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ABSTRACT

Mnemonic factors, such as primacy and end-segregation have been
suggested as important mechanisms in the determination of response dis-
tributions when binary patterns are tachisfoscopically fiashed before -
‘an S. The primary purpose of the present research is to analyze the end-
segregation effect--the tendency for S to reproduce more accurately
those elements which appear. in the more extreme positions. In Exp. |
the length of the binary patterns (from 4 to 28 elements) and their order
of presentation was manipulated. |1 was predicted that there would be
no end-segregation for the shortest and longest patterns, and that there
would be greater end-segregation for patterns of intermediate length.
Results supported the predictions except that the 4-element pattern pro-
duced end-segregation. |1 was also expected that there would be fewer
errors on those presentations in which the S knew the length of the pat-
tern before exposure. There was no such effect of knowledge of pattern
length, however. ’

Exp. Il studied whether or not the extreme positions of elements
in the patterns used in Exp. | could be reproduced accurately when pre-
‘sented without the intervening elements. Since they could be reproduced
accurately, they were within the range of effective vision. '

Exp. !ll was designed to investigate an apparent conflict in the
results of Exp. I, which showed no effects of foveal facilitation (i. e.,
fewer errors for those elements appearing about fixation). Such a phenome-
non has been noted in much previous research. Previous studies used a
center marker on the response template, whereas no center marker was used
in Exp. I. Exp. Ill employed the 28-element patterns used in Exp. | and
a small marker which bisected the pattern on the response template. This
study produced negative findings; the center marker did not have any appa-
rent effect on error distributions.

Exps. 1V and V were designed to test whether or not the failure of
foveal facilitation in Exps. | and |l was due to a masking of fthe center
elements by the fixation marker. Both Exps. IV and V used a smaller fixa-
tion marker than was used previously, using 28- and |2-element patterns,
respectively. Results of both Exps. showed that foveal facilitation did
occur with fthe small fixation marker, suggesting that visual masking by
the large fixation cross had prevented the foveal facilitation in Exps. |
and I11.

Findings of the present research provide further evidence that mnemo-
nic as well as sensitivity factors are responsible for differential accu-
racy in tachistoscopic pattern perception. The phenomena of end-segrega-
tion, primacy, and foveal facilitation were demonstrated for patterns of
different lengths.
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INTRODUCT ION

The present research investigates some of the more influential
component processes involved in tachistoscopic pattern perception.
These‘include:'-mo+or facfors, left-field superiority, mnemonic factors
and certain predisposifion or}seT factors. The primary inferest is an
analysis of the end-segregation effect--the tendency for S to reproduce
more accurately +hose»elemén+s which appear in the more extreme posf—
tions. -

The present series of experiments, following Camp and Harcum (1964)
and Harcum (1969), employ binary patterns consisting of rows of circles,
some of which are filled so as to make them black dots, and some of
which are unfilled, leaving a black ring on a white background;ﬁ The
following is an examplé of a fwelve-elemenf binary pafférn:

0006000000000
Each single filled or unfilled circle is a binary element. When such a
péTTern is,fachisfoscopiéally exposed, the $'s task is to perceive the
pattern of filled or,uﬁfilled circles and to reproduce them on a res-
ponse- sheet.
Historical Analysis.

When such binary elements of blackened and outiined circles are
presented to a subject, it might be expected that the errors for ele-
‘menfs at various retinal positions would conform to conventional gra-
dients of visual senéifivify. As Harcum (1966) notes, such re+inéJ sen-

sitivity gradients would show fewest errors for stimuli nearest ocular

2



fixation and monotonically increasing fgncfions of errors for elements
at greater eccenfriciTiés. However, the distribution of errors among
elements usual ly does not conform to fhe expectation of this convenffonal
gradient, but rather it more closely approximates the bowed serial-posi-
fidh curve of errors in verbal learning (Harcum, 1966). Clearly, such
errors are more frequent for the binary elements which appear within the
spatial array of stimuli, even though these elements are closer to ocu-
lar fixation. ‘Also, Harcum notes fewer errors in the reproduction of
efemenfs nearer the -ends of The_array.

.MoTor Factors

‘Although the phenomenon of left-field superiority has peen well
substantiated (Mishkin and Forgays, 1952), there is also some evidence
for a tendency to moré’accurafely perceive elements to the righTsof fix-
“ation (Dyer and Harcum, 1961). Heron (1957) notes that with simultane-
ous presentation (stimuli on both right and left of fixation) of letter—
groups, significahT differences are found showing better recogniffdn to
the left of fixation. However, with successive presentation of letter
groups (either left or right of fixation) significant differences are
found showing betfter recognition to the right of fixation.

In -an éTTémpT +o‘explain this apparent conflict in findings, Heron
postulates ab”posf—exposural process''--a process of neural events occur-
ing after retinal stimulation--and suggests that this is a motor compo-
nent of the perceptual process. Heron be[ieves that tendencies toward
eye movements (or implicit eye movements) persisT‘in time after the sti-
1mulus presentation has Terminafed, Camp (1961) notes that these hypo-.
thetical tendencies parallel the two basic eye movements used in reading

English. The first of these eye movements is the movement from right fo



left made while shiffting fixation toward the begfnnfng of a line of
print. The second is the saccadic left-to-right movement made while
reading a line of print. Thus, differences in field superiority are
contingent upon the amount of conflict which exists between these two
tendencies, as well as other combonen+ factors (e. g., type of stimuli
presented and manner of presentation).

In The‘percepTion of an equal number of binary elements on each
side of fixation, this conflict in tendencies generally resulfs in the
left fendency dominating first. Such fs‘fhe cése not because this
left-ward movement is'én inherently dominahfnfendency, but rather be-
cause of certain habifual methods of perceiying organized maTeriai.
(Camp, 1961). Dyer'and Harcum (1960). suggest that such a Tendéncy to
start at the beginning, which is assUmgd To be_The left end, is esta-
biished in part by the reading habit and also by certain physiological

qual ities such as cerebral hemisphere dominance or eye-dominance factors.

Left-Field Superiority |

Data suggesting that objects presenfed to the left of fixation are
generally more clearly perceived than obje;fs presented to the right
date baék to research conducted by Dallenbach (1923). He reported ap-
preciable differences in the relative vividness of TesT—paTchés'pre-
sented to the léff of fixation for righT—handed sub jects. Dallenbach
attributed such differences to The handedness or dominant cerebral hemj—
sphere of the subject, such that sTimuli.presenTed To:The non-dominant
hemisphere were found to be more attense (clear to the senses). There
 is a relaTivelykcomprehensivé body of research which reports the pheno-
menon of left-field superiority (e. g., Anderson, 1946; Anderson and

Crosland, 1933)..



Hebb (1949),.Heron (1957), and Harcum (1957a, 1957b) have taken
similar theoretical positions in attempting to explain this left-su-
perior phenomenbn. Harcum and Dyer (1962) note that the recognition of
visuél stimuli depends upon the functional superiority of their percep-
tual organization. They postulate that when visual stimuli are too nu-
merous or complex to be perceTved in. their entirety, they are perceived
via some sequence or scanning méchéhism.whidh begins at some reference
point and proceeds even though the eyes are fixéd. This mechanism is
thought to proceed, "in the manner of eye-fixations if eye movements
could be made (Harcum and Dyer, 1962, p. 57)." It is further postulated
that those elements éovered first by this mechanism will produce fewer
recognition errors in report. Harcum and Dyer (1962) also note that

such a primacy effect is a '"general behavioral atfribute and not speci-

.fically a mechanism of visual percepfibn'(ﬁ. 57)." Indeed, Ebbinghaus
(1902) noted a primacy effect in the rote memorizafion of nonsense syl-
lables.

Such an»effec+ has been likened to a scanning of the eyes across a
visual stimulus in‘reading (Bryden, 1960; Heron, 1957; Terra;e, 19591}.
The fact that the primacy effect is in some way analdgous to the process
of reading is fur%her substantiated by_Croéiand (1931,v1939),_whq has
repeafediy found superioh performance for Iéffer positions to the left
of fixation. He has also noted (1939) that the effect is greater for
superior than for inferior readers.

Mnemonic Factors

The function that mnemonic organizing processes have in the primacy
effect has been invesTjgaTedvby Harcum (1964) and Harcum and Skrzypek

(1965). These authors have shown that the discriminability of binary



element pafferns is determined by some organizéfional process of memory
rather than by visual sensitivity as such. When enumeraTing‘several
common processes which seem to have a direcT'relaTionship to the memo-
ry's‘func+ion’in'+he primacy effeéf, Harcum (1967a) included, under the
rubric of information-transiation, "element discrimination, selective
analysis of’berSisfing traces, and the organization ofvinformafion for
sforage}fn mémory‘(p. 51)."

To be sure,lfhe quesTion concerning what happens during the inter-
vening stage when information is being Transtrmed from input to output
is clearly relevant to our understanding of this primacy effect. Some
theoretical sqggesfjons have been offered by Bryden (1967), Harcum
(1967a), Heron (1957), and Lashley (1951) as fo how this serial organi-
zation of information may be concepfualfzed.

