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.‘g'.t . The research—proposed under this orojecrf'souzht. to understand certain
.\j.\ fundamental aspect of visual information oprocessinzg {n the areas of
8 v recognition, exoloration and search behavior. Over the course of the six
e months during ghich work was under taken and the subsequent five months of

’ wind up activity®™rogress was made in the following areas)
AN - S . .
')‘F'\-'h. o ) ) I. Laboratory Reconfiguration:—

P . : .

,}-: T At the conclusion of previous research at HEL it became obvious that
' . . certain equioment modifications would be necessary to continue and expand the
‘0..::‘ ’ research capabilities of the eye movement laboratory facilities. .- During the
- " six months of this contract ASL undertook to upgrade and auzment the eye
. H movement recording equipment at HEL.

Wi

‘-“u,‘ Major projects included the buildinz and installation of a second
.:-.'»_- optical head in a vacant subject chamber, the installation of an extended head
f‘.‘_ ) ) tracking module in the optical head already in place at the laboratory.

n v ’ Each of these projects entailed considerable effort to corract data

collection short comings of the orevious installation. New pedestal mounts

i were sought In order to better stabilize the ootical heads of the data
l".l" ’ acquisition equipment in order to overcome vibration oroblems, all ootical
:l:!‘\: : heads were remounted in such a way as to overcome overheating problems, a new
';"'.:. CCD camera was installed to improve imaring accuracy, consultations were held
's:,‘o" . with optical exverts to explore was to overcome inherent oroblems in
':\‘..:Qﬁ : projectine stimulus material on the screen in the subject chamber and new
BT cabling was laid to connect both optical heads.

e

o MR

‘) LZ I As a consequence of the changes and improvements discussed above and
. T o in light of the orojected arrival of new comoutational equipment for data
q;’\f : : . acquisition and processinz the main data acquisition software had to be
-,."';\:’ : - rewritten. The CAPTURE orozram rewriting in Fortran was comoleted in late
AP . July 1986. Other minor software revisions as well as data processing software
\'."-‘ was written during the time of this contract. “One major effort was devoted to
"‘ﬁ. writing a data acquisition orogram to record and analyze oupil diameter data.—
5‘!}‘, R In conjunction with R. Lambert discussions were held about a desian for a new
o data path from the ASL equipment at the HEL facility to the computer, This

G was under taken to lessen dependence on the white light system hardware for

SN which there was no ongoing supoort., Routing data lines thrournh this equinment

w3 P P I in the past had caused delavs 1in experimentation when this equioment

:,) TEARE IR NI Yt T e experienced breakdowns.

«
II. Data Collection 4 Analysis: Tt

The major experimental effort under taken during this neriod {nvolved
the completion of experiments bezun earlier {n the year on maooine of
recognition rates for various retinal oositions. These experimenta were under
taken to clarify some f3sues that i1rose as a consequence of a model of visual
search we nhad develooed during orevioua research at HEL.

SreT L e e T g WA e

e e P ™ T a Bt aY L, Lt e
. AN T el
‘A."Q l‘:",u.‘.c. ~" .c.n. oy .l!




<

.
o4

o
0

"

pd %

.,
ER RN S A

SRENTSONS

o EATAERR R » i o)

RTINS ¥ TARTER

SRS PLEINETN G AT sk Nt il 28

. . )
A ,{ I . \(’., o L ceesion For ' j
-~ / / ) - -
: NTIS CRA 'J l
PR e s l o7 TAB tJ !
. o y1.0ad

t1 . A m o "‘f . - l u . ST L] ‘

- ‘ | St B -

—m . - e e - —-.—_.-1

‘1 ’z » ¢ ’ i s ;

’ v i ey ...‘

. , AN B B X

1 T 2 - " v A e VP

P Y G T R ORI R

In order to be able to run this experimentation™an entirely new
hardware and software data acquisition environment had to be designed and
built and a new I/0 configuration designed for the PDP 11 computer. This work
was accomolished in March of 1986. Significant new data acquisition software
was written to automite running of this exoeriment, to acquire subject data
and to pre process the data once collected.

Once all necessary design and development work was comoleted we did
pilot testing at the end of March. Data collection bezan in Aoril of 1986 and
completed by early May. At this time we began extensive analysis of the data
we had obtained.

Subsequent months were devoted to the analysis of the retinal maooing
data wnhich presented significant oroblems. Some time was spent in assessing
appropriate analysis models for the data. Problems with the SPSS-X procedure
were encountered at BRL which did not allow us to analyze the data on the
CYBER system. This necessitated oreparing data tapes that could be mounted
and run on a system at Harvard University. During the period when analysis was
taking place were began to incorpvorate the hardware and software changes
spoken of above.

Work on this contract was suspended durinz Ausust. Subsequent time
has been devoted to finishing work on the analysis of data as well as software
documentation. The results of the analysis of this data are incorvorated in
this report in Apvendix A.
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Allocation of Focal Attention Durinz Fixation and the Recosnition of llon
Pre attentively Discriminable texture elements at Yarious Retinal
Eccentricities.

Leonard F.M. Scinto

Princinal Research Psycholoeist
Apolied Science Laboratories
Waltham, Mass

1987

fixating a tarcet but also the

probability of recoanizing the tar~et

1 Introduction: should it fall within the fixation
field. Figure 1 below rgives a concrete

iilustration of this point. In this

In an earlier study, Scinto et fizure the circle represents the highest

al. 1986, we posited the existence of acuity area of the fixation some four

two levels of visual attention desrees in diameter. Within this area
allocation in a search task involving are a number of texture elements that
nen pre attentively discriminable forn a ground and some that constitute
texture elenments. Ve termed thes the tarcet (in this case an arrav of 14

respectively macro attentional shifts elements two of which differ from the
and nmnicro attentional shifts. Macro sround and form the tarret). If focal
attentional shifts we armued were attention i3 necessary to discriminate

characterized by the successive the tarcet element or elements from the
disnlacement of eye position to fixate ground each element must be scrutinized
and foveate necessary visual in serial by such focal attention. Ir

