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ABSTRACT

Ten-element horizontal patterns of open and blackened circles
were tachistoscopically exposed such that zero to ten elements appeared
on the left of a fixation point. The task of the O was to view the pat-
terna anﬁ attampt to raptﬂéﬁca tham‘ Two uxperimaﬁts were perfurmad.

In,Exp. i six Os viewed 3@3 binary patterns once d day for tem
days. Response templataa consistiong of ten blank circles and no repro-
duction of the fixation point were employed for reproduction of the pat-
terns. - It was hypothesized that errors made in reproducing the patterns
decrease with practice in reproducing the patterns. This hypothesis was
supparﬁed by all @s. It was also hypothesized that the curves represent-
ing errors at each element position show fewer errors for the left five
elements than for the right five elements when the pattern is totally to
the right of the fixation point, fewer errors for the right five eclements
than the left five elements when the pattern is totally to the left of
the fization point, and equal exrors on the right and left halves &t a
point where more tham half of the elements fall on the left side of the
fixation point. Fewest errors generally appéared for elements at the
left within the target regardless of fization locus; thus the hypoth-
esis was not supported.

The results are explained in texms of implicit .motor factors,
memonic ﬁaccara, and ﬁaciaianwmaking‘renﬂtianwtima faatara.

In Exp. II three Os viewed 308 binary pstaarns gnce a day for
ten days. Response templatea consisted of 20 blank c¢ircles with a merk
representing the fixation point located between the tenth and eleventh
circles. It was hypothesized that there is a decrease of ervors near
‘the fixation point when patterns are reproduced on the new response
template. Fewest errors generally appeared for elements closest to the
fixation point; thus the hypothesis was supported.

The two hypotheses of Exp. I were retested using the new
response template. Learning occurred in two of the thyee Os. The
symmetrical error distributions did not occur at the hypathasizad
target orientations.

vi



COMPARISON OF SIMULTANEOUS AND SUCCESSIVE TACHISTOSCOPIC
PRESENTATION OF BINARY PATTERNS



Introduction

The genexal objective of this research is to predict, observe
and explain certain stimulus-vespomse relatiomships in a task involving
visual perception of tééhismécopinaﬁy exposed material. An attempt is
made to explain the intervening processes giving rise to the perception
in terms of certain hypothesized perceptual mémsms ae promulgated by
Harcum (1958a, 1958b, 1958¢). These mechanisms, it is proposed, are in
turn related to habits developed through the process of reading, and
should hence have some bearing on the exact nature of the reading task.
Although the perceptual task used in this study is much simpler than the
‘task of reading, the general nature of the methods and materials of this
study should yield reliable and valid basic velationships which can be
used to strengthen and modify the esisting theoretical accountings of
intervening perceptual processes. However, whether these processes will
ever be fixlly understood depends on the technological developments of
new apparatus and methods for good amalytic investigation of the struc-
tural and neurological mechanisms involved.

The present approach has its origin in Hebb's The Organization

.of Behavior (1949) since this book contains the first good empirically
based notion of a "conceptual nervous system.” Since much of Hebb's data
are drawn from experiments with, or observations of, visual perception,
his theorectical schema is readily applied to problems in this area. He

places major emphasis on the importence of a strong interaction of the
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styuctural and fnncnimi aspects of perception, with greatest particular
emphasis on the latter. Hebb spesks of early learning which is perceptual
learning or, more accurately put, learning to perxceive. This learning
involves the organizing of basic perceptions and their integration into
a perception of a complete object. 1In the integration of visual percep»
t:i.m;a he assumes & strong motor ¢monent composed of eye wovemento--overt
in the 1&5{&3 processes. and implicit in 1#&3: learning. X’rbze speeific
characteristics of the. readmg‘ process are. certainly a result of leamiﬁg,
from the learning of letters and the discriminstion between letters to
the integration oﬁwl:.etterx‘% into &orés and sentences. Therefore, a gabbﬁ
oriented theoreticsal position would seem worthwhile, |
Since veading ig a highly complex visual and intellectual task,.
it would secem wise 1;:5 reduce it into simpler component processes for
study at the. pr;zsemz a%:aga of our knowledge. This may be done not only
by studying a limited numbex of related variables, but aglso by attempting
to eliminate from the experiment those variables which cannot be ade~
quately controlled (i.ec., letter frequency, word frequency, letter dis«
criminability, meaniﬁgfnmeﬁs, éependanciess. and redundancy). The
present experiment, following Haxcum (1558:3; 1958b; 1958¢), Dyer and
Harcum {in press, a; in press, b; in press, c), and Camp (in press),
employs binary patteras as stimuli. Binary patterns in this case are
rows of circles, some of which are blackened so as to make them black
dots, and some of which .ar:e not. blackened, 1@&%55 a black ring on a
white ba#kgmmd. The following is an example of & tenwelement bimary
pattern: O @8O0 ® 0O @008 0., Each single filled or unfilled circle
is a binary eclement., When such a pattern is tachistoscopically exposed,