White (1970b), in an attempt to analyze determinants of element.
span errors, has outlined the processes involvéd when stimuli are
briefly presented about a reference poihf. When binary element patterns
are exposed, there are refinal Traces:eSTabliéhed—wiTh varying degrees
of strength. An §_Cén only:correcfly report on a limited number of bi-
nary elements. This number def ines the "span df immediate memory (Sper-
uTing, 1960) ." Sperling notes that ‘observers commonly assert they can
see moFe than they can report. Thus, he suggests that the memory sets
a limit on a process that is otherwise rich in available information.

A reasonable assumption is that the nearer the binary element posi-
tions are to a fixation point, the stronger the retinal traces will be.
~However, there is also a good déal‘of evidence (Harcum, 1966; White,
1970b) that stimulus elements az the ends of a line pattern will esta-

1

blish better retinal ftraces than stimuli édjacenT to end positions and



to fixational or foveal positions, that is, those nearer the point of
fixation. ' The reason for this may be ThaT>binary elements in intermedi-
ate positions are spatially masked in the visuél.inpuT stage by "end-
ségfégafed” and "fovea!ly-cénfered stimuli (White, 1970b)." Al+though
the focus of this masking effect is not yet certain, Sperling (1963,

1967) and Weisstein (1966) favor the central storage stage.

Sequential Scanning. When information of the binary pattern is
established in the memory traces, it is immediately +ransmi++ed‘+o a
ShorT—ferm visual storage where a sequential scanning mechanism oper-
ates on it, Such a mechanism operaTeS according to certain habits ac-
qUiréd’ering reading. Harcum (1966) refers to the net effect of these
habits as the "r'" factor which includes certain "components of inter-
element interference or location-confusability of elements, as well as
primacy and recency mechanisms in selective attention (p. 681)."

White (1970b) suggests that sequential or serial analysis of the
brief memory traces is indicated by the fact that overt reporting is
a serial and not a parallel process. Glanzer (1966) reports that an in-
crease in verbalization length results in»a more tilted or skewed serial
position curve and that a similar effect is produced by the reduction of
exposure time. These effects require some amount of +ime, indicating
that encoding of the input occurs sequentially. Harcum (1967a) notes
the similarity of the distribution of errors in the reproduction of ele-
ments within tachistoscopic bafferns To the serial position curve of
errors in rote learning and also implies that "each observation in per-
Acepfion»is a miniature task in serial learning (p. 51)." Thus, the
similar processes involved in the perception of binary patterns and

those involved in serial learning are apparent.



During the sequential scanning process of the stored information,
the memory traces are rapidly fading, and by the time the scan reaches
some of the traces they will have faded below threshold before being
reported. Thus,vs+imuli appearing at the ends of a line and in foveally
prékimaferbosiTions will establish stronger %emory }races Than's+imuli
shown in intermediate positions (White, 1970b). Indeed, Hershenson
(1969) reports results which corroborate these predictions. There is a
gbod deal of evidence supporTing the fact that stimulus elements repor-
ted first produce least errors and those reported late, most errors
(Ayres, 1966; White, 1970a).

.Sperliﬁg (1960i has shown that at the time of stimulus exposure,
and for a few tenths of a second thereafter, observers have two or three
times as much information available as they can later report. Such in-
formation fades very rapidly, and within one second after the presenta-
tion the memory traces no longer exceed the memory span.

End—Seqréggjion Fac*or. Woodworth (1938) suggests that the increase

in errors for centrally located elements may be due to a spatial "mask-
ing," in which the outlines of all elements mutwally inhibit one another,
and binary elements nearer fo the end of the pattern are pfogressively
less inhibited. Woodworth and Schlosberg (1958) note that this effecTH
may be attributed +§ a loss in element contrast with the background for
the embedded elements. On the other hand, Woodworth and Schlosberg
(1954) do believe that there is some kind of a contrast effect operating
which accounts for the fact that the ends of a homogeneous target are
.ordinarily the most identifiable. Harcilm (1957a) referred to the supef:
rior performance for the end elements in pattern percepfion as an "end-

segregation effect'"--suggesting that '"the elements were more salient



percepfual[y because 6f their unique rela+iye spatial positions (Harcum,
1966, p. 689)." Because These end-segregated elements have the most
differentiated positions, they have a clear advantage for storage in the
memory system over binary elements embedded within the conglomeration.
Thus, it is these end-segregated elements which benefit most by the
above-mentioned pfimacy effect, which insures that their swiftly fading
memory traces will exceed the threshold for recollection, whereas more
embedded elements will probably not exceed this threshold.

In some early studies, Harcum and Rabe (1958) suggested that as the
lengfh of the binary'pa+fern is increased, there should be a greater
primacy effect favoring the left because of the greater need for selec-
tive attention. - They argued that if the target is too long for the ob-
server to differentiate the elements at the extreme left, the tendency
for left-to-right scanﬁing'should be reduced. Clearly, with very short.
patterns, a selective perceptual process should not be necessary (Har-
cum, 1964). Tinker (1929) reports evidence Thaf'"responses are more
uniformly correct with shorter series (p. 227)." Thus, Harcum (1964)
reasoned- that, within Ifmifs; Target length shouid be a variable affect-
ing lefTFrighT'differences in percepfuai‘accuracy.

In affempTiﬁg to test the hypothesis that percepfualhacchracy for
tachistoscopic patterns ié determined by processes of mnemonic organiza-
tion, rather than by retinal sensitivity for the individual elements,
Harcum (1964) varied the pattern lengths and/or numbers of binary ele-
ments appearing at each exposure. Binary patterns having both more
A(i, e., 17) and fewer (i. e., 5) elements than previous sTudiés (Harcum,
1958a, 1958b, 1958c) were used in this study. Harcum's prediction was

that with the 17-element targets the observer would be unablie to



differentiate elements on the extreme left and thus be unable to attend
selectively to them. ‘These targets were '"to provide a kind of control
condition in which the data have the best chance to approximate a con-
ventional sensitivity funcfién, because of reduced effects of the left-
Td—righT scanning process (Harcum, 1964, p. 352)." Harcum did not ex-
pect gradients of errors wiTh the :5~element targets because sefecfivé
attention should have been unnecessary.

Although Harcum's (1964) results supported his inifial'hypofhesis
(that perceptual accuracy for tachistoscopic paTTernS'is determined by
processes of mnemonic organization, rather than by visual sensitivity),
the f7—elemen+ Targefs did not exhibit the predicted minima of errors
ﬁear fixation, with equality of errors to the left and right. Since

fewer errors were exhibited for the first several elements on the kfft,

‘Harcum concluded that the subjects apparently were able to differentiate

and attend selectively to those elements.
In light of Harcum's (1964) failure to eliminate the end-to-end
scanning with a 17-element stimulus pattern, another experiment (Harcum,

1969) was'designed, utilizing 28 element positions. ‘The intent of this

experiment was "to prevent the usual consistent directional scanning of

péTTerns, consequently eliminating laterality effects in the perception
(Harcum, 1969, P 504)." As predicted, Harcum's (1969) results demon-
strated symmetrical error distributions for each viewing condition,
with a minima of errors near ffxa+ion. These data were grossly differ-
ent from the usual shape of the error distribution, and They supported
.Harcum's hypothesis.

Predisposition Factors

There is a good amount of evidence which suggests that a "pre-

10



11
exposure set'" may influence perceptual accuracy (e. g. Camp and Harcum,
1964; Haber, 1966; White, 1969).

Camp and Harcum (1964) found that when The-specffig orientation
relative to fixa+i0n-was:unknown to an observer before stimulus expo-
sure, the usual tendency for greater accuracy for elements at the left
could be overcome. This was accomplished when more than half of the
elements had appeared to the left of the fixation point. Camp and Har-
cum suggest that their results furTher support the conclusfon'fhaf the
motor habits discussed by Heron (1957) do have some kind of primacy
over other mechanisms in #his kind of task. |f such'mechanisﬁé prove
To be efficient for a given situation, they retain their dominance.

Camp and Harcum conclude that the form of the respeonse recording affec-
ted the results. Clearly, a subject brings a response-set to the ex-
‘periment, which predisposes him to reéspond perceptually in a fixed man-
ner. |f such a predisposition is not appropriate for the particular
sffua+ion, a previously subordina+e perceptual ﬁeSpdhse emerges to
dominafevfhé behavior (Camp and Harcum, 1964).

In an experiment in which they manipulated pre- vs. post-knowledge
of requiréd reproducTion.sequences for binary patterns, Harcum, Hartman,
and Smith (1963) concluded that the effects of responding sequence alone
cannot account for the hemifield differences, but rather a perceptual
factor apparently corresponds to a sequential analysis of the memory
traces of the exposure. They suggeéT that "fhis'perCepfqal process can
be influenced by the set of the observer to mark his responses in a par-
1+icu|ar sequence (p. 271)."