information. These macro shifts occur as ulesz, 1985 and others have
when the stimulus frield or some deronstrated shifts of focal attention
information within that field 13 too take aporoximately 50msc and the
large tc be encoapassed by a sinrgle aperture of focal attention can
fixation. Hiero attentional shifts encompass one element at a time, a
occur as attention shifts of focal minimum of 700msc would be required to
attention within the effective visual exhaustivelv scan this array. Cur work
field of a sin=zle fixation when parallel has shown that the averare fixation 13
proceseins of the information in this only about 270mse in duration. In that
field {3 inadequate to extract necessary case only about 5 or 5 elements of the
information. arrav can be attended to durine 1 sinrle
fixation. Further, it is unclear {f the
In the 3studvy cited above we full durationil of %he fixation is
sourht to Aevelop an alrorithm to available for arocessinr retinal
simulate and model the orocess of searcn information. Cee for examole the
for non nre attentivelv discriminable commenta by Sialthouse, 1330 on the
tar~ets. The alrmorithm develoned in thas deterninanta of fixation duraticns.
Daoper A3 biased on a2 modified ranco=
Wwalk that aooeared to adequately =model The nuest.ion arises s to
the kind of m~acro attention s3nift w» whether the allocation of Tacal
have defined above. However, this 1ttention within the effactive fleld of
1lzorithn left unietermined the nrocecs the fixation 11 based on 1 randonm
of foecial attention allocatiosn within a nrocess and furthar whether Sho oositizn
sinzle fixation. This 13 1 eritizal of the tarees elament in the Tixition
sten {n constructine an erpnirically arrav 1ffacts the a=ount of ti~e reeced
3deguite alzor{ith~ 13 we nuat be Idble to to discriminate it alement ind
3neciy not onlv the =orodvadbillity of rezornize {¢ as 1 tarret elerent.
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Figure 1: Fixation Array with 14 Textur
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If it were the case that (Dow et al., 1981) an image of constant
position within the fixational array did size at various eccentricities from
not matter for recognition then the foveal center on the retina will give
allocation of focal attention or what we rise to progressively smaller
have termed micro attentional shifts projections on primary visual cortex
could best be modeled by a random walk thus stimulating fewer cortical cells.
process. However, a number of Observed differences 1in recognition
researchers (Payne, 1966; Lefton & rates may in part be accounted for in
Haber, 1974; Eriksen & Schultz, 1977) this fashion.

have demonstrated that with increasing
distance from foveal center recognition
time for pre attentively discriminable

elements increases by as much as 100msc
for three degrees from foveal center.
Eriksen & Schultz speculate that the

observed differences may be due to
differences in neural transmission time
from positions on the retina to higher
information processing centers or a
degradation in the information provided
higher processing centers from retinal
locations away from foveal center.
Sterling and Salthouse (1981) in a study
of retinal location and visual
processing rate concluded that with
positions removed from foveal center
there 13 no decrease in the rate of
information extraction at such positions
but rather that the reduction in number
of receptors at locations away from
foveal center increases the time
necessary for the establishment of an
initial representation of a stimulus.
Once a representation of the stimulus
has been established discrimination say
between two alternatives is not affected
by retinal locus.

Of further note {3 the work on
spatial mapping of projection from the
retina to primary visual cortex
(Marshall, 1941 &% Daniel & Whitteridre,
1961). Whereas the density of cells in
the cortical surface {s fairly constant

In their work on texture
discrimination and vision Julesz and his
colleagues (Julesz, 1975; 1980; 1981;
1985; Julesz & Bergin, 1983; Bergin &
Julesz, 1983; 1983a) isolated a number
of features of elementary texture
elements they termed textons. Texture
elements were found to be non pre
attentively discriminable only 1if these
texture element did not differ in the
local density of textons. Julesz
isolated a number of such textons such

as number of line segments, number of
line ends and number of crossings. In a
series of experiments exploring the

discriminability of pairs
elements (Bergin & Julesz, 1983; Bergin
& Julesz, 1983a) reached the following
conclusion., They state 1983:2

of texture

The discrimination behaviour
described is {independent of
whether the stimulus falls
entirely within the fovea or
extends into the near
peripherv. This was tested
over a range of a factor
eight in size wusing stimuli
consisting of seven elements
arranged randonlvy in a ring
centered at the fixation
mark...The smallest of these
stimuli subtended only 2.8
of wvisual angle while the

.(-f ~ﬂ~!.'-| .-1'\ ¢ AGAC A ,.' P \,’«‘S‘:v_-“\'v',‘-,'\.r r T F. Y .'
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. largest was nearly 22 in representative of normal viewing
A el e diameter...this uniform situations and the claim that the fovea
;;f, - contraction or <4ilation of and near peripnery function similarly
. the stimulus hnad little with respect to information extraction
;’- effect on performance. Thus, is somewnat misleadinz with the caveat
fﬁ N witnin the limits imposed by of change in spatial scale.
spatial resolution, the
- stimulus can be viewed from It 1is unlikely that a single
' el a wide range of distances fixation will much exceed 300msc 1in
" > with similar results... This duration. It is more wunlikely that
> suggests that excent for the fixations of 500+msc will be found in
\e: chanze in spatial scale, the most inspection or recognition tasks.
::, fovea and near periohery In light of this and the findings cited
o', function similarly in the earlier about the effect of retinal
) extraction of visual position on recognition times it is
o information [Emphasis clear that in normal viewing where
R’ added]. stimulus size decreases with greater
;‘{f eccentricity from foveal center the
. On the surface this statement by fovea and near periphery do not function
_;(. Bergin & Julesz would appear to suggest behavorially in an gimilar manner.
I Y Al et that 1if texture element are well above Neural principles of information
oy DR AR R A acuity threshold then they should be extraction and image formation may be
R equally discriminable either in the equivalent but there are non trivial
¢ fovea or "near periphery". However, the perceptual differences to be observed.
LK Bergin & Julesz experiments restricted
$ inspection time to a minimum of In an effort to determine the
: L approximately 100msc to about S50msc. nature of the process of focal attention
K Performance in the task requiring allocation within a single fixation we
p“ subjects to report whether a target designed an experiment to determine the
ﬂ‘e texture element was present in an array recognition rates for a pair of non pre
b of seven texture elements never exceeded attentively discriminable texture
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62% correct at the maximum
for inspection. Given the conclusion we
cited above by Sterling & Salthouse,
increasing the stimulus size by almost a
factor of ten and allowing some 500msc
for inspection, it should not surprise
us that recognition rates for this
experiment were similar for that where a
smaller stimulus set was used. We must
assume that in this experiment viewing
distance did not change as they do not
report a figure for viewing distance.
Given that viewing distance remains
constant the number of receptors
stimulated in the periphery 1is greatly
increased thus allowing for an initial
representation of the stimulus to be
formed sooner than ordinarily be the
case with a smaller stimulus impinging
on fewer receptors. Additionally the
work on spatial maoping of retinal
images to orimary visual cortex suggest
that, factors of spatial contrast etc.
asice, Increasing retinal {imaze size
will lead to similar numbers of cortical