the O must perceive the pattern of filled and open elements and reproduce



them.

Many researchers have used letters or words aes stimuli in
stud&eé_xﬁxating visuyal pexceptual phenomena to the reading habit (Cros-
land;, 1939; Andersomn, 1946; Mishkin & Forgays, 1952; Forgays, 1953; .
Orbach, 1952; Hevon, 1957; Terrace, 1959). Letters and words have the
advantage of being more similar to the ectual reading situation, but
they also have the great disadvantage of not being adequately speci-
figble stimuli because of the many uncontrolled variables listed above.
It ig.likawiae1$rua that &a&h&st@sﬁ@gig$ekpngxa:af'b;aary.ﬁusqui_ia:
not as similar to the actual reading situation as is prolonged exposure
of letter or woxgistimuii.,.ﬂawevex, the short exposure duration not
.only elimimates overt eye movements, but slso allows the individual.
investigation of very small perceptual units which may be considered
as building blocks of the tatgl-task:pf,raading,,,It;is.bgiievad;that
the perception of tachistoscopically exposed binary patterns is similar
to the reading task, but without some of the special problems of the
reading process (i.e., meaningfulness, dependencies, eye movements,.
etc.). Data obtained from these binary patternus, because of their
relative freedom from the uncontrolled variables listed above, are
more suitable than verbal or alphsbetfcal material for attempting te
explore the basic perceptual processes. K Once the nature of these baaic
grpcesms Aiﬁ‘gsgablgs&eé,,-om may ,be‘abl‘ehtu generalize the results to
the reading process per se, with the help of further rescarch using.
meaningful verbal stimuli, sequential exposure of relsted stimuli, new
techniques for investigating the ieazn;ﬁs:aud memory process and Os .
gbout whem a complete cataloging of relevant information on specified

attributes relating to reading capability is known.



Historical Background

Since this paper is primarily concerned with basic theoretical
aspects of visual perception of tachistoscopically exposed patterns, only
studies of specific relevance to this area will be discussed. The liter~
ature will be counsidered under three rubrics-~ motor components, sensi-
tivity factors, and mnemonic factors--although these categories should

not be considered as discrete.

Motor Components

After the publication of Hebb's The Organizdation of Behavior
in 1949 3 series of studies concerned at first with supporting the theory
of the conceptual nervous system as opposed to Lashley's theory of equipo-
tentiality were published (Mishkinm & Forgays, 1952; Forgays, 1953; Orbach,
1953). Later studies (Hevron, 1957; Terrace, 1958; Harcum, 1958a; Harcum,
1958¢c) attempted to speculate within the framework of Hebbian theory
about the actual nature of the perceptual processes invelved.

The first major research of the series was performed by Mish-
kin and Porgays €1952). This was an attempt to find. support for the
Hebbian idea of a specific receptor development of the retinal mosaic
as contrasted with Lashley's theory that pexception is relatively inde~
pendent of a specific retinal locus. WUsing printed wogﬁs tachistoscop~
ically presented hoth to the right and left of -fixation, Mishkin and

Forgays {1952) found that recognition of English words was superior



‘when the words were presented on the right rather than on the left of
i fizetion., Thic result, they felt, was caused directly by the habit of
‘reading English from left to xight. Since the location of half of the
worde was givem to the @ before the expogure, and since there vas no
ﬁiﬁﬁarenee in recognition between exposures when the § was given the
1n¢at£an and axpasntes whaa the £ was not given the location, they
argued that tha pﬁssibﬁlity of a selective attentional process oper=-
ating in- tba nature of a “get" to selectively attend to .the right was
zuled out. fheaa reaulzs are &ﬁkaa to support Ha%b‘s notion that per~
ception éependa to a large exteat ou a specific receptor development of
the wecinal ‘mosaic.