Harcum (1965), in an experiment which tested the hypothesis that

prior knowledge of isolation is critical for an isolation effect in
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perception, found that only those subjects who knew, before exposure,
that a specific element would be isolated demonstrated an "isolation-
effect” in terms of fewer errors.. Harcum suggested that the effect was
aTTribufable to a selective distribution of attention among stimulus
elements. More recently, Harcum (1968) has argued that different error
distributions are generally caused by differenT‘percepfual strategies,

which are usually established by subjects prior to stimulus exposure.



EXPERIMENT |
Purpose of the Study

The present experimenT has +wQ purposes. The firsf is +oAsys+ema—
tically investigate the "end-segregation effecf,",in which end elements
are perceived more accurately due to their rélafivély unique positions.
An attempt will be made to establish upper and lower thresholds for
.fhis mechanism. |t is evident (Harcum, 1969) that the mechanism is not
-operative when an cbserver is preséhTed with a 28-element stimulus ex-
posure and that it is barely operative with 17-element exposures (Har-
.cum, 1964). The primary quesfiohs that the present study will éddress
itself to are, "at what point does the énd;segregafion effect become
functional?" and "at what point does it no longer seem to be useful?"

In light of the evidence cited above, it was expected that pattern
lengths of 12, 16, and perhaps 20 elements would be most susceptible to
an end-segregation effect. That is, it was expected that these pattern
lengths would have fewer errors for the extreme positions. However, it
was not expected that a 4-element pattern would be as susceptible to
such a mechanism due *o the simplticity of the pattern. On the other
hand, it was predicted that the 28-element pattern, due to its complex—
ity, would pfoduce no end-segregafion, thus réplicafing Harcum's (1969)
findings.
A Although it was expected that there would be an overall increase
in correct responding about fixaTion; this foveal facilitation was
expected to be more emphasized in the longer pattern lengths (i. 9;, 20

13
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and 28 elements). Such,a prediction was made in belief that these
lengths would be so complex that the Ss would probably respond primari-
ly only on foveally located stimuli.

The second purpose of this experiment is to investigate the effects
a predisposition-or se+ may have on The end?segregaTion phenomenon. In
order to study the effeCfs of S's predispOSITIon to respond to a given
pattern length, binary patterns were presented according to a modified
method of |imits (sequential presentation) as well as a method of con-
stant stimuli (random presentation). Thus, it was expected that those
Ss presented wTTh exposures via a,modified method of limits would have
fewer errors due fo the fact that they should be approaching the experi-
ment with some predisposition. ThaTris, they would know how many ele-
ments fto expect on succeeding Triais;,whereaé Ss in the random presen-
tation condition would not have such information with which to approach_
their task. Such resulTs are predicted on the basis of previous evidence
presented for the effect of pre—exposural set on perceptual accuracy
(e. g., Camp and'Harcum, 1964; White, 1969). Predicted results would
corroborate Harcum and Friedman's (1963) findings that orderly sequen-
tial presentation of binary elements produces superior peﬁformance for
individual Ss when the sequence pfOcéeded from the end demdns+ra+ing
more errofs in the control, random presentation condition.

Another prediction was that there would be fewer errors in the di-
recfionn%oward'which‘§§' eyes initially moved after the exposure. It
was expected THaT'such,movemenf would generally be to the left of fixa-
'?ion. Bryden (1960, 1961) and Crovitz and Daves (1962) repdr+,da+a
which supported suCh‘pfedicTions and which are clearly consistent with

the theoretical position outlined above. Considering evidence presented



by Ayres (1966) and White (1970a), it was also expected that fewer
errors wQQId occur: among Thbse élemenTS which were reported first in
the response sequence.

A unique confribution of the presenT study is Thafrif employs pat-
tern length as a major,variable which will be systematically presented
to each of the Ss. Thus, the above-mentioned mechanisms will be inves-
tigated aéyfac+ors,defermining di fferent response distributions.

Method
Sub jects

The Ss were three, righf—handéd, experimental ly naive women under-
graduafe students of The College of William and Mary. Each S was paid
for her services and each had 20-20 vision or better. Handedness and
visual capacity were determined by self-report.

Apparatus -

A modified Harvard-type fachistoscope was used in this experiment
(Camp, 1961). Two four-watt fluorescent tubes illuminated the pre-ex-
posure field at approximately 2 ft-L. A small "x," cdnsisfing of two
.5 mm. Ifnes located in the center of this field, served as the fixation
point. Four"four—waTT fluorescent tubes illuminated the exposure field
at approximafely-1.5 ft-L. The binary patterns were horiéonfalty loca-
ted in this field; the center of the pattern was at the same vertical
height as the fixafion~poin+4 Exposure fime was. controlled by a Lafay-
ette 12-MC electronic interval timer, which was set to yield an exposure
duration of approximatély 150 msec. for the stimuli.

The binary patterns were constructed by typewriting a horizontal
row of zeros on white stimulus cards and filling in various zeros with

black India ink. Each element was 13.2 in. through the horizontal



diameter, wifh spaces between elements subtending 17.6 in. Total
lengths of patterns subtended from 1.99 for +he.4-e|emen+ pattern to
13.4° for the 28-element pattern. There were either 4, 12, 16,v20, or
28 blackened or open binary elements arranged to produce different sti-
mulus patferns. Half of the given number of elements which appeared on
any one exposure appeared on each side of fixation, with each element
position blackened equally often and with half of the elements blackened
on each side of fixation in each exposure. The binary pa++erns used are
reproduced in Appendix A.
Procedure

'Thé general procédures fol lowed were similar to those of previous
studies concerning'fachisfoscopic perception of binary patterns (e. g.,
Camp andearcum, i964)g However;'fhere were deviations from +his_gene—
ral procedure so that certain factors such as pattern length and pre-
disposition or set phenomena could be studied within the experimental
design.

The experiment was conducted uSing each S as her own control.
Treatments were according to the following order so as to minimize prac-
tice effects:

S1 ‘Random Ascending Descending

So Ascending Descending Random
S3 Descending Random Ascending

A .
When Ss were undergoing the ascending condition (sequential expo-

eres), they began with patterns of 4 element positions and gradually
‘worked up to patterns containing 28 element positions. Increases in
number of element positions were made on successive experimental ses-

sions. The descending sequential exposures were mirror images of the

16
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ascending presentation. The random condition .included exposures ranging
from 4 to 28 element positions. Order of presentation was designated
according to a random numbers table with the restriction that no more
’fhah'fwo patterns of the same length appeared succeedingly and each
‘IehQTh appeared an equal number ofrffmes.

Each S was completely briefed on the nature of the experimental
design, xlg,, the order in which The‘differenf conditions would be pre-
seﬁ+ed to her. Before each session, Ss were asked fto read an instruc-
tion sheet describing the experimental task (see Appendix B). Experi-
mental sessions consis+ed of ten practice or warm-up trials and forty
Tesf‘exposufes;~>The second half of the exposures consisted of the first
twenty targets turned upside-down and their respective mirror images
presented. Each S normally completed only one session on a given day,
and a session lasted approximately forty minutes.

‘Eye movements were recorded by a portable E & M Instrument Company
Physiograph Model Fpur. Silver disc electrodes were attached (pasted
with Grass Electrode Paste and then taped) to the immediate left side
of §'s left eye and also to the right side of her left eye on the bridge
of her nose. An additional ground electrode was attached to her left
ear |obe.

The S's fixational accuracy was mainfained by instruction. She
was informed that her eye movements wére being recorded and that a sti-
mul us Q0uld~be presented only after E said '"ready" and the polygraph
output indicated that she was in fact fixating on the fixational cross.
-§§ were instructed to continue fixating until the stimulus was presen-
ted and then promptly to mark on the response sheet their reproduction

of the pattern that was presented. The response templates contained a



horizontal row of the presented number of typewritten zeros.

In order to minimize the possibilify of any pre-exposural set on
the part of Ss in the random condition, response ftemplates were provided
while The Ss were fixating on the fixation markgr. A similar procedure
was followed in sequential conditions so as to maintain +jming controls.
The order of S's sequence of responses was recorded by E, who furnished
the stimulus templates from the back of the tachistoscope. Such record-
ings were concealed from'§;

An error was scored each time S marked an open element in the sti-
mulus pattern as filled or left a blackened element unfilled. Errors
were tallied as a function of pattern length and serial position of the
elements for each §_under each experimenTal condition.

Resul s

The results showed an end—segregafion'effecf for pattern lengths
of 4, 12, and 16 elements and no end-segregation for pattern lengths of
20 and 28 elemenfs,_‘Laferalify diffekences were also significan+ show-
ing a significantly larger number of correct responses fo the left of
fixation as compared to the right. There were no significant differ-
ences between different orders of presenfafion. A high agreemenT was
found befween Ss' initial overt responses, correct responses, énd eye
movements.