time allowed

cells being stimulated at greater
eccentricities from foveal center.
However, the experimental situation
posed by Bergin % Julesz {3 hardly

L 7 et

elements. This pair of texture element
were the same used in our search study
(scinto, et al., 1986) and consisted of
an element yielding the percept of a 10
and an element yielding the percent of
an 5. These elements share the same
first and second order statistices and do
not differ in the 1local density of
textons, same number of line segments
and same number of terminators. In
order to discriminate these elements,
when they are presented briefly one
needs to attend to each by the
allocation of focal attention. Figure
two below gives an example of these
texture elements and the horizontal and
vertical orientations in which thev
appeared in our experiment. CQur
hypothesis was that texture elements
that appeared further away from the
center of fixation and hence from the
center of the fovea would be
prorressivelv more difficult to
recognize as indicated by recosnition
error rate. Error rates should show a
steady increase as elements appeared
farther awav {rom foveal center. [} has
been demonstrated in many cases that as
the number of elements {n an array is
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Filgure 2: S and 10 texture elements in Horizontal and Vertical Orientations
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increased the probability of detecting a cannot discriminate between them
target element decreases. In the case (Julesz, 1983). In order for
where a single fixation encompasses some discrimination to take place they
nine to sixteen texture elements the require focal scrutiny by the attentive
probability of detecting any target visual system. When these elements

-ﬁdeﬂaﬁrvﬁ«un4~‘Lvﬂkavﬂ‘*"eﬁd texture elements will vary not only as a appear in some position in a fixation
function of the number of target and non retinal array it is necessary to shift
l target elements in the array but also as focal attention to that location for
a function of the retinal position of discrimination and recognition to occur.
N the target elements in this retinal
. array. With limited time available for In this experiment we mapped
’u allocation of focal attention during any forty eight retinal positions disposed
;ﬁ given fixation, elements that are along the major horizontal and vertical
] farther from center will consume more axes around a central fixation point in
LA S inspection time. With an array of ten foveal center. Each of these positions
o .. elements and assuming 50msc for each were spaced 1 apart and represented
>t ce e T S . shift of focal attention as predicted by positions along each axis of from 1 to 6
V%_ o : Julesz, 1985 we might expect that as from foveal center as represented by the
. many as five elements could be fixation cross. A representation of this
o exhaustively examined during a 250msc fixaticnal array appears in figure 3.
e fixation. However, we hypothesize that Each of the two texture elements in
! ‘{ if some of those elements appear some 2 their two orientations (horizontal &
Iy to 3 degrees from foveal center they vertical) appeared at each retinal
N will require more inspection time and position mapped. All texture elements
® overall less then five elements will be were randomly disposed at each of the
inspected during that fixation. Such a forty eight retinal positions. This
\( prediction would explain the phenomena randomization was done for each subject
--) CNEIMOE SR K R e E 4T 4T, el we have often observed in our search for each trial the subject viewed.
:J data where a fixation falls on target Subjects viewed ten trials for each
] texture elements yet no target detection texture element and its two orientations
, ;{ is reported. This 1s analogous to the for a total of 480 elements.
W often reported phenomena of looking
without seeing. Texture elements were presented
G by means of 35mm back projected alides.
. p The elements were viewed f{rom a distance
v of 1.75m on a screen 56.5cm by S7.%lcm.
?J' 2 Experimental Protocols: The texture figures subtended 2/3 of arc
‘.}f on the screen. The measured contrast
" ratio of the texture elements at any of
’5. . The texture elements in figcure the forty eight positions did not varv
© , t+o were those used in our experiments. significantly. Calculations of the
‘o As these texture elements share the same projected angle of the texture elements
" first and second order statistics and do on the retina showed that this angle 4id
e not differ in the local density of not vary sienificantly. The measured
J{: textons the nreattentive visual system angles and widths at the retina for the
)
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forty eight elements is given in table
1. All texture elements at the six
positions along any given axis were
Table 1
Axis & Position Angle at
I-1 h4orayn
I-2 4gra2n
I-3 §ot1gn
I-4 4or16m
I_s uov,zn
I-6 4o 8n
IT-1 4or15v
II-2 40 6n
II-3 39'55"
II-4 39myyn
II_S 39'33"
II-6 39121
ITI 4oraun
I1I-2 40122
III-3 Lborign
I1I-4 4ot16"
III-S 4oriav
III-6 40' 8"
Iv-1 4031
Iv-2 4Qr39"
Iv-3 4orusn
Iv-4 40rs0"
IV-5 Lorsun
V-6 40's7r

Measured Angles and Widths of Texture Elements at the Eye

ERAERARZERFEAARERRRERRARRARFRRERBRRRR R

2.1 Presentation Sequence:

The presentation sequence for
any experimental session ran as follows.
Subjects first saw a central fixation
crosas with a duration of three seconds
followed at once by the stimulus element
with an exposure time of 100msc. After
the stimulus element there was a blank
but lizhted screen for 160msc followed
by an 2rasing mask with a duration of
three seconds. The series then began
again with the central fixation cross.
The combination of the stinulus
pregentation %time of 100msc with tne

W wow

easily resolvable and well above
threshold levels.

acuity

Eye Width at Eye(mm)
.19978
.19961
.19936
.19912
.19879
.19846

. 19903
.19829
.19739
.19648
.19557
.19458

.19978
. 19961
.19936
.19912
.19879
.19846

.20035
.20101
.20151
.20192
.20225
.20250

AABRABERERARAARRRAFERARRRABRBFERRRARARBRERRRBRR

blank time of 160msc allowed subjects
260mse for a shift of focal attention to
the projected texture element and focal
scrutiny of the element. This interval
of 260msc corresponded to the averace
fixation time found in our search study.