uﬁagkin and Forgaya {1952} also studiaﬂ tha degree to which.
the resuits af the aﬁa%e atndy were de?enﬁent apon tha left-to-right
direczimn,uf tha readiag h&bit, ‘Both’ Hehraw &nﬁ Engiish wards ‘were
tachissnscepiaally axgssad en bnth sides af fixation te biiingual {Eng-
:iiah anﬁ Hebrew} 3&._ If Lha ﬁaading habit were tha daminanc faatax in

thiu kind of recogﬁitiaa task, then Engiiah @urés, he»auaa ax thaix

- Ieft*ta«xigkt cénstrnctinn, sheuid he mara aasiiy acegnigeé to the right'

e af fixation (i.e., beaause zha raaéing gr@¢asa praueeds acraéa tha word
v’.in che nsual rightward directina)« As psadtﬁted, English watés were
iﬁ'pefceived mare acaurately'ka tha right than th& iaft cf fixation, aaé
In:‘HebteW‘wards were perﬁeiVQé mnre accurat&lyité #ﬁe left of ﬁixacieu.

' | Andetsen (19&6) founé essantialiy zha $ame reaulas usiag bi-
'ﬁiiingual childxen whn couid raad beth ﬁabr&w ané ﬁﬁgliah. andﬁtsan used
ﬁoth English and ﬁehrew’aine«ietter nonsense ﬂoras as stimmli. These
‘"Wotas ﬁ%t@ yraaenced %achiaaoscapicaliy wich the fixation 9o£nt coin~

N cidlng with the fifah 1etter 6£ the series. When the tua tyges of



stimuli were presented in separate series the Hebyew letters were repro«
duced more accurately to the right of the fixation and the énglish letters
more accurately to the left of fixation., When the two types of stimuli
were presented in a random order the results were yiwtually the same,

/
although right-left diffcrences wnrgﬁgenerally-#mailar.

The eaﬂé&ﬁig;;£ﬂévnluti¢n of the ceading habit and right-leit
percoptual recognition differences is supported by Orbach (1952). Fol-
lowing Mishkin and Forgays (1952) he employed English and Hebrew words
as stimuli using bilingual Os. The Os who had lecarned English before
. they had learned Hehrew recognized English and Hebrew words move accu-
rately on the right of fixation than on the left of fixstion, and the
Os who had learned Hebrew before they had learned English recognized
Hebrew words more accurately to the left of fixation and English woxds
more accurately to the right. This served to place certain restrictions
on the generality of the results of Mishkin and Forgays (1952).

More direct evidence of the development of these perxceptual
mechanisms can be found in a study by Forgays (1953). In his study,
printed words were tachistoscopically presented on either the right or
left of fixation to 144 students taken £rom Grades Two through Fifteen
{encluding Grades Eleven and Twelve). There were no reliabie differences
between performance of the two different visual hemi-fields for students
through the Seventh Grade. Beyond this grade level more accurate per-
ception occurred for stimuli to the right of fixation. This difference
increased as a function of grade level for the remaining six grades
studied. This is direct support that the development of the motor
habit of reading parallels the development of differential word recog-

nition in the herizontal perceptual hemi~-fields.



Dyer and Harcum {in press, b) using Nursery School, Kinder-
garten, First Grade and Second Grade childrenm ag Os andmégé;éiémmét
binary pattexas tachistoscopically exposed as stimuli found that as the
educatiopal level increased, the tendency to more accurately percelve
elements to the right of the fixation point alsc increased, This poses
a seeming paradox with respect to data previously obtained from the
perception of binary patterns (ﬁareum* 1958a; Harcum, 1958b; Harcum,
1958¢; Dyer & Harcum, in press, a; Dyer & Harcum, in press, c¢). How~
aver, the differences of apparatus and visual task do not make the re-
sults divectly conflicting. méxeaver, the conclusion that educational
experience with reading is related to increased differentiation among
elements of pattexns in terms of errors is corroborated.