The mean proportion of correct responses at each element position
for each of the five pattern lengths is presented in Figures 1 - 4. It
is apparent in Figure 1 that there is a clear end-segregation effect for

1+he 4-element pattern. The curve representing correct responses to the
12-element paTTerh also shows end-segregation. However, here it is only

the left end that is responded to more accurately. Figure 2 shows the
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FIGURE 1
MEAN PROPORT ION CORRECT RESPONSES AT EACH ELEMENT POSITION

FOR THE >4— AND | 2-ELEMENT PATTERNS
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FIGURE 2
MEAN PROPORTION CORRECT RESPONSES AT EACH ELEMENT POSITION

FORAI6-ELEMENT PATTERNS
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FIGURE 3
MEAN PROPORT ION CORRECT RESPONSES AT EACH ELEMENT POSITION

FOR 20-ELEMENT PATTERNS
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FIGURE 4
MEAN PROPORT ION CORRECT RESPONSES AT EACH ELEMENT POSITION

FOR 28-ELEMENT PATTERNS
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response curve for the 16-element pattern. 1t is clearly similar to
that of the 12-element pattern; however, the left end is not responded
to quite as accurately. Figures 3 and 4 presenf‘proporTion correct
response curves for- 20- and 2Z28-element pattern lengths respectively.
There is no apparent end-segregation shownrin these curves.

A four factor, factorial analysis of variance with repeafed mea-
sures on the last two factors Was done on the mean proportion correct
responses at different element positions. The four factors tested
were: - pattern length (A), ordervof presentation (B), laterality (C),
and end-segregation (D). Mean scores for the 4- and 28—elemen+.paf+erns
were omitted from this first overall analysis, because it seemed that
some type of masking phenomenon might have biased the results of the
analysis in favor of end—segregafion. (This problem is studied further
In Experiments 111, 1V, and V.)

Table 1 presents the summary table for this ‘analysis of variance.
As can be seen from this table, the length of the pattern was signifi-
cant (FZ, 18 = 28.09, p < .001), and the magnitude of the effect (Fried-
man, 1968) was large with rp, > .9. Multiple t-tests were performed to
compare response differences to the various pattern lengths. It was
found that there were signfficah+ly more correct responses to the 12-
element pattern as compared to both the 16-element pattern (+;g = 6.83,
p < .001) and the 20-element pattern (t;g = 6.09, p < .001). However,
the difference between patfterns of 16 and 20 elements was not signifi-
cant.

The order of presentation was clearly not significant, as shown in
Table 1.

Laterality differences were also significant (Fy 44 = 11.84, p <



ANALYS IS OF VARIANCE

TABLE

SUMMARY TABLE

Source; df MS F
Between Groups 26
Pattern length (A) 2 153.66 28.09 p < .00}
Order of Presentation (B) 2 2.00 .36
AXB , 4 4.3 .79
Subjects Between Groups 18 5.47
Within Groups 135
Laterality (C) | 81.88 11.84 p < .005
AXC 2 23.88 3.45
BXC 2 5.8 .84
AXBXC 4 2.13 .31
C X Subjects Within Groups 18 6.91
End-Segregation (D) 2 110.69 20.55 < .00l
A XD 4 13.34 ©2.47
B XD 4 2.16 .40
AXBXD 8 5.20 .96
D X Subjects Within Groups 36 5.39
CXD 2 20.22 4.17 < .025
AXCXD 4 19.53 4.03 < .05 .
BXCXD 4 3.23 .67
AXBXCXD 8 7.1 | .47
C X D X Subjects Within 36 4.85
Groups
Total 161
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.005, ry = .6). There was a significantly larger number of correct
responses to the left of fixation as compared to the right.

The end-segregation factor was tested by averaging correct respon-
ses into fhree groups of mean scores. The first mean consisted of cor-
rect responses for~+hev+wo left-end element posf?ions; the second mean
consisféd of scores:for elemenf_posi%ions between the two left-end posi-
tions and the two right-end positions, and the third mean ;onSisTed of
scores for the two right-end element positions.

As is apparent in Table 1, the end-segregation factor is signifi-
cant (FZ, 3¢ = 20.55, p < .001, rn > .7). Multiple t-tests were per-
formed comparing the ends of the paTTerns.wah the middle and the mean
ccrrecT_response-for»The'Two left-end elements significantly differed
from that of the middle elements (tzg = 23.07, p < .001) and from that
of the two right-end elements (t35 = 29.83, p < .001). The middle ele-
ments also sjgnificénle differed from the two right-end elements (tzg
=6.76, p < .001). |

As shown 1ﬁ‘Table 1, the laterality by end-segregation (C x D) in-
teraction is significant (FZ, 36 = 4.17, p < .025, rp, = .45). Figure 5
presents mean proportion correct responses for different eccenfricifies.
Eccentricity consists of six scores of mean correct responses. The first
mean score consists of correct responses to the two left-end elements;
the second consists of correct responses +o elements between the two
left-end elements and the two elements to the immediate left of fika+ion;
and the third mean score consists of correct responses to the two ele-
.men+s to the immédiafe left of fixation, Mean scores to The_righf of
fixation were derived in a like manner. |t is clear from this curve

that fhe»leff—mosf elements were responded to more accurately overall.
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FIGURE 5
MEAN PROPORTION CORRECT RESPONSES AT DIFFERENT ECCENTRICITIES

FOR ALL PATTERN LENGTHS
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Multiple t-tests were performed comparing differences between
mean correct responses. The t-values for all possible comparisons
are presented in Table 2. As is shown in this tabie, all comparfsons
are at least significant at the .05 level except those for the res-
ponses to the middle and right elements to the left of fixation; and
those to the immediate IefT of fixation as compared to those to the
middle-right of fixation. It is apparent that all comparisons made
with the mean proportion correct score for the left-end element posi-
tions are‘sighificanf (p < .001). Comparisons made with the mean score
for the right-end element positions are also significant (p < .05).

It is also apparent in Table 1 that there is a small buT signifi-
cant interaction (F4’ 3 = 4.03, p < .05, rp = .55) between pattern
length (A), laterality (C), and end-segregation (D). Dunn's Multiple
‘Comparison Procedure was used to compare the differences among means
involved in this interaction. These differences are presented in
Table 3. Largest mean‘differences were found between 12-element péT—
terns as compared to 16- and 20-element patterns. Differences were
largest for a given paftern when the extreme left positions were com-
pa}ed to other positions on either side of fixation.

A measure of agreement between §§' initial overt responses, cor-
rect responses and eye movements was calculated employing a Chi-square
Test. As shown in Table 4, this agreement was found to be significant
(p < .001). The magnitude of the agreemen+ was also quite large.

A second four factor, factorial analysisvof'variance was done on

+the mean proportion correct responses. This analysis differed from

the first one in fhaf data for the 28-element pattern was included. The

results of this analysis showed the pattern length factor not to be
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T VALUES COMPARING DIFFERENCES BETWEEN LEVELS OF LATERALITY (C,-

TABLE 2

left, Co- right) AND END-SEGREGATION (D|- left, Dy,- middle, Dz~ right)

CD by €Dz C2D, C202 C203
C;Dy == 16.99%** 18.26%%% 14,1 8%%% 20, | 7*** 22.24%%%
C|D2 —_——- 1.27 2,80%*% 3. | 9** 5.26***
Clo3 -—— 4,07%%% 1.92 3.,99%%¥
C,0, -—-- 5.99%*x 8.06%**
c.D -—— 2.07*
22 ,
c.D ———
2°3
*p .05
**p .01
*¥%¥p < .001
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TABLE 4 -

AGREEMENT OF INITIAL RESPONSES, CORRECT RESPONSES AND EYE MOVEMENTS

Subject All Not All p r

Agreement Agreement m
I 243 194 < .00l .58
2 185 128 < .00l .78
3 203 152 < .00} .80
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significant. |t also showed the lafterality by end-segregation inter-
action not to be significant.
Discussion

The results of the present experiment indicate that an end-segre-
gation effect is more apparent for the shorter as cdmpared to the Idng-
er pattern lengths. However, all the response distributions ob+ained
are not consistent with earlier predictions. Noting Harcum's (1964)
findings, i+VWas expected that the 4-element pattern would be so sim-
ple that a selective perceptual process would be unnecessary. It was
also predicted that the 20f and 28-element patterns would produce
response curves showing‘a minima of errors about foveal fixation.

A possible explanatior for the lack of foveal facilitation. found
in the resulting response distributions might be due to errors of mis-
focation. This possibility is especially likely since the response
templates used in the present study differed from those used in many
previous studies in that there was no center marker on the response
template corresponding to the fixation marker. Such a procedural
difference apparently el iminated the Ss' most valuabte reference point,
thereby maximizing the possibility of errors of mislocation.

In discussiﬁg errors of miérocaTion, Derks, Cherrylana Larson
(1969) emphasize the importance of a "collapsing" stimulus. They sug-
ges+ that if a pair of dots are perceived as a single element (col-
lapsed sTfmu+us), then all adjacent dots will be reported one position
closer to the collapsed'pair. Clearly, the absence.of a center refer-
ence marker in the present study would optimize the probabifffy of Ss'

collapsing stimuli. That such a phenomenon is more prevalent among

the centrally located elements is consistent with the present theoretical
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position of end-segregation.

Although responses to the 12- and 16-element patterns were also
affecfed’by the lack of a cenfer‘%arker, these patterns were responded
to more accurately at their left end. These results corroborate pre-
viously reported data (e. g., Harcum, 1964), and they lend further
evidence for a 'primacy effect" which scans the stimulus pattern from
one end to the other. The stronger primacy effect for the 12- as com-
pared to the 16-element patterns further suggests that response accu-
racy decreases as the amount of information to be reported increases.
This ‘interpretation is consistent with the formulations of Harcum and
’Rabe'(1958).

The apparent lack of any such primacy effect for The'paTTerns of
20- and 28-elements sugges+s two possibilities: either Thesé patterns
extended so far into peripheral vision that they had no perceivable
ends to serve as reference points; or, they simply were too complex so
that such a mechanism was unable to organize the stimuli effec+iVefy
and aid in their retrieval. The lack of a primacy effect for the 28-
element pattern agrees with Harcum's (1969) findings and the similar
performance for +he‘20—elemen+ péTTern,suggeSTS that this length is
also ftoo long for effective end-to-end scanning.

As predicted, the laterality factor in the present study was sig-
nificant. The 12- and 16-element patterns contributed most to this
significance with pafferns of 4-, 20-, and 28-elements prodﬁcing nearly
equal performance on either side of fixation. The observed left-field
‘superiorify corroborates much previous research cited earlier (e. g.,
Harcum and Dyer, 1962).

The finding indicating that there was no significant difference in
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error distributions between the different orders of presentation is
not easily explained. Although it was not expected that there would
be any differences between ascending and descending conditions, a dif-
ference between these conditions and that of the random presentation
was expected. A possible cause of these results might be the accuracy
of the S's fixation. In the present study, eye movements were moni-
tored such that a stimulus was not presented until S was clear!y ready
and fixating. Ss were informed ThaT Their eye movements were being
recorded, and they were instructed to remain fixafing until the sti-
mulus was presented. Given such stringent ch+rols; it is assumed
that the Ss maintained relatively accurate fixation. However, it is
poésible.fhaf the strict control of fixation accuracy was responsible
for the lack of response differentiation among orders of presentation.

Another possible explanation for the lack of significant differ-
ences between orders of presentation might be the experimental sophis-
tication of the Ss. Perhaps such well—expériehced Ss believed if un-
necessary to take advantage of the additional information made avail-
able in the ascending and descending conditions. In any case, after
a few experimental sessions, boredom'facfbrs also might have reduced
The,effecffveness of a pre-exposure set.

The high agreement found between Ss' initial overt responses,
number of correct responses, and eye movements, is consistent with
earlier predictions. These da;a‘corroborafe with results reported by
Bryden (1960, 1961) and Crovitz and Daves (1962) which‘éugges+ that
.inifial eye movements are made to the left of fixation and there is
greater accuracy found here. The results are also consistent with

White's (1970a) findings that fewer errors occur among those elements
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which were reported first in the response sequence (i. e., those to the
left of fixation). AHhough the present data suggest a high correla-
tion between overt responses, number of correct responses and eye move-
ments, they provide no information as to the causality of these pheno-

mena.



EXPERIMENT 11
Purpose of the Study

Experiment | utilized patterns of 28 elements as well as patterns
of 4, 12, 16 and 20 elements in an investigation of the end-segregation
effect. The 28-element pattern was used fto study S's response to such
a complex stimulus with a minimal predisposition or response set, as
well as to replicate Harcum's (1969) findings. However, it should be
realized that although Harcum's data and those reporTedrin Experiment |
clearly suggest that the very complex stimulus patterns eliminate
end-segregation, +ﬁere are two possible interpretations of these re-
sults, as previously noted. 4Ei+her the end’elemenfs are not accUraTely
reproduced because they are not seen due to sehsifivify factors (i. e.,
their peripheral location), or perhaps these patterns are so complex
that the more extreme elements are masked by one another.

Experiment || was designed to investigate if end elements of the
five designated pattern lengths used in Experiment | could be repro-
duced whenipresenfed without interference from infervening stimulus
elements. |t was predicted that such elements would be reproduced
with a minima of errors, certainly with fewer errors than are found
among these same positions when many elements are presented within
the same panern length.

Method
Sub jects
 The Ss were thirfeen right-handed women undergraduate students of
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The Cbllege of William and Mary. Three of these Ss were those who par-
ticipated in Experiment |. The remaining ten were experimentally naive.
Each S was paid for her services and each had 20-20 vision or better.
Apparatus

The tachistoscope was .identical fo that used in Experiment 1.
However, the stimuli and The<response—recordfng sheets were different.

The binary paTTerns were constructed by typewriting a horizontal
row of four zeros on whife sfimplus cards and filling in one zero on
either side of fixation such that each element position was blackened
equally often. Each element was 13.2 in. through the horizontal dia-
meter, with the space between the end elements subtending 17.6 in.
Total lengths of patterns subtended from 1.9° for the 4-elément pat-
tern length to 13.4° for the 28-¢lement pattern length. There were
eifhér 4, 12, 16, 20 or 28 element pattern lengths, each correspond-
ing respectively to the pattern lengths used in Experiment |. Thus,
the four elements always consisted of the ftwo end elements, on either
side of fixation, of each respective length. The_binary patterns Used
are reproduced in Appendix A.
Procedure
| Each pattern length was presented eight times. The presentation
prdéf of different lengths and patterns was designated according fo a
random numbers table with the restriction that no two lengths or
patterns appeared succeedingly and each length appeared an equal num-
ber of times.

Before each session, Ss were asked to read an instruction sheet
describing the experimental task (see'Appendix B). Experimental ses-

sions consisted of ten practice trials and forty test exposures. The



second half of the exposures consisted of the firéTAfwen+y targets
turned upside-down and their respective mirror images presented. Ses-
sions lasTed_approximaTely‘Thirfy minutes.

The Ss' fixational accuracy was maintained by instruction, and
her eye movements were recorded as in Experiment |.

In order to minimize the possibilify‘of any pre-exposure set on
the part of Ss, response-recording templates were provided while Ss.
fixated on the center marker. Response templates contained a‘horizon—
tal row of the presented paT*ern—Iengfh of 4 elements. Errors were
scored as in ExperimenT .

Resuifs

The data were tabulated separafely for the experimentally naive
and experienced subjects. Mean proportion of correct responses were
calculated for each pattern length at each element position. These
proportions are presented in Tables 5 and 6.

As "is shown in Table 5, fewer correct responses were made for
stimuli of the 28-element pattern length tThan were made for any other
pattern length. However, it should be noted that the .69 and .70
proportions found at these extreme positions are BeTTer than the .50
proportion that would be expected by chance. Similarly, Table 6 shows
the experienced Ss responding to the 28-element pattern length with
fewer proportion correct than on other pattern lengths. Again,'prof
portions shown (.76 and .75) are above chance performance.

A'comparison of Tables 5 and 6 shows that the practiced Ss do
slightly better on the 28-element pattern length than do the less prac-
ficed Ss. However, this better performance is not consistent and in

the 16- and 20-element pattern lengths the performance of the naive Ss
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TABLE 5
MEAN PROPORTION CORRECT RESPONSES FOR EACH PATTERN LENGTH AT EACH

ELEMENT POSITION FOR EXPERIMENTALLY NAIVE SUBJECTS (N = [0)

Number df_ - Element Position ,
__Spaces I ‘ 2 : 3. ’ 4
4 .87 .87 .85 .85
12 .94 .94 91 91
16 .86 .86 .92 .92
20 .84 .84 .80 .80
28 .69 .69 .70 .70

TABLE 6

MEAN PROPORTION CORRECT RESPONSES FOR EACH PATTERN LENGTH AT EACH

ELEMENT POSITION FOR EXPERIENCED SUBJECTS (N = 3)

Number of Element Position
Spaces [ 2 1 3 4.
4 .96 .96 91 .91
12 [.0 1.0 .96 .96
16 .96 .96 .79 .79
20 .83 .83 .79 .79
28 .76 .76 .75 .75

39



40

surpasseé that of the experienced Ss.

I+ should be noted also that both groups performed best with the
12-element pattern lengths.

Discussion

The findings of The‘preéenf experiment suggest that the Ss are
capable of seeing +h¢ extreme positions of each pattern length employed
in Experiment |. Thus, the implicit supposition made by Harcum (1969)
is suppoffed. |

Although The’daTa indicate that most exfreme stimuli are responded
to with fewest correct responses, respondingAbehavior does not consis--
tently improve as the pattern length decreases. Indeed, the 12-element
“IengTh is reproduced most accurately by both groups of Ss. Such res-
ponding behavior suggests that sensitivity factors are not determining
which elements are most accurately reproduced. Thus, the data are con-
sistent with the genefal theoretical position ftaken in this paper.

The fihd{ngs of Experiment | which indicate no end-segregation
for the 20- and 28-element patterns may noT.be attributed fo Ss' in-
ability tfo see the end elements. Rather, a more consistent interpre-
Tation suggesfs-fhaf pcor response performance for these end elements

is due fo the complexity of the stimulus array.



EXPERIMENT 111
Purpose of the Study

The proportion correct distributions for the 28-element péTTerns
in Experiment | indicated complefe[y haphazard performance. Such re-
sults did not agree with predictions made in iighf of Harcum's (1969)
findings iﬁ which he used identical stimulus patterns.

It was reasoned that an explanation of the data might be that
Harcum's Ss responded on templates which had a small "+" marker lo-
cated in the cenfer of the response_pa++ern whereas Ss in Experimenf I
had no such center marker. Thus, j+ was possible that because of a
lack of reference point on the response TeﬁpIaTe corresponding to the
fixation point on the stimulus pattern, Ss were unabfe to localize
their responses.

Experiment |1l was designed to ftest the hypothesis that Experiment
| was unable to replicate Harcum's (1969) findings due to a procedural
difference; i. e., no center marker on the response sheet. Thus, in
Experiment |11 +he tesponse—recording sheets consisted of a row of
twenty-eight blank zeros bisecfed'by a émail "+," which represehTed
Tﬁe fixation cross. Usfng Thisvfype of responsé»form, it was hypo-.
thesized that resulting disTribuTibns of proportion correct responses
as a function of element position would show an increase inAcorrecf

responses near foveal fixation.

Method

Sub jects
41



The Ss were thirteen right-handed women undergraduate students of
The College of William and Mary. Three of these Ss were those who
participated in both Experimenfs I and 11. The remaining ten Ss were
experimentally naive. Each S was paid for her services and each had
20-20 vision or better.
Apparatus

The tachistoscope and the 28-element pa++ernsvwere identical to
those used in Experiment |. However, the response-recording sheets
differed in that the row of 28 zeros was bisected by a small "+,
which represented the fixation cross.
Procedure |

The 28-element patterns were presented exactly as they were pre-
sented in the sequential condition of Experiment 1. Before each ses-
'sion, Ss were asked to read an instruction sheet describing the ex-

perimental task (see Appendix B). Experimental sessions consisted of

ten practice trials and forty test exposures. Sessions lasted approxi-

mately forty minutes.

Procedures concerning eye movement recordings and scoring were
identical to those of Experiment I.

Results

The data were plotted separately for the experimentally naive and
experienced §§. Figure 6 shows the mean proportion of correct respon-
ses at each element position for both groups of Ss. |1 is apparent
from this figure that neither group of.§§ responded differentially for
any given element positions. The curves indicate chance performance.

Figure 7 shows -the mean proportion of errors of commission at

each element position for both groups. This figdre clearly indicates
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FIGURE 6

MEAN PROPORTION CORRECT RESPONSES AT EACH ELEMENT POSITION
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FIGURE 7

- MEAN PROPORTION COMMISS ION ERRORS AT EACH ELEMENT POSITION
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that the Ss were responding less to the center 4 binary elements. Al-
- Though This effect is shown for both groups of Ss, the naive Ss respon-
ded less at these positions than did the experieﬁced Ss.

Discussion

The mean proportion of correct responses suggests chance perform-
ance at all element positions. Such results are clearly inconsistent
with the prediction that there would be an increase in correct respon-
ses abOUT foveal fixation.

Upon-inspecfion of the error distribution curves, in which errors
of commission were tabulated and plotted separately, it was noted that
Ss were nof responding to the foveally located stimuli. Such respond-
ing behavior is incongruous with the theoretical arguments made above
as wél{ as confrary to any common sense notion of what might be expec-
ted.

The relative absence of correct respohées as well as errors of
commission among center elements sygges+ed that for some reason, either
Ss were not seeing these elements, or, if they were seeing them, they
were not responding correctly. A possible cause for such a bhehomenon

seemed to lie in a temporal masking due to the fixation marker.*

*Peter L. Derks--personal communication.
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EXPERIMENTS |V AND V
Purpose of the Studies
Both Experiments | and |l yielded proportion correct diéfribu—
tions for the 28-element patterns which indicated chance performance.
Predictions made from Harcum's (1969) resulfs in which he used identi-
cal stimuli, find no support in these data. Nor do they support the
hypothesis in Experiment || which suggested that the chance perform-
ance found in ExperimenTYI was due‘To Ss' not having a_reference point
on the response sheet corresponding’fo the fixation markér.
Experiments IV and V were designed to investigate the possibility
that the negative results found in Experiments | and Ill, utilizing
28-element pattern lengths, mfghf be explained in terms of a temporal
masking caused by the fixation marker. Thus, the present ekperimenfs
utilized a much smaller fixation marker so as to minimize the possi-
bility of such a masking effect.
Method: Experiment IV
Sub jects
The Ss were eight righf—handed women undergraduate students of
The College of William and Mary. Three Qf these Ss were those who
parficipafed in Experiments |, Il and Ill. The remaining five 5s were
experimentally naive. Each S was paid for her services and each had
20-20 vision or better.
Apparatus
The tachistoscope, the 28-element patterns and the response-
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recording sheets were identical to those used in Experimen+ 1. How-
ever, the fixation marker in the present experiment was a very small
"x" consisting of fwo 2 mm lines located in the center of the pre-ex-

posure field (the previous fixation marker consisted of two 5 mm lines).

Procedure
The procedures followed were identical to those of Experiment 111.
Method: Experiment V
Sub jects

The Ss were eight right-handed women undergraduate students of
The College of Wi(liam and Mary. Three of these Ss were those who par-
ticipated in the previous four experiments. The remaining five Ss were
experimental ly naive. Each S was paid for her services and each had
20-20 vision or better.
Apparatus

The tachistoscope, and the 12-element stimulus patterns were iden-
tical to those used in the Sequential Conditftion of Experihen+ I. The
fixation marker was identical to that used in Experiment 1V. The
response-recording sheet patterns consisted of twelve zeros bisecfed
by a small "+" marker.
Procedure

The procedures followed were identical to those of Experiments 111

and |V.

-

Resul ts
The data from Experiments IV and V were analyzed together. The
‘resulfs showed that the tength of the pattern and eccentricity were
significant factors. The size of the fixation marker was found to sig-

nificantly interact with both pattern length and eccentricity. It was
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also found that both laterality and end-segregation were significant
factors. These also infefacfed significantly.

Figure 8 presgnfs the mean proportion of correct responses, at
each of the 28-element positions for group 2 (the experienced Ss) and
for group 3 (the experimentally naive §§5.» (Also presented in this:
figure is the response distribution to the 28-element pattern obtained
in ExperimenT I. Group 1 consists of the experienced Ss perfdrming
with a large fixation marker.) As is apparent in Figure 8, both
groups 2 and 3 performed considerably better to the center stimuli
than did group 1.

‘Figure 9 presents the mean proportion of correct responses, at
each of the 12-element positions, for group 2 (the experienced Ss) and
for group 3 (the experimentally naive Ss). (Also presented in this
figure is the response distribution to the 12-element pattern obtained
in Experiment |. Group 1 consists of the experienced Ss performing
with a large fixation marker.) AsAis also apparent in Figure 9, bdfh
groups 2 and 3 performed considerably better to the center stimuli
than did group 1.

A three factor, factorial analysis of variance was performed on
the mean proportion of correct responses at different element posi-
tions, This first analysis considered the responses of the experi-
enced Ss tfo Thé 12- and 28-element patterns under both the small and
large fixation marker conditions. Tﬁe three factors tested were:
size of the fixation marker (A),vpaTTern length (B), and eccentricity
.(C). Table 7 presen%s the summary table for this analysis. As can be
seen from this table, pattern length was a significant variable (FI, >

= 30.84, p < .05, rqp > .9). A significantly larger proportion of -
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FIGURE 8
MEAN PROPORTION CORRECT RESPONSES AT EACH ELEMENT POSITION

FOR THE 28-ELEMENT PATTERN
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FIGURE 9
MEAN PROPORTION CORRECT RESPONSES AT EACH ELEMENT POSITION

FOR THE |2-ELEMENT PATTERN
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TABLE 7
ANALYS|S OF VARIANCE SUMMARY TABLE

FOR SIZE OF FIXATION MARKER, PATTERN LENGTH, AND ECCENTRICITY

Source ' df MS " F
Subjects 2
Size of Fixation Marker (A) ! 75.44 4.1
Error 2 18.37
Pattern Length (B) ! | 112,25 30.84 .05
Error 2 3.64
Eccentricity (C) 5 | 72.75 7.00 ol
Error 10 , 10.39
A X B | 1.30 .3
Error 2 4,24
AXC 5 | 47.25 4.65 .05
Error 10 i0.17
B XC 5 24.99 4.44 -.05
Error 10 5.63
AXBXC 5 9.67 .34
Error , 10 7.23
Total 71
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correct responses was made to +heu12-elemen+-pa++érn.