In each experimental session
sub jects viewed four travs (session one
contained an extra practice tray) of
forty eight slides per trav. Sub jects
participated in five sessions over “wo
and a2 half days with one session per
morning and afternoon. There were a
total of ten trials for each ficure for
each orientation of the flzure at each
retinal position maoped.
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Figure 3: Man of forty eight Retinal Positions on Four Axes
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2.2 Experimental Task:

Subjects' task was to correctly
identify which texture element was
presant.ed at any ziven trial. Sub jects
wepe instructed to resoond as aquickly as
possible once thev knew which element
had been presented by presainz a
response button with their dominant hand
and after tnis to verhally inform the
exnerinenter whnich element had aboeared.
Z£ach subiject was Instrusted to ruess
wnat the element was on anv trisl waere
tnhe subject was uncertain,

2.3 Dependent & Indevendent Variables:

The main Zeoendent variiole was
the percentire error ra%ta for
{dentification of texture sle-nnt:s nazed
on the tern trials or eacn elo-ment at
eich retinil nositisn.,  There uwere four
indenendent variandles: texture lzure (3

or 10), distance from foveal center (1
to 6 ), axis (1 to 4), r ficure
orientation (horizontal or vertical).
This yielded a2 (2 x 6 x 4 x 2) reveated
measures desian. All subjects viewed
all experinental conditions ~and
pregentation order was randomized for
each subject on each trial for all the
conditions. All stimulus npresentations
were monocular to the subjects doninant
eye as deternined by pretesting. All
stimulus oresentations were controlled
by the laboratory PDP-11 conouter and
data collection was also controlled by
the comoputer.

3 Subjects:

A total of fourteen subiects
ware used in this exoeri~ent. Subiactg
were acults with normal or corracted %o
nor~al vision. If snhiects uare
corrective lenses tnev wore theun lurins
experi~entatior., o mub-ects
anvy ALITLnulty L resolvine wne  toxture

3

elaements aiven sulTizint,

ronorted
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4 Subject Studio:

The viewinz studio was a room
measuring 2.48m Y 3.05m containingz a
chair and table on which were situated a
chin rest and resoonse buttons. The
viewing distance of the subject seated
at the table to the screen was 1.75m
from the screen. The total area of the
screen subtended an anzle of 18 degrees
horizontally and 18 degrees vertically.
During exoerimental trials the only
illumination in the room was from the
screen so as to orevent any vperipheral
distraction. In order to stabilize nead
and eye position subjects used a chin
rest during experimental trials. Random
checks of eye ovosition wusine an ASL
zodel 1998 Zye View Monitor showed that
subjects were able to maintain fixation
on the central fixation ecrosa during
experimental trials.

S Results:

Sunmary
compiled based on the ten trials for
each stimulus element in each of the
four exoverimental conditions. Table two
details the mean percent error rates
standard deviations and varfances summed
over the fourteen subjects by texture
figure, orientation, axis and distance
from foveal center.

error rates were

Y W VT T '4;4'._1‘
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'

X

i.\ W "

hdak z ol Sal ol Lul Sk Ml

Based on the
scores we develooed
the effective visual
for eacn of the texture elerments in
their various orientatinns. These
conspicuity areas correspond to the four
experimental conditions. The prorranm fit
a curve (effectively an ellipse) to the
four axes on which we tested. The
intercevts for the curves on each of the
axes were determined by using the
distance from foveal center at wnich the
error rates exceeded 50% and recoenition

nercent  error
a nroxram to nlot
conspicuity area

overformance aooroached chance levels.
The six distances a'ong any axis
constituted the possible 1{interceots. In

those cases where error rates on no axis
exceeded 50% the program fi. a circle at
interceots redresenting a <istance of
six desgrees from fovea center. These
reoresentations were constructed
primarily to graohically disolay
recognition vperformance and are not
meant to reosresent a rigorouslv mapoed
effective field of view. These retinal
maos for all fourteen subjects for all
texture figures are given in figure four
below.

For all the texture figures we
plotted the percent incorrect resoonses
tor the fourteen subjects across all
axes by texture fimure and orientation.
These olots are givan in figure S. The
plots show that with Increasine distance
from foveal center the error rates
increase.
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TABLE 2
i Element Axis Orientation Distance Mean sd Variance
S1 11 .00 .020 .000
s112 .05 .073 .005
s113 .30 218 .ou7
S1 14 .40 .210 .096
s115 43,294 .086
S116 45,279 .078
s121 .02 .058 .003
s122 .22 220 .08
s123 33,276 .076
S124 47 .263 .069
s125 47,260 .067
5126 .43 .225 .050
e s it sS131 .02 .om .001
ko aaat s132 .05 .098  .005
S133 .14 216 045
S134 .22 224 .050
$135 .23 .231 .053
5136 .30 .210 .oul
S 141 .02 .om .001
S142 .09 .138 .019
, S143 .15 .209 .043
’ S 14y .30 .293 .086
S145 .27 .208 .043
. - S146 .32 .23 .052
s211 .02 .055 .003
s212 .17 .186 .034
s213 L3 282 .079
S214 .42 0,295 .087
s215 .he 328 .107
s216 .54 ,2%9 .082
s221 .03 ,081 .006 '
s222 16 .12 .016
TN S R AT G Ep T A s2723 .45 287 .082
s224 .52 .254 .05
s225 .52 240 .057
5226 .52 .239 .057
o 52131 .08 .180 L0722
s $232 .21 .255 .065
>N 5233 L4629 .085
oy £234 L7200 .078
oYy 52135 .55 .222  .052
o S226 62,239 .057
>
r
- S 24 .07 .155 .024
5242 .32 .31 .0a8
S243 A2 em L0460
S 244 4z 265 .070
52145 N2 2T .J75
S2hsb LJih 208 Lou2
- 8 -
-t gy & = Rk A S

e s e ey e e e e e ey e
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P e o T 7 s Lo L e ot e )



W‘m L W W WUV W TP BT W TN O O
,
o, 4

TR Sl e ek MVt L L tavan e femna e -

TABLE 2 cont.

Zlement Orientation Axis Distance Mean sd Variance
10 Tt 1 .01 .04 .0M
10 112 .09 .138 .019
10 113 .13 .183 .033
10 11 Ry .258 .066
10 115 .40 .269 072
10 116 .45 .306 .093
10 121 .01 .034 Releh
10 122 .32 .249 .062
10 123 .55 .261 .068
10 124 .53 .296 .082
10 125 .55 <304 .092
10 126 .65 .222 .049
10 121 .05 .062 .003

IR AU AT S L i e 10 132 .07 079 .006
10 133 .19 <148 022
10 134 510 .232 0 .054
10 135 .64 .263 .069
10 136 .66 .296 .088
10 141 .03 .061 .003
10 142 <31 <192 .036
10 143 .60 .223 .050
10 14y .62 .260 .067
10 148 .62 .242 .058
16 146 .70 .218 .0u7
10 211 .09 <122 .019
10 212 .22 <131 .017
10 213 .40 .285 .081
10 214 .49 .291 084
10 215 .49 .284 .080
10 216 47 <321 .103
10 221 .03 .081 .006
10 222 .22 .185 .034

ST T A e 3wt €5 ein 10 223 27 .208 043
10 224 42 .254 .064
10 225 47 .2U5 .060
10 226 .4s .266 .07
10 2 31 .02 NeLR .001
10 232 .20 J194 .037
10 2137 .27 245 .060
10 274 .23 227 .049
10 2135 .32 .20 057
10 21316 .35 2T G73
10 2 U .02 048 .202
10 2402 J12 . 103 R R|
10 2 41 .29 .228 052
10 2 44 .45 210 .Qub
10 2 45 .56 .229 .052
10 2 46 .57 LU0 .057
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b Y
o found 4in SPSS-Y¥. The results from this
‘ ‘: 6 Analysts: analysis are found in table 3. This
| i~ analysis showed strong significant
) differences for distance from foveal
center and 1
5) | In ord , angle of eccentricit
e . dirfe::nc to determine if (axis). This analysis M
: ¥ es recognition strons effect for ori
_".) performnance were significant we figure a 11 e O o e
e 3 we as several
! performed a multiverate r tr
::J anatysie teime the prgzzziig three way interaction effects.
.‘d
|
» TN
A Table 3
o
Pi
‘:’ Effect df F P
d A LT 2 2o APSPELABNDI]
]
L%
); Element 1/13 43 5N
v Orien 1/13 14,88 .002
, Axis 373
2739 15.36
] 3 .000
'4': Pos 2/2% 211,33 .000
-h
,'f_( El/Cr 1/13 3,33 091
£ E1/Ax 17709 L6142 .592
% El/Poa 2125 .552 .582
5y Or/Ax 2/30 .
‘) 33 17.33 .0nn
-2 Or/Pos 2/26 1.28 L 2q4U
-3 Ax/Pos 6/79 4. .001
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A
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I UL MR Table 3 (cont)
i { able con
!‘

-::.!“., Effect dr F P
AT
J": E1/0r/Ax 3/39 9.127 .000
M E1/0r/Pos 2/2% 4.369 .023
1 o) El/Ax/Pos 6/78 2.502 .029
‘-,; Or/Ax/Pos 6/78 4,185 .001
L
S Our expectation was that we should 10 texture elements for all fourteen
i x{- observe an effect for distance fron subiects across distance from foveal
o~ foveal center. However, the findinz of center, In ficures 9 and 10 are plotted

a significant effect for orientation and the significant two way {nteractions
for angle of eccentricity from foveal from the first MAIOVA we ran, The<e
center were not oredicted. In order to figures plot Axis and Orientation by
better understand the effect for Position respectively. Fizures 11
orientation we ran an additional MANOVA. througnh 16 plot the siznificant three
In this MANOVA the data matrix was so way interactions from this same MANOVA.
arranged as to test whether the In all these figures percent correct
difference for orientation was due to recornitions are plotted on the y axis.
the actual spatial orientation of the

texture elements (horizontal vs. In order to assess if the
vertical) or rather to semantic or orientation effects observed in the
phenomenal orientational differences analyses ziven above were indeed due to
(the percept of an s or ten) by a difference in spatial orientation or
specitically contrasting the correct and rather to the “ifference in ohenomenal