The first good hypothesis to explain these results in terms of
neural events was formulated by Heron {1957}, In the first two of five
experiments he presented both familiar geometric forms and nonsense
forms tachistoscopically on either side of fixation., With this non-
alphabetical stimulus materfal Heron found vo right vs. left differences
between the fields in recognition accuracy. The conclusion which must
be made is that the perception of single geometric nonsense forms pre-
‘santed to the left and vight of fixetion is not significantly influenced
;by the reading habit. In Heron's fifth experiment, letter~targets were
exposed elther singly on one or the other side of fixation or simulta-
neously on both sides of the fizational center. Both single letters
and lettex~groups were used. With single-letter stimuli neither succes-
sive nor simultanecus methods of presentation yielded significant hemi-

field diffevences in reproduction accuracy. However, with successive



presentation of the letter-groups (either left or right of fixation)
significant differences were found showing better recognition to the
right of fixstfou. This is consistent with rvesults of the preéioualy
cited experiments (Mishkin & Forzays, 1952; Eaggays,119$3; Orbach, 1952).
With simultancous presentation (stimuli on both right and left of fix§~
tion) of the letter-groups, significant differences were found showing
better recognition to the left of fixation. These results would
appear at first thought to be ﬁanﬁliﬂting;vﬁexan‘dggs not think so.

He postulates a “post-exposural process'~-a process of neural events
occurring after retimal stimulation--to account for the results of

both successive and simulteneous tachistoscopic presentation. ;& is

a motor component of the perceptual process. Hexon's belief is that
tendencics toward eye movements (or implicit éye movements) persist in
time after the stimulus-exposure has terminated, These hypothetical
tendencies pavallel the two basic eye movements used in reading English.
The first of these eye movements, and presumably the dominant one, is
the movement from right to- le ft made when one proceéds to shift fixation
_toward the beginning of a,iina of print. Zthseggnd;raa&;sgpyaseﬁiy
subordinate mpvamant,'is the saccadic left~to-right mmvemani made when
one is reading & line of prinmt. When slphabetical meterial is located
only in the right field, these two tendencies will be operating together--
or at least not in opposition~«te produce superior performance. However,
when alphabetical material is located in the left field, the tendency to
move the eyes to the beginning of the line would be in conflict with the
tendency to move them from left to right. The former, being dominant,
“will occur, but with a weakened effect because of the opposition from the

right movement-tendency. Hence, in the case of successive presentation
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poorexr recognition to the left of fixatiom occurs. When the stimuli avre
exposed simultaneously on both sides of fixatien, the tendencies are
still in conflict, yet the dominance of the left-movement occurs and
produces better recognition to the left..

Binary-pattern data can in paxt be explained by Heron's "post-
exposural process.” Even though alphabaticai stimuli are not employed
in the binary rvecognition task, the uniform linear spatiasl organization
of the clements should give rise to these implicit movements. This pro-
cess is perhaps better referred to in the binary situation as a scanning,
rather than a reading, process. Harcum (1938a, 1958b, 1958¢) and Dyer
and Hgrcum (in press, a; in press, c), using simultaneous tachistoscopic
_presentation of eight~ and ten-element binary patterns bisected by the
fixation point, have shown in general that there are fewer exrors of
target reproduction made on the left of fixation than on the right.

This is in part attributed to the scanning process, which is in turn a
direct neurological coxrelate of the reading habit.

The process must, however, be modified in the case of succese
sive exposure of binary patterns. The empirical results of Harcum (1958b)
and Camp (in press) have shown no hemi-field differemces in recognition
when binary pattefns are tachistoscopically exposed either to the right
or left of fixation. It may be confidently postulated that of the two
variables inherent in letter groupings (directionality of the letter
units as well as their linesr organization) with non-directional binary
stimuli only the latter one exists. . That the two variables or stimulus
characteristics mentioned above play a critical role in visual perception
in tasks related to the reading habit is well demonstrated by Aulhorn

(1948). He used meaniagful printed material as the stimulus and measured
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reading speed as a function of both the angular orientation of the lines

of print and the individusl letters.. Aulhorm®s empirical "Law of Text

Rotation” is deriyed from three components., The first component is a

constant determining overall level of performance, which is of little

concern at this point. ' The second, labeled the "r" component by Aulhorn,

corresponds to the habit of reading from left to right. Here reading

speed 18 fastest when the. lines of print ave coriented horizontally with

the letters in their normal horizontal left-to-right orientation, 4s

the orientation of the individusl letters is chaaged by rotating them
counterclockwise, the reading speed becomes slower until 180° of rota-
tion has occurred, after which the speed begins to agais improve until
the 360° rotation is complete. This difference did not occur when isoe
tropic letters or symbols such as.(:) 76%9 were used as stlmulus units.
Farthey support is thus added to the importance of the directional char-
acteristics of the individusl stimulus units.