As shown in Table 7, the eccentricity (C) factor was also signifi-
cant (FS, 10 = 700, p < .01, ry > .9). This factor consists of three
mean scores on either side of fixation. The first mean score consists
of correct responses to the two left-end element positions; the second
consists of correct responses to elements between the two jef+—end
elements and the ftwo elements fo the immediafe left of fixation; and
the third mean score consists of correct responses to the two elements
to the immediate left of fixation. Mean scores to the right of fixa-
tion were derived in a like manner. Figure 10 presents the mean pro-
portion correct responses for differen+ eccenfricities. It is‘clear
‘from this curve that the centrally located elements were responded to
most accufafely. The end elements were reproduced least accurately.
with performance on the left end sligthy'beTfer than that on the right.

MulepIe t-tests were performed comparing differences between mean
correct responses. The t-values for all possible comparisons are pre-
sented in Table 8. As shown in this table, responsesbfo the two ele-
ments on either side of fixation are significantly different from both
the right-center elements (t1g = 4.14 and 3.92, p < .01) and the right-
end elements (19 = 4.39 and 4.1%,vp < .01), respectively. Responses
to Therleff—end elements and the left-center elements also significantly"
differed from those to the two elements to the left of fixation (T]O =
2.46 and 2.42, p < .05). It is also apparent that responses to the
left-end elements significanfly di ffered from those to the two elements
to the right of fixation (f;y = 2.24, p < .05).

Table 7 also shows that the size of the fixation marker (A) signi=

ficantly interacted with eccentricity (C) (F5 10 = 4,65, p < .05,
s



FIGURE 10
MEAN PROPORTION CORRECT RESPONSESlAT DIFFERENT ECCENTRICITIES

FOR BOTH PATTERN LENGTHS



z A - N L /
) (o) ) o 7 \ll
9 © 0 N

SISNOCSIY 1238809 NOILYOdONd NVIW

ECCENTRICITY



TABLE 8

+ VALUES COMPARING DIFFERENCES BETWEEN LEVELS OF ECCENTRICITY (C,-C,)

1776
c, C, C, C, Cs Ce
C, _— .045 2.46% 2.24% 1.68 .92
c, _— 2.42% 2.19 .73 .97
Cs _— .219 4. 4%% 4 ,39%%
c, — 3.,90%* 4. | 7**
Cs _— .242
6
*» < .05
¥*p < .01
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m > +9). Multiple t-tests were performed comparing differences between
mean correct responses éT levels of ‘A and C. The t-values for all pos-
sible comparisons are presented in Table 9. It fs apparent from this
table that the most significant differences are between the cenfer four
elements, with the small fixation marker. There are also some signifi-
cant differences between the center elements and the righ+-énd elements
with the small fixation marker.

The pattern length (B) by eccentricity (C) interaction is also sig-
nificant (F5’ 10 = 4.44, p < .05, rp, > .9). Multiple t-tests were péh—
formed comparing differences afnlevels of B and C. "The t-values for all
possible comparisons are presehfed'in Table 10.

A second three facTore factorial analysis of variance was performed
on the mean proportion of correct responses at different element posi-
tions. This analysis considered the respohses of experimentally naive
Ss to the 12-element and the 28-element patterns using a small fixation
marker. The three facforsATesfed were: pattern length (A), laterality
(B) and end—segregéfion (C). Table 11 presents the summary Table'for
this analysis.

As shown in Table 11, the laferaITTy (B) factor was significant.

(F; g = 11.95, p < .01, rp > .75). There were significénij more cor-

,
rect responses made to elements to the left of fixafidn as compared to
the right. The end-segregation (C) factor is also significahT (FZ, 16
= 10.95, p < .01, rp > .75). This factor considered three mean scores.
The first consisted of correct responses to the two left-end elements.
The second consisted of correct responses to elements beTween;Thg two

left-end and the two right-end elements and the third mean consisted of

correct responses to the twe righT—end elements. Multiple t-tests were
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TABLE ||

ANALYSIS OF VARIANCE SUMMARY TABLE

FOR PATTERN LENGTH, LATERALITY AND END-SEGREGATION

Source df MS . F
Between Sub jects 9
Pattern Length (A) ! 47.52 3,27
Sub jects Within Groups 8- 14.53
Within Subjects 50
Lateral ity (B) | 16.01 11.95 p < .0l
A XB : I .83 .62
B X Subjects Within Groups 8 .34
End-Segregation (C) 2 67.88 10.95 p < .0l
A XC 2 19.42 3.13
C X Subjects Within Groups 16 6.20
BXC 2 141.39 9.03 p < .0l
A XBXC 2 25.74 | .64
B X C X Subjects Within Groups 16 15.65
Total 59
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performed to investigate the differences befween these means and they
showed that correéf‘responses to the middle elements were significantly
greater fthan those to the Iefffend'élemenTS (t1g = 6.53, p < .01) and to
those of the right-end elements (t;g = 7.28, p < .01).

It is also apparent in Table 11 that there is a signlfican+ inter-
action (F2, 16 = 9.03, p < .01, r > .7) between the laterality (B) and
end-segregation (C) factors. MulTipIe'T-TesTs were performed to com-
pare the means involved in this interaction. Table 12 presents t-values
for all possible comparisons among these means.

Discussion .

2§fEfemen+ Pattern

The findings of the present experiments clearly support the inter—
prefafion'of the results found in Experiments | and |1l which suggests
that the obtained response distributions were caused by a temporal
masking due to -the large fixation marker. This temporal masking is
probably enhanced by spatial masking in which the outlines of ail ele-
ments mutual ly inhibit one another. Such an inTerpreTéTion is consis-
tent with Woodworth and Sch!osberg‘s (1954) formﬁlafions.

When. a smal ler fixation marker was employed the response accuracy
for the foveally located elements of the 28—elemen+ pa++efn increased
appreciab[y. However, it shouid be noted that although response accu-
racy for the foveally located stimuli increased, responses to the more
extreme elements remained symmetrical and at chance performance.

The replication of the effect of foveal facilitation and the eli-

‘mination of end-to-end scanning with the 28-element pattern, using naive
Ss, iIndicates that such a response distribution. is not unique to the

well-practiced Ss used in the previous experiments. Rather, it suggests
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TABLE 12
t VALUES COMPARING DIFFERENCES BETWEEN LEVELS OF LATERALITY

- right) AND END-SEGREGATION (C

(B,- left, B, |~ left, C,~ middle, Cz- right)
B C, B\Cy B(Cx B,C, B,C, B,Cs
B,C, E— .073 3.53%% 2.40% .746 - .197
B,C, ——— 3.45%% 2.33% .819 124
B,Cs —— .13 4,28%* 3. 33%%
—— L1 5%% .20%
B.C, 3.15 2.20
B,Cs ——
*n < .05
*¥¥*p < .01
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61
that Ss are unable to use any mechanism of end-to-end scanning because
the complexity of the stimulus renders the ends of the pattern virtu-
ally beyond the range of effective vision. Since there were, in effect,
no ends which could serve as reference points, Ss were left with the
fixation marker as their only reference poinf. Presumably, the hypo-
thesized scanning mechanism has no directionality from the center re-
ference marker and thus laterality differences in responding are eli-
minated. Harcum (1969) hypothesizes that perceptual results, such as
those obtained in the present study, should be similar to those obtained
with the presentation of all elements entirely to either the left or
right of fixation in separate exposures (Camp and Harcum, 1964). In-
deed, the present findings substantiate these predictions and.show
equality df errors to The'lef+'and-righ+ of fixation.

Although the results corroborate Harcgm‘s (1969) findings, both
groups performing with a small fixation marker show a stronger foveal
facilitation than did Harcum's Ss. It is not difficult to explain this
stronger effect; §§ in the preSenT experimenTs'had more stringent con-
trols on their fixa+ich accuracy than Ss in previous studies. Thus, it
is reasonable to assume that because of these coﬁfrols the Ss were more
likely to be attending to fixation upon stimulus presenTaTion}. Indeed,
~this was a necessary condition for stimulus presentation.

Klemmer's (1953) findings are also consistent with those of the
present study. He obTained similar. response distribution curves by
using binary lights and poststimulus cues. Hdwever, his results dif-
~fered‘in that he found greater accuracy, especially for the extreme

left elements as compared to those on the extreme right.



12-Element Pattern

The‘kesponse disTribuTiQns obféined for the 12-element pattern
were also affected by the size of the fixation marker. <Clearly, the
foveal ly loca+ed elements were responded to more accurately with the
smal ler marker. Héwéver, accuracy for these elements was not as great
as it was in the longer pattern length. This suggests that because the
28-element pattern had no other reference points besides the fixation
marker, the S's atfention was concentrated more on this center marker
than it was for Thaf"éf the shorter patterns.

It also should be noted that the end-to-end scanning of the 12-ele-
ments was not defrimenfally affected by the smaller fixation marker.
Indeed, performance on nearly all element positions was improved with
the smal ler marker. This suggests that the additional reférence pbinf
makes all the infbrmafion present in the 12-element pattern more amen-
able for processing in short term memory. These results corroborate
White's (1970b) predictions that stimuli appearing at the ends of a
line and in foveally proximate positions will establish sTronger mem-

ory traces than stimuli in intermediate positions.
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'GENERAL DISCUSSION AND' CONCLUSIONS

Mneumonic Factors

The foregoing experiments corroborate previous findings (e. g., Harcum,
1964) that suggest mnemonic rather than sensitivity factors are responsi-
ble for a S's accuracy in the reproducfion of bina?y patterns. Response
,disfribufions'+o different pattern lengths indicate that the processes
of information translation and storage are contingent upon a number of
such factors which are interdependent.

The general phenomenon studied was that of end-segregation--the ten-
dency to perceive end elements more accurately due to their relatively
unique positions. This effect was demonsfréfed_in Experiment | for pat-
tern lengths containing 4, 12, and 16 elements. The effect was shown to
be more apparent for the shorter paT+ern‘lehg+hs and it was eliminated
for pattern lengths containing 20-and 28 elements.

The mechanism of end-segregation, as discussed previousfy, consists
of a process of scanning a swiftly fading percep+ualr+racem This pro-
‘cess proceeds in a manner of hypothesized eye fixations which organize
groUps_of elements for storage in short ferm memory. Scanning generally
proceeds from left to right because of certain habits acquired during
reading. This process renders a primacy effect favorfng elements to the
extreme left of fixation.

However, end-segregation is not the sole determiner of response accu-
racy. Experiments IV and V demonstrated that with a smaller fixation mar-
ker, Ss tend to respond more accurately to those elements IocafedvaT foveal
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fixation. Such foveal facilitation is shown in a decrease in errors to
the four elements adjacenf to fixation. Because this effeéflparallels
both perceptual acuity gradients and cone densiTy:in the retina, it is
tempting to attribute it to sensitivity factors. Camp (1961) suggests
such a purely physiological explana+ion of foveal facilitation.
The presen+ orientation, however, purports that foveal facilitation

‘can afso be explained in terms of mnemonic organizational factors. Clear-
ly, when a S is presented with a éTimulus array he attempts to organize
the elements as accurately and as quickly as possible. Reference points )
-facilitate such organization and, in the moderately complex patterns

(e. g. those of 12 and 16 elemenTs),‘end elements serve as such reference

pcints. In the more complex patterns (gr'g: those of 20 and 28 elements),
end elements are less clear due to fhe complexity of the array and thus
their contribution as reference poinfs_is'mfnimal, if it exists at all.
Such an explanation is consistent with the findings of Experiment |1

which suggest that the retinal locafion of these end elements is within
the span of effective vision.

I+ appears that Ss' strategy of information analysis shifts as a
vfuncfion of pattern length. For the longer patterns, in which end-to-
end'scanning has been made very difficult, the only available reference
point is the fixation marker which corresponds to the center marker on
the response template. This marker thus becomes the sole refereﬁéé point
in the organizational process of short term memory. Such an interprefa-
tion suggests that it is the fixation marker'é function as a reference
point which produces’foveaI faciIiTa+ion. When this marker Is the only

available reference point, it is maximally effective. However, when other

reference points (e. g. end elements) are available, Ss selectively at-
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+end to elements adjacent to each of Thesé; and response distributions
reflect this attention. The results of Experiments IV and V are consis-
tent with such an interpretation.

Orderigi Report and Eye MévemenTS

The_conciusion that Ss' processes of information-transiation shift
as a funcfiqn of pa++erh ieng+h is consistent with The.presen+'da+a on the
brder of'reporT. [t was observed that Ss tended to respond on the short-
er_paTTerhs from their left ends toward their right ends. However, ini-
fial_résponses to the 20- andv28—eleMen+fpa++erhs clusfered about fixa-
+ion and reéponses to more extreme.elements were haphazard. These find-
ihgs corroborate those of Harcum (1969). The analysis of eye movements
is also consistent with the present interpretation.

Masking Phenomena

Two disfincf masking»problems were encountered in the foregoing
experiments. The first concerned the mutual interference or confusabi-
iify of the elements with one another. As Wébdwor+h and Schlosberg (1954)
.Suggesf, this could be due to border inhibition effects or localization
factors in which the dffficu!fy of the reproduction of the inner elements
lies }n the problem of localizing them correctly within the total array.

The preseh+ experiments suggesT-ThaT such  localization problems be-
come ﬁore apparenTHwiTh increases in array IengTh. When the siié of an »
array exceeds_§js capacity, items must be prbcessed serially from a deéay—
fng perceptual trace (Kéhnemen, l969;'SperIing, 1960, 1963). Kahnemen
(!969) suggests that the probability that a given item has been processed
Is inversely related fo the number of items in the arréy. Clearly, the

more embedded elements in the longer patterns are more vulnerable to this

masking effect and their relative vulnerability increases with the decay



66
of the neural trace.

fhe second masking problem encountered was that produced by the
large fixation marker. This masking phenomenon was studied in Experi-
ments 1V and V. The data obtained can be explained by integration and/
or interruption theories of viéual masking.

An integration approach to visual masking woqld assume that the bi-
nary array and the large fixation marker are linearly summed and that the
response to their presenfafion in sequence is the same as would be evoked
by their joint simultaneous presentation.  Here fthe temporal range of
masking corresponds to the range of temporal summation (Kahnemen, 1969).
Conversely;_an interruption theory explanation would suggest that the
fixation marker interrupts the consolidation of the percept of the binary
pattern. Such an interpretation is consistent with Lindsley's (1961)
formulations.

In any case, it is apparent that visual masking is responsible for
the response distributions obtained with +he’large fixation marker. = The
present data do not provide information as to which of the above theories

better accounts for results reported here.



APPENDIX A

BINARY PATTERNS

RANDOM PATTERNS USED IN EXPERIMENT |
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APPENDIX A (cont'd)
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20-ELEMENT PATTERNS USED IN EXPERIMENT |
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APPEND!X B
INSTRUCTIONS TO SUBJECT

This is an expérimen+ to investigate your perception of visual
patterns which will be flashed in the apparaTus before you. AT the
same time the visual pattern is f}ashed, your eye movements will be
recorded. | am interested in how accurafely you can reproduce these
visual patterns when your eyes are fixed on a point at the center of
the visual. field. | am also infereSfed in whether you can in fact
keep your eyes fixed on the center of the pattern during the entire

period of the perception, i. e., just before and during the paffern

i
exposure. The }ecordfng of the position of the eyes is necessary
because you may not know if you have moved them.

It is eSsehfiaf to the success of this experiment that you Try
at all times while we are recording to keep your eyes pointed at the
cross which appears in the center of the visual field before you. The
position of the cross is located so that your eyes will then be point-
ed at the exact center of the target pattern when it appe%rs{,

I will help you adjust the position of your head and eyes so
that we can accurately record whether or not you are looking at the
Cross. _When | say, "Ready," maintain exactly that position of head
and eyes, and when you are fixating and ready, fthe stimulus will be
‘flashed. Remain fixating until the flash. Next, promptly mark on the

answer sheet your reproduction of the visual pattern that was just
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flashed. A different visual pattern will appear on each exposure.

The pattern always consists gf ______circles, ____ on each side
of fixation [The number of circles presenTed;ih any given experiment
and half of this number were inserted in these blanks respectively.
However, Ss in the random condition of Exp. | were told that patterns
always consisted of either 4, 12, 16, 20, or 28 circles.J, half of
which will always be filled in. Different circles will be blackened
in different exposures, which will be flashed very briefly in a hori-
zontal plane. After fthe flash is pfésenfed you will find a score sheet
before you containing the ____ circles that were presented. Please
fill in every circle on your score sheet that you saw filied in when
the target was presented. The first fen exposures will be practice
trials which will help'yOu to become familiar with your task.

I f you have any questions, please ask them at this time.
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APPENDIX F

EXPERIMENT 11 - MEAN RAW DATA - CORRECT RESPONSES

Experienced Ss (N=3)

Number Element Position ,

of Spaces - | 2 3 4
4. .. 7.66 7.66 7.30 7.30
12 8.00 8.00 7.66 7.66
16 7.66 7.66 6.33 6.33
20 6.66 6.66 6.33 6.33
28 5.33 4.66 6.00 6.00

Experimentally Naive Ss (N=10)

Element Position

Number

of Spaces gy ) 3 4
4 7.00 7.00 6.80 6.80
12 7.50 7.50 7.30 7.30
16 6.90 6.90 7.40 7.40
20 6.70 6.70 6.40 6.40
28 ’ 5.50 5.50 5.60 5.60
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