o e Al 5 LTt S R

-
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.
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\ F~ incorrect orientations of these texture orientation (the nercept of an S or 10
':}. elements. This MANOVA showed that there as opposed o inversions of thnese) we
J:. was no siznilicant effect for semantic ran two additional MANOVAs on the error
> orientation for the combined texture rate data. In these MAIIOVAsS we tested
‘g? elements, df=1/13, Fz3,333, P=.091. The for effects separately for each of the
‘5ﬂf_ complete results from this analysis are two texture figures. In the analysis
. found in table 4. for the S texture figure we found a
significant effect for orientation with
:?_ Figure 5 oplots the percentace the texture firure sugeesting the
N = correct responses for horizontal and percent of an S yielding better
x N et e A R L B vertical texture elements for all recornition performance. The (ull
)H fourteen subjects across distance from analysis table for the S texture figure
;h foveal center broken out by axis. In 1s ziven in table 5. In the analysis
u~_: - these plots S ant 10 texture elements for the 10 texture element the effect
are combined. Flzure 7 plots the for orientation was not sianificant.
."' percent correct ressonses for all There would aopear to be no effect for
;&:; fourteen subiects across diztance from the ten firure in it3 correct dhenomenal
B .Y foveal center for the semantically ortentation. The full results for this
> correct texture (iecures ang semanticallvy  analvsis are c¢iven in tabdle 5. Firure 3
‘?JQ incorrect ‘traxture fi{irures for each of plots the recornition data lor these two
:;l\ the four axea. Fizure 3 plots the effects.
;'{:5 orisntation effect seoarately for 5 and
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across Distance from Foveal Center
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Figure 15: Percent Correct Recoenition Reaponses for Orientation (Horizontal) bv
Axi3 and Distance from Foveal Center
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- Figure 16: Percent Correct Recoenition Responses for Orientation (Vertical) bv Axis
- and Distance from “oveal Center
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3 Table U
[
)
L)
¢ EFFECT ar F ?
3,
Y Element 1/13 L4200 .528
3 Orien 1713 2.333 .091
Axis 3/39 15,3287 .000
Post 2/126 211.33 .000
a £1/0r 1/13 14.883 .002
E1/Ax 2/39 L6434 .592
. El/Po 2726 .5526 .582
3 Or/Ax 3/39 9.127 .0NQ
' Or/pos 2/26 4,369 .027
Ax/Po 6/178 4.314 .001
kIS e et S5 3 e e, T,
E/O/A 3/39 17.335 .000
€/0/P 2/26 1.284 .294
( E/A/? 5/78 2.502 .029
: O/AlP 6/78 3.897 .002
X E/O/A/P 6/78 4.185 .001
)
¥
Table 5
) EFFECT af F P
Orien 1/12 9.907 .008
Axis 3739 1.019 . 394
¥ Posit 2/26 70.82 .000
y
PR - . Or/Ax 3/39 5.297 .004
T g AN o Ty =G e S b
\ ~ ! A Or/Pas 2126 6.322 .06
Ax/Pos 6/78 1.562 . 169
O/AlP 6/78 1.945 .084
: Anova Results for S Texture Ficure
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‘. Table 6
:' errEiT ar £ P
) Orien 1713 221 LHuk
Axis 3/39 5.953 .M
N Posit 2726 132.268 L0120
)"~
WSS Or/Ax 3/39 17.91% .003
~ Or/Pos 2126 1.32% .20
N Ax/Pos 6/78 5.528 .030
' 0/A/P 6/78 6.042 .00
|
4
= Anova Reeults for 10 Texture Firure
X
N
-
: I S AT R I Sy P S
These two MANOVAs reveal a different orobability formula that accounts for
( pattern of results for the S figure and the greater recnenition time required
the ten fizure. Yhere we have a for scrutiny of elements bevond one
.f significant difference for Axis with the degree from foveal center. This loneer
{, 10 texture figure there is no recognition time may be accounted for in
- significant effect for the S texture cart by the suezgestion of Sterlinz &
s figure on the Axis variable. The two way Salthouse that at distances away from
: and three way interactions in the foveal center percepots will take longer
< raspective analyses also differ. The one to form due to differences in receptor
. constant finding in all the analyses run density or by the magnification factor
. . was the finding for a difference in discussed above where fewer cortical
0 ’ distance from foveal center on cells are stimulated when a stimulus of
v. recognition performance. In no analysis constant gsize {3 located further from

did we find an overall difference for foveal center.

.7 texture fipsure S va. 10.

. Adcditionally, the results we
.; obtained would apnear to {ndicate that
] 7 Discussion: at least for some texture elements there
Us

is a strona effect on recornition
|
performance with angle of eccentricity

. It {8 clear from the data in from foveal center, The MANOVA resulta
i S APy this exseriment that retinal oosition, in Table 23 1incicaze a stronc effect,
[ (1.e. distance from foveal center), 2.000 for axis 1ind the 4ata olot in
.- affects recoenition perfsarmance (see fizure 9 would {indicate that axes one
LN Tables 3 & 4 and Figures 4 & S) Cor non and three sive better recoznition
‘. pre attentively discriminable texturs performance than 4o ixes two and four.
elements. The data demonstrate that Diflerancea for axes are alio {(mnlizated

. there {3 a rapid fill off {n correct in 1 number of two wiav and three wav
P recosnition response from one Lo thrae 3iniftcant  ifnteeactions in  the Ita.
« degraesq from foveal center when Hera the Clterling & Jalthouse findina
- {nanectinn time [for focal scrutiny 19 for d4ifferaences 1n nernest {ar~ation tue
- held canstant at 3ome 2h0=sc. to Adiffersnces {n raecentor “donsity 1o
: Recoenition oerlormince bevond three not fullv exolain thia {{nain~ unleqda we
- decrees from foveal center 10%ears to 133ume that it se~rtain ancles wiv frem

flatten out a3 snown by f{izure five. foveil ~enter raceptor density will varv
Thege 43ta juseeat that nv ~odel of the alenificantly enourn %0 iccount Tor thils
allacation of focal attention within » findine. The 137e could Te 3211 or %he
fleation nust be bhazec on 3 modified no31ible  affect of 1 masnaT{zation
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factor since corticzal
apopeirs to he uniform.

cell distribution

Overall, riven a constant
stimulus size above 1aculty thresnolds
and a constant inspoection time,

recocnition verformance for the central
fovea and near perioherv is not uniform=,
This would sussest that the allocation
of focal attention and scrutiny within a
single fixation 1i{s not wuniforna. For
scrutiny of elements within one degree
from foveal center less time for focal
attention is required for recornition to
occur wnile for elements at greater
distances and not on the same horizontal
plane as the fovea areater time s
required for recornition to occur.

7.1 Orientation Differences:

The effect we found in this data
for orientation (i.e. either horizontal
or vertical irrespective of correct

phenomenal orientation) 1s less clear
cut and more 4ifficult to account for.
In the first MANOVA we ran on this data

(see table 13) findinms indicated a
significant effect for horizontal vs.
vertical orientation of the combined
texture elements at p= .002. Yet when
the recoanition data for this findine is
plotted (see Firure 6) the differences

betwWesan norizontal and vertical
orientations does not appear to be that
great, Both data lines track esach other

fairly closelv. In lignt of this we
rearranged the data matrix 30 as to
contrast taxture ficures oriented {n

their corract semantic configsuration (S
4 10 combined) the MANOVA we ran did not
snow a siznificant effact for
orientaticon (aee table 4) p=z.091. Yet
the data plot for thnls effact in Firure
7 Adoes aeem to indicate A asreiater
41 ferance in corract vercus incarrect
semantic ortaentaticn of the flrurea than
414 %ne olo% {in Flrmure 5 far norizontal
ind verticil sriontations. In  the nlot
in Flrure 7 the 4{fference {n correct
recarnition rites ceema %o (ncrease witn
distance fro= foveal center. e 3noulAd
norte  thit tne analvsis fraom the  second
MANCVA 414 {ndicate a atenificant eflece
for “he o wiv fnteransion af
ariantation “y element, 9:.272 13 well
13 3ianifizant effects for arientation

AN <, - ) Ly - -
RN m}m&qh&" .

by 1axis, p=.000 and
position (distance fronm
=.329.

orientation by

foveal rentar),
Tor both the S and 10 texture
elements, distance away from foveal
center does aopear to increase the
effece for different osh2no~enal
orientation. Overall,these results,
particularly the sicnificant finding for
the two wav interaction of orientation
by texture figure led us to do a further
breaxdown of the data analvsis by
lookinz at the two texture elements {n
separate analyses,

These individual analyces (see
tables 5 & 6 and figure 3) dermonstrated
a siznificant effec: for semantically
correct V3. semantizally incorrect
orientation for the S texture element,
p= .008 but no siznificant effect for
the 10 texture ele-ent, p=.646. If we
exanine the olo*s in figure B we can
observe that the differences for the S
teaxture element are nmore pronounced f{or
the semantically correctly oriented
figure then in the plot for the 10
texture element., However, in botn plots
the semantically correctly oriented
fizures give better recognition rates
than do the semanticilly {incorrectly
orientated figures. It is not
unreasonable to conclude from this
further analvsis that the oricinal
sienificant findine for an orientation
difference hased on the Hhorizontal and
vertical comparison was an artifact due

to combinine the S and 10 texture
elements in the analysis. This mav be
attributable to the fact that the

analyals of spatial orientation for the
ficures {3 confounded with nhenomenal
orientation. In tne c¢ise of the 3

texture element the corect ssnintic
orientation {s coincident with the
horizontal orientation and {n the case

of the 10 texture element the correct
ohennamenal orientation {3 coincizent
wita tha wvertical nrientation. Given
d{arant rasylts for the ele~ant

considered <¢enaratelv 1t i3 oliusible =o
133ume  that the liack of effect Tor tae
rtan  texture element overynelms the
anilvaia and nn affect i3 oboerved for
nneno~eni]l orientation. Likewise (n the
finiin? for a sicnificant ~ffect for
norizontal versus vertizil orientation
tne comdination of the <=ronz A{flerence
in the O flsure for a worizontal
nriantatinng, i{ta carract jemintiz
oriantition, overihel-s the analvsis and
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zives us the result of an orientational

. . . - diflerence that is eociphenomonial. 7.2 Axis Differences:
Chservation of %the eranns in flouras 3
310w4s that for tne 3 texture element the
norirontal orientation coincident with Throucnout <he
the correct phenomenal orientation shows various analvaes we ran
better racosnition rates. For the 10 recoanition of the texture aleme
texture element, the vertical implicated with differences n axis of
orientation coincident with i{ts corrert presentation. In particular we have to
onenomenal orientation shows the better note the siznificant effects for two way
recognition scores althouan the and three way interactions. These seen
disparity between tha orientations is te suzgest strongly that recoznition s
less for this fizure than for the S not simoly a function of increasing
texture element. It may be that some distance from foveal center but rather
combination of ophenomenal orientation is due to a complex {interaction of

and spatial orientation accounts for the several variables, Cne of the major
pattern of results in our data. variables implicated is axis of
oresentation. There were siznificant

Wnile this analysis 1is by no effects for axis as a main effenrt as
reans conclusive, it would seem likely well as for axis and distance from foval
RTINS AR that given the indeoendent analysis center (see firure 9) ana orientation
' ’ performed on the texture elements and in and axis (see ficure 10) as significant
the absence of anvy other data, that two way effects. The analysi of the
pnenonenal orientation does affect data also demonstrated a sicnificant
recoznition at distances away from three way effect for texture element by
foveal center for at least the S texture orientation of element bv axis ( see
figure to a sisnificant extent and for figure 12). In most cases but not all
tne 10 texture element to a lesser the recoenition performance for axes one
extent but sreater with increasing and three, the Ywo horizontal 2axss was
distance from foveal center, The better than recoenition performance on
overall effect for the 10 texture axes 2 and 4. The mean opercen® correct
element 13 not as strong but the sane recoznition rates for the four axes are
trand i3 present. The question remiins given 1in table 7 “elow. These dJata are
as to wny tnere should be 3 difference also plotted in figure 17 belo.
for the texture elements, It mav be the '
- case that tne nercent of the S i3 simolv
~ore of an overlearned onenomena than
the nercent for the 13 element.