The third component iz labeled the “s' component by Aulhorn.
It corresponds to the effects of ths orientation of the line of print
with respect to. the horizontsl. .Here reading speed is fastest when the
iine of print is horizontally oriented, and slowest when it is vertically
oriented. This difference among positions appears regardless of the
nature of the individual stimmlus units making up the printed material.
Harcum (1958a; 1958c) has found the sbove differences using binary pate
terns in seversl .angular orientations.

The importance of Aulhorn‘s (1948) “s&" factor can beé made clear.
Here reading speed is fostest whenevér the material is horizontally:
oriented, with lefter direction held constant. The tranaitiaﬁfframﬁAu1~

horn's reading task to one of binary pattern recognition has certain
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limitations. Aulborn measured reading speed under conditions of pro-
longed stimulus exposure; thus the atimulus material camnot be assigned

to a specific location relative to a ftﬁatié# peint. The assumption
must-hé»ma&e that, $here the 1ntt¢ra‘and lines of print are rotated to
their upsiée«é@wu position (18603; the print must be read from right to
left, It is this direction of feading which'a§cena£§ly'carraspanﬁs Lo

the direction of the scanning process, We are thevefore dealing with
vwhat is»éﬁsﬁma& to be a neural ééanning process which, because of bimary
element sygmeﬁty, can operate just as well Ivom right to left as it can
from left to right. This description of tag scanning process is valid
only in the case of successive presentation of the patterns. In this
cage there is no evidence of a significant vonflict of directional ten~
dencies. ’ﬁawaﬁéx, in the case of simultaneous gr&sautaf&au certain di-
rectional €onflicts as 9aﬁ£u1atad~by Heron {195?3 do apparently exist,
even within the simple scanning mechanism described above. When one is
presented with gn equal numbexr of binary eclements on each side of fixation,
there 1s a postulated conflict between the tendency to scan to the rvight
and the tendency to scem toward the left, The result is that the leftwaxd
tendénny~at first dominates, not because it is an inherently dominant ten-
déﬁey, but bacause of cextaiﬁ habitual methods of perceiving organized mate-
rial. 7This tendency to start at the beginning, (which is taken to be

the 1éft'ead}, is established in part by the veading habit and perhaps by
certaiin phyaialogiaai}quglitiea such as cerebral-hemisphere dominence or
aya;dcm&nance fagt@xslfﬁyar-& Harcum, in press,a). The point is that
visually ﬁgrceived events ox aaiiaa of things do proceed from left to
right. This is true from our perception of a two<letter word to the

_counterclockwise path followed by the race horse, which runs from left
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to tright before the spectator in the stands.

These directional habits of pércefving grouped visual stimuli
are further supported by the work of Brand: (1941}, Anderson and Ross
(1955), and Astin and Ross (1956). Bramndt recorded cye movements while
©s attempted to memorize designs placed in the four quadrants of a card,
The recordings show an eriginal fixation in tha upper~-left with the
general pattern of novement being from. upper~1efa to upper<right to
lower~left to lower-right, Percentage of fixation-time spent in each.
quadrant; as well as acﬁuramy of regroduﬁcian, ranged from high to low

in the same order as the movemant pattern,

Anderson and Boss {1955) pregented five kinds of stimulus’
material (letters, words, symbols, designs; and numbers) with twenty~
five of each kind in a different five~by-five cell matrix, They found
consistent relationships between veproductive ability. and spatial loca~
tion in the matrix, regardless of the type of stimulus material, Fewest
errors were found in the tpper-left and most errors in the lower-right
cells. They suggast that these differences ‘are related to the habit of
reading from left to right.

The sbove findings were extended by éstin and Ross (1956).
Thely mejor additionm was to show that the temporal ordering of the re=
sponse correlates highly with the accuracy of the responsé in the various
cells (.90 for word matrices; .95 for symbol mstrices): -

The importance of the sequential left-xight habits established
from early childhood should now be clear. The historical survey may now
proceed to a discussion of “sensitivity" factors which occupy some of the

time~space dimension between the stimulus and response.
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Sensitivity Factors

The term "sensitivity" has certain coanotations implying cer-
tain peripheral (mostly retinal) explanations. Unfortunately this factor
is ot as uﬁcomplicauaﬁ as the term “sansitivity" @uul# lead one to be~
lieve. It 15 better ‘thought of as an attensi:y, ox clarity’ or confusa~
bil&ty factar, thia 1s a8 brnadmr term and aIZQWB £Qr more ‘explanatory
ieewaya‘

Functionaily describaﬁ, thi$ factor creata@ most accurate per-
neytien in areaa near fixatian._ aere ?erﬁeptual accnracy is generaily
an inverse function of the distaﬂce af ahe stimuli from the ariginal
point of fixation. If the suimnlua has a viﬁible ‘begioning ané termi-
nation parceptuat accnraey at these two points is relatively keenr-a
,ghaaawunon 1abaled as “and~segregacian‘“ It is in some reapects analogous
ta perceptual span {Harcum, 1958a; Harcum, 1958&} in some respects analo=
gaus to ¢entga1, garauentral, and peripheral visual aﬁuity‘iﬁnghr, 1941),
and in other respects perhaps more of a péych§§hys$cg1¢§ma§aiop. The
existence of attensity factors cannet logically be ruled out of any dis-
cﬂssion af vigsual 9ax#eptian, yat tha spec%ﬁyiggy@f,gﬁe a%aat nature of
thege factors is difficuit indeeé. |

Knchy (19&1) in teatiug aﬁuzty iu centyal_(ﬁ‘ eccentric), para~
central (to 43' eccentric) and peripheral (43' to 172' accéatrtc) areas
with the Landalt ting fbuﬁd a mpnatauia tnnréase in recognition exrors
as a fnnc:ian af ecceutricitye ?he stimnli uare taehistoacapinally pre-
aentea far 013 sec, ”ha distributiona af errors on buth sides of center
Zware not, hawaver, alike ag there was a genaral tandency for the left
side to cantaxn feser errors than the :ight.

Bath‘m1shkin and ?argays (1952) and Heron (195?) found that as
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stimuli were presented at various eccentric positions the recognition
was poorer as the eccentricity was increased,

Thejabava results support the axistenna.pﬁ an. attensity factor.
;& éeacriptianvbfvthe.funatxnnaihshape of this factor capnct be positive~
ly given. TﬁaAresults‘gﬁ both Knehr (1941) and of Mishkin and Forgays - -
(1952}wresemhle tha“narmai ogive of a frequency:discributiannbgt.thau
shape s not clear. Heron's gradient con only be described as linear.
Hypotheses atgempﬁing-;e aagaﬁgtyfa: the cﬁmgonenaa combining to.create-
tha;ntte§aity gaccur‘ara nunarous because'theze.a:a‘manyucarta;ates:uf
its gemeral shape. The first correlate is amatomical. Illustrations
of retinai'coge density as a fuﬁc&ian distance fram-@he-centar of the
fovea show a denfeasiag nunber of these receptors giih.inereasing.dis~
tances from the cemter of the foves (Piremne, 1948)..

Harcum {1958&. 1958¢) has empirically derived what he .calls
the perceptual span in a twvwdimansiunal field. These early derivations
showed the spaa_éc be elliptical, with theagecmetric.nehter at the fixa-
tion point. This shape was derived from expé;imenzs invelving the
#aghigtascapiﬁ presentation of binary patterna‘orieaﬁed according to the
eight major compass pﬂiﬁ&ﬂ**&hﬁt;iﬁ separated by é&“; The e;lipticai
_shape of the span shaﬁs that sen#itivity is maximalvin the east and west
. (horizontal) srientation and minimal in the narth and’ saueh (vertical)
ariantation. This 5pan was iliustzateﬂ by two concentric ellipses; the
f_smaller shﬂwing tha araa of "clear" pereeptian aad the larger tha area
of poor percaption«. The span, then is not aansidered A% an absoiuta
real e&tity, it ia«no: a simple questton of gaod visibility within the

span and poor. visibility autaide the .8pan. Rather'the bo:ders must be

considerad as some level of ‘an attenaity gradient which provides rela~
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:t;ely clear perception near the center and which gradually diminishes
to unclear perception as the peripheries are approached.

Dyer andrﬁarcum.{iafgzess, a) tachistoscopically exgqged tenw
element binary patterns cmhtaiuing,bnth,black:a;eman;é and gray elements
as well as unfilled elements. The results showed that reproductive
~accuracy was generally poorer for the gray elemanﬁs‘;han,f9§ the black=-
 thexeby demonstrating the :impartancé of the actual physical ,iptensity',
of ths.atimuli»for=zheitrreaégniéability; Qamp\(ip pxass}t'usigg ten~
element binary patterns tachistua¢apica1iy.éxposeé, xuiiedlin two ex-
periments element darkmess and size as a direct function of errors made
on 8 previous experiment. His results showed that attensity fac;orgl
seem to be highly important determiners af;rapxaéuctianuaccuracy.aniyr
in the foveal area; beyond the macular areca they seemed mot to in-
fluence perception significantly.. These results parallel quite closely
the cone density of the human retina.

The nature:of ecach of the possible factors related to attensity,
_cannot, then, be accurately specified. They are doubtlésa interrclated
periphersl and cemntral factors which are both direct correlates of

anatomical faets.

Mnewonic Factors
1f errors in reproducing binary patterns are ploited as a
fuaction of the serxial position of the elements, & meaningful relation«

minitwun

5hip~ap¢ﬂafsg There is, with simultenecous presentation, oftem a

of arrors &t the exlirete left, a rgiative-minimum‘at'tﬁewéxtrema right,
and a meximum just to the right of center with a small decrease adjacent

to the fization point. This might be predicted assuming a left-to-right
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motor component of the perceptual process. The shape would be reversed
with a right-left motor component. It will be recalled that the motor
component in itself allows only for prediction of rightwleft differences.
This prediction is based on the hypothesis that the portion of the pat~
tern which is seen first is remembered best (i.e., a primacy effect),

It will be shown that the actual shape of the function must be primarily
derived from the mnemonic components.

The element-position errox-function bears a strong resemblence
to the classic bowed gerial position curve found in serial learning data.
S$ince the task of the Q is generally to reproduce the configuration
which he has just seen, there is naturally a time lapse between the
yveceptor stimulation and the following motor response. This means that
the basic concern is with intervening mediators occurring within the
stimulus-response iaterval. Some of these mediators have already been
described in terms of peural motor events. In standard serial learning
experiments these sequential characteristics are inherent in the method
of presentation.

Crosland (1939) tachistoscopically exposed nonsense words
using both the simultaneous and successive methods of presentation. An
analysis of errors at each letter position yields curves similar to the
bowed serial-position curve under conditions of successive exposure.

The same genersl effect, with a marked increase in accuracy near the
fixation point is shown undexr conditions of simultaneous expesure.
Anderson (1946) tachistoscopically exposing English and Hebrew nonsense
words bisected by the Fixation point clearly demonstrated a function
similar to the serial-position curve in his analysis of erroxs at each

letter position. The study of Anderson and Ross (1955) also sheds
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enough empirical light to be briefly mentioned again. A wore careful
analysis of their data concerning the general superiority of the upper-
right section of the matrix over the lower-left section of the matrix
may now be undertaken. Considering first the results for esach five-

by-five matrix taken as a whole, the upper-left square in each case
shows the most coireez reproductions, but the lower-right square in ne
case shows the fewest correct reproductions. In every case the lower-
right square contains more correct reproductions than its two adjacent
aquares to the left, this effect being most pronounced for the matrices
containing words and numbers. Lnukiq; at the 25 horizontal rows of five
" “équares im the five matrices this ‘serfaleposition effect is less strong.
In 12 of the rows--slightly under half-~the extreme left cell contains
more correct reproductions than the adjacent cell on its right, and the
extreme right cell contains more correct reproductions than the adjacent
cell on its left. This seems to be most pronounced’in the matrices con+
taining geometric figures and numbers. Although these results are
weaker support than those cited for the matrices as a whole, they are
still considerably better than chance factors would produce,

If the results cited above do represent a genuine seriale
position effect other common preperties should bafdeMDnsﬁrgﬁie. Ward
(1937) demonstrated a positive transfer effