearch toward a AOre complete
1nvest1gatlon of temporal effects on orlentatlon perceptldg/,“ E
may prov1de ev1dence tovard a more deflnltlve explanation of
the obtained superior performance under conditions of memory
for VH, HV and HH nodality conditions. .The present research
B3y also be extended to chlldren in order to determine the
effec€;w~of.\ge!elopment on stimulus orlentation percebtion
and tolprovide further insight concernlng endogenous and

N
exper1ent1al factors in orientation perception.

-
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Repeated Measures Analysis of Variance Results

‘}‘

Table 1

for Experiment I: Intramodal Study. -

37

-

Source - 8§ df MS F
Repeated measures 18.15 2 9.07 0.39
factor (R)
Orientation (O) 5067 .20 5 " 1013.44 64,53%%
Modality (M) 6828 .61 1 6828.61 58.98%*=*
Response compar®son s 0.46 1 0.46  0.03
condition (T) :
Response side (H) 1.11 1 1. 11 0.04
Rx0 : 131.59 10 13.16 S5S.38%%
RxM 55.69 2 - 27.84 0.74
ox¥ - s 684.63 5 136.93 6.98%x%
~RxT ~ 47.11 -, 2 23.56 1.36
~OxT 78.52 5 15.70 0.91
MxT 115.78 1 115.78 6.70%*
RxH - 0.97 2 0.49 0.02
OxH 445,83 5 89.17 B8.25%%
MxH . 25.10 1 25.10 0.24
TxH 26,16 1 26,16 1. 51
RxOxHM 182.82 10 18.28 4.55%*
Rx0OxT 24.46 10 2.45 0.14
" RxMxT' 75.51 . 2 37.76 2.18
OxMxT 98.11 5 19.62 1.13°
RxOxH 108.90 10 10.89 1. 39
RxMxH 17.63 2 8.82 2.13
. OxMxH 147.08 5 29.42 0.48
RxTxH 54,60 2 -27.30, 1.58
OXTxH 54.06 5 10.81 0.63 "
 MxTxH 103.57 1 103.57 5.99*
RXOxMxT 40.16 - 10 . 4,02 0.23
RxOxMxH 123.48 10 12.35 1.52
RxOxTxH 78,17 10 7.82 0.45
.RxMxTxH 8.28 2 4.4 0.24
OxMxTxH 304,61 5 60,92 3.52%%
- RxOxMxTxH- '81.08 10 . 8. 11 0.47
S (ROMTH) 37344.63 2160 17.29 :
* PO

*% p<.01
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Table 2

Repeated Measures Analysis of Variance Results
for Experiment II: Cross-modal Study.

—— -

Source SS daf - NS F
Repeated measures ' 16.56 2 8.28 °  1.43
factor ¢R) v . '
Orientation (0) 1801.34 5 360.27 T dyxx
Modality (M) ¥\1 0.97 1 0.97 S5.36%
Response comparison 588.67 1 588.67 = 28.67*%x%
condition (T) . - '
Rx0 Y 103.23 10 10.32 0.99
RxM o AN - 20.94 2 10.47 0.57
OxM ) S 40.77 5. 8.15 - .0.71
RxT . v 11.57 2 5.79 0.28
0xT ' S 242,10 5 48.42 2.36%
MxT . 0.18 1 0.18 0.01
RxOxHM $103.28 10 10.33 0.80
‘Rx0xT 104.21 10 10.42 - 0.51

- RxMxT " .36.92 2 18.46 0.90
OxMxT 57.59 5 11.52 0.56

RxOXMxT ’ 129,62 10 12.96 0.63
.S (ROMT) ~ 22175.09 - 1080 20.53 :

*  p<.05 | R N
** p<.01 , o v

_ , D , \ w
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Appendix
Instructions

Set A

The following instructiols were read to those subjects who

began with Experiment I followed by Experiment II.

.Experi;ent I: Intramoda1’5tudy

Pirst of all let me welcome yod to the exﬁerimeni. It
is a follou—up of an experiment cgnducted by Dgctor Lechelt
last year for .the determination of ‘perceptual accﬂracy of
the average ~individual. . The experiment vill} last
approximately 2 1/2 hours; wve hope you will find it
interesiing aand perhaps enjoyable. I would like to assure
you, however, that we are not +trying to assess how
"different™ 'you are " from others. On the contrary - we do
not Pave a standard of comparison as yet. Your honest
eff;it in  this experiment apd‘fhat of other students will
help us .determine one. This standard may then _be used by
othet researchers for further exploration of human
abilities.

Last year we conducted d&n experiment in which¥ we had

students reproduce’ an oriertation by either vision or touch.

In the current experimert you will be doing the same. 1In

- ‘ . ,
those trials involving touch you will feel a rod at a

particular orientation for 5 seconds; a 10 second interval.

viil follow. TYour task is to reproduce, withkthe alternatg
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rod in front of you, the orientation that you had seen just
10 seconds earlier. As you can see both rods and frames are

essentially identical. As an example of your task; if you

feel an orientation for 5 secoMNs vith your right hand, you ..

‘would (after the 10 sepond interval) produce the same
orientation with your lerft hand. There uill, howvever, be
other tinés vhen you will feel the rod =-on your left ahd
attempt to geproduce-its orientation on your right.‘ Before
each of these trials involving the use of your - memory, I
will ask you to first locate the rod with your finger‘éuch
that the full five ‘seconds can be wused to explore itg
orientation. In this‘vay'no time will be wastéd in ﬁerely
trying to locate the rod. There will be no time limit vhé§
you are reﬁrddhcing the orientétion:ﬂ Now, Vhf don't you put
<one~{of‘your hands through the sleeve in order that you will
know what to expect when the ~experiment ’begins. I would
like you to note that to get the maximum amount of
information about the orientation it 1s«suggested that ‘you

. run the rod between your thumb and forefinger. Try it.

Good.

Now tﬁere viil be'other times when you“ will be usiﬁg‘
your sén§e of vision, On these trials I viil, for exapble,
expose to you an orientation on your right for - econds; a
50 sécond interval vill'follou.subsequent to w. .n }ou Uill
atteipt to make a.réproduction on your left using the remote
control unit vhich is resting on your lap. This unit allows
both - ci wrdé and forvards motion of the fod. Trf the unit

ané sec< : it works.

N
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Good.

Again the order will change sQoh that in some cases you
will see a rod on your right and reproduce it on your left
and at other times you will look at the rod on your left’ and
reproduce it on your right. The beginning ﬁnd ending of

each interval will be marked by a loud "click® which - sounds

like this .... The various stages of each trial will also

be verbally announced by myself,

In another part of this experiment you willlbe working
with both rods sinultaneously. For example, if you are
using your sense of touch, you will. feel ie.particular
orientation with one hand and simultaneously attempt to
replicate it with jour other hand. Both hends will be
iorking at the same tine. For trialé involving the
enploynent of wvision, noth boards will be €xposed. A

particular orientation will be set on one board and you wlll

attempt to match thls orlentatlon on the other boarad using

~the remote control umit.,

" Although you will not be timed as you produce the

appropriate orientation, please try and be as qulck ipd as

accurate as p0551ble in making your response.

I am awvare thls experiment may sound difficult and.

complex, but to enable You to become familiar with the

~procedure, I shall guide you through it,

Experiment II: Cross-modal study

I would like to welco-e you to the second part of this

experiment, It will be similar to the first part with one



exception: in the lasf part of the experinent you - worked
wi;hin your senses, i.e., you worked from vision to vision
and iouch to touch; in this'part of the experiment you uill
"work across your senses, i.e., from vision to touch and ﬁrog
touch to vision. 1In some cases you vill see or feel a‘rod
at a patticulaf crientation' for 5 seconds; a 10 sechd
1nterval will follow. After .fhe 10 seconds yoﬁ uill,be
asked to reproduce the same crientation by the elternate
sense. - For example, if you observe (i.e., using your semnse
of sight) an orientation for 5 seconds,'after the 10 second
- interval you will reproduce the same orlentatlon by your
sense of touch. In these trials you will be relying on your
memory.
g There will also be other trials feguiring you to use
~ both your senses SLnultaneoucly. .In sone cases you will see
one orientatlon‘ and,-uhlle looking at it, try to reptoduce
the same orientation by touch. The reverse will also occur
'+« you will feel one orientation and, at the same time, try
to reproduce itfvisually.g Although you will not be timed as
you produée the appropriate‘orieqtaiion,'we do ask ;ou to be
as quick -and. as accurate ,asd poésible in making your
respeﬁse. _ \ |

A small reminder - to get the naxinﬁi anounq_of;
information about the orientation with your sense of touch,-
jt is suggested that you run the rod betveen your thumb -and
forefinger. | | -

pon't pamic - once again I shall guide you thrOngh'»the

experiment.
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Set B
This set of instructions was read to those subjects who

began with Experiment I followed by Experiment I.

'Experimeht II: Cross-modal Study

First of all letAne velcose you the the experiment., It
is a follow-up of an‘experiment conducted by boctor Lechelt
last year for the deterninatibn of‘percéptual accuracy of
the average individual. The experiment will lést
approximately "1 1,/2 hours. We hope youv will find it
interestihg and perhaps enjoyablé. I voﬁld like to ' assure
ydu, however, that we are not trying to 'assess how
"differentn on are from others. On the contrary -« we do.
not have a standard of'co-parison as yet; ybur honest effort
in this experiment, and that of other students, Hlfl help us-
determine one. This standard. may ‘then be used by other
researchers for further exﬁloration of huhan abilitiés.

Last year we conducted an experlnent in which ve had
students reproduce an orlentatlon by elther vision or,touch.
In the present experilept' you will bevusing both senses
togethet; AIn some cases you will see or feel .one rod‘ at a
,patticular orientation for 5 seéonds;“a 10 second interval
wvill follow. After the 10 seconds you will be asked to
reproduce the same orientation with your alterpste sense via
the other rod. As you can see bqth rods and'franes are
essentially identical. If you observe, for eianpie, ;n
orientation .for 5 seconds, after the 10 second intetVali

follovwing you will produce the same orientation ~'hy your
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,('

: \
sense of touch. You would put your handVin the sleeve

directly in front of you and to your right and l;nually ;qve
the rod. For those trials in which you will be- going from
touch to visionm, I will first ask you to.lbcaﬁe the rod.with
'a finger onryohr right hand such that you will have 5 full
seconds of exploration. In this way no time will be wasted
in merely +trying to locate the rod.v ﬁhen réprodﬁcing the
orientation vi\pally you will usevtﬁe remote ' control unit
resting on your 1lap. This unit allows both backwards and
forwards motion.

There is no time limit when you are reproducing‘ the
o;ienfation. Now, why don't you put your’hand inltpe sleeve’
and feel the rod behind%juSt so yod will know what to expect
 when the expe;ihent bégius. I would like you to note that
to. get the . magimun amount of inforlafion about . “the
orientation we suggest 'you run the rod between your~thu;b
and forefinger. Now +try the remote contfol ﬁnit " to
familiarize yourself with it. Good. »

" In these lelory conditiohs the beginning and ending 6f'
each iniérvaliwill bg'marked,by a loud "click" which sounds
; . :
like this .... The various stages of each trial will also
be verbally amnounced by myself.

Now in another part of_fhé éiperinent you will also be
alterﬁating from touch ;o_visipn or visibn to toucp with one
difference. .This time you will see-dne-orientation and
'\ihile looking at it try td-reproduce‘the same priéqtation by
kéuch. The reverse will also occur - - jou' vill feel one
%r;enfation and at thé sane_ time try to reproduce it
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vusually. Both senses will be operating simultaneously in
this part of the experiment.

Although you uilll not be timed as you’produce the
appropriate orientation we do ask_yoq to Ee as quick and as
accurate as possible in making your response.

I am aware this experiment 'may sound difficﬁlt and
complex. but to enable you “to beébne familiar with the

|

procedure, I shall’guide you through the first few trials. #

Experiment I: Intramodal Study

I, would like to welcome you to the second part of this
experimént- It will be similar to the first part with oné~
v excep£ion£ in. the last part of this experilent‘you uorkéd.
écross'your sgﬁsés, i.e., you worked ffonb vision to touch
and from touch to vision; in this pdrt of the experinent you
will  work within your senSes,li;e., ffom touch to touch and
vision to viéion. In some cases you will see or feel a rod
at aftpartichiar orientation for S' beCOnds; ;_10 second
‘interval-vill follow. After‘fhé 10 seconds you will  be
asked to reproduce ‘the- orientation using the sané sense
modality. Fd:'exanple{.if yoﬁ obéérve. {i.e., using‘ your
sense. of sight) an orieqfation for 5 seconds, after the jb
second ‘interval you.uill reproduce—(via tﬁe alternate rod)
the_,sane orientation also sy sight. Ybur‘résponse will be
made by nanipulatipn_df the}renbte'controi‘gnit' resting om
your - lap. . In these - trials yod wvill be relying on your
:nemory. | } |

There will, in addition, be other trials requiring you

[
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to use both your senses simultaneously. |In some cases you

will see one orientation and simultanequsly attempt to
reproduce it jvia the other rod) by l|use of the remote-

control unit. The reverse vill also occur you will feel

one orientation and at the same time

[N

manipulate the other rod to match it. Although you will not

try to manually1
be timed as you produce the appropriate orientation, 'Gg .do
ask you to be as quick and As accurate as possible in making
your response.

A small reminder -~ to gef the maximum amount of
information about the.orientdfion with yourAs nse of touch,
it 1is suggested that you run the rod between your thuamb and
fo:efinger. | |

Don't panic - once again I shall ghidé yoQu thrbugh the

experiment.