Table 7
AR N e e 2y o S
Axi3 tean Variince Standar? Deviation
1 L kT BE
2 v L Th L1
! B ! =
G R Lot |
“ean,  Girtante ant Ttaniiare Teviatlon C3n Danrcent Taemact fagarnrto
Yaannnqe~ Uor oall Yinat g,

Tea - L L AR
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Figure 17: Perce

t‘ean Correct Recoanition Responses for Four Axes for all Texture

Elements for all Subjects
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Firure 17 in wnica the two texture
fizures are combined snows a systematic
variation among percent correct
recocnition responses for the four axes.
Axes one and three yijeld better
recoztnition perfarmance. WAhen we
exanined the & and 10 “exture elements
indenendently this nattern »f variation
of recoenitisn oerformince where axes
one and three snowed better recornition
nerformance nolds for the correct
oneno~enal orientation of the 5§ texture
elament (~orizontil) ind for the zorraent
cnencmenal arientation of the 10 texture
elemens (verzizal)., Thiz sattern ~an be
obnerved in Flcure 12 above. Firmure 10
wnicn nlots oercent correct recognition
rites for nori{zo~tal and  vertical
orlentiiliong Lirressestive of texture
alemans showl Lnis fattern of  variation
f5r 128 one and  thlree verdui two and

four only for “ne hor{zontal
oriantation. It i3 1lixelv that the
stranz et fecy  far 2aprect onenomenal
orientation  ("ari{zontal) far tne

taxture elament 1ffenti tnase rasgyulta as
indizined {n nur remarka on orientation
4iflarences above.

ha sattern of f{

ineq for A1xes
3uTcean) ol

anrly that

3D
SRS

recoanition performance for tne 5 and 10
texture figures ire different with
respect %to axis of oaresertation for
correct nphenomenal aoriantation. We
orobably can  conclude that orientation
differences are stron~lv implicated in
the observed axis difference ynere
recornition performance i3 hetter for
axes one and three on the horizontal
olane. I% |{= conzeivadble that  n

correct percentiy for 5 anz 10 textura
2lements are -~ore easily disrunted at
axes two an? “anr in sne vertical olane.
There are 2ifferantas Tor 1xes for  the
incorrect nnenomenil srientatinnia of the
texture elements but the diffarences
here do not reoeat the nattern  of

1ifferencos fom ~arraens anenn~enil
arientation. Wa tan angerve in T syre
12 that far tne tion

the nlot Tor tae {33
Alrrar i-are Uar the a0t 6 rennenitis

resnonies 1TrniT tne Tnur ixed or Ste O
texture alarany . Uia cqirtamn 0 cgerane
recoenition resnanaq rom tha T alasane
3N0WS 3 steidy cenline  eo- 1vin nra
tarougn Lares it q mecovertt 9 gL

four while <ne ~yntera for the 10
alament  ~howa 1 theyty mine (N tAssans
resoernition reinances 321973 avea ane
whraaen taree ant y teziine t axy

bR
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four. It {s 4iffizult to conjearture wnv orientation, or aopnear at angles of
there shoul? be 131 difference either eccentricicy that danar® from %he
basen on correct and incorrece nnricontal polane a3 determined ty the
onenomeral orientations or basea oan viewers position.

tavrure fieure for tne incorrest

pnennzenal orientations. We can only The seccnsd model assumes that in
speculate that threse various texture a tas« wnere focal ttention nust be
figuras either aive risze to 4ifferent devoted during fixation to indivicdual

pat*erns of stimulation on retinal elements tne size of the fixation window

racentors that differ across the retin {s adjusted so that fewer elements are
or that higner recognition centers in taken in for scrutinv durine any given
the visual cortex resnong differently in fixation. Ideallv this window sizse
forminz a recognition regponse for should be osronortional to the anocunt of
stimulatior bv differant texture time available for scrutiny during
elements at variou retinal fixation. Given the data from this
eccentricities, axderiment estimates of the size oI this

fixation window cannot be determined.
However, we can conjecture that sucn a
fixation window should be les=s than

7.3 Recognition & Search Performance three decrees in dianeter.

4 SR

e Of the two =models provosed above
Given the findinres in the the second 1is consistent with other
experiment reoorted here of different strategies we have observed in search
correct recognition rates for non ore behaviour. In nur orevious work, Scinto

atten-ivelv discriminable texture et al., 1986 we observed that as searcn
elements at various distances fron continued to he unsuccessful subiects
foveal center and at different adjusted two aspects of the 3allocation
orientations and eczentricities, it of molar attention. Saccade amplitude

seens clear that allocation of focal was reduced and fixa%ion tinme was
at*ention to individual elements in the increaced. It 1is not at all unlikelvy
etinial arrav durinz fixation {is not that a further 3adiustment is made in the
unifnrm, It i3 unlixely that this snatial extent of the functionil wvisual
orocesa of focal attention allocation i3 field of the rixation.

best mndeled by a random walx model.

Two models of the allocation of focal

attention durin~ fixation are consistent Botn of these models coull be

Wwith the data from this experirment. tested by ~odifyinz the simuliated search

almorithn we develoned {n our earlier

The firat model assumes a studv  (Czinto, et al., 1926). The

fixation window of anoroximately “hree cunulative detection curves each of the

decreaz in dia-eter. Such a fixation models nroduce could then hHe compared %o

. 3ize will tic¢e in annmroximatelv nine o actual searsn data fr our orsvious

e a Eh L et et st sicteen textura alenants durinz  atudv. e =11 honed to  carry  out thia

fixation. ZSlven the limiting factor of simulation but %he unravailabdilitv of tne
some 250mac.  for fixation not all BRD computer on  wnizh the ari~inal

taxtura alamenty fillinz Within the 1lsaritha W19 ~ounted areventaeg any oot

f{xation area zan e scrusinized.  Focal { these models.

aLtention is 1llocated Lo  texturc

element3 haied on 1 wadifled randnm walk Tme  43ta fran twiad ~tudy 4oes

“nere cracrasgivaly aore tima  [lor heln to clarifv Turtane tae matura oF

serusiny s allonated %o elements 13 tne strateries aused {1 vicual aearnn for
el they oxtead sne  “agrap {ron foveal nidden or jefats] nre 1ttansively

- centar 2r re 55t Y correct nneromenil i{3criminanle tarcats,
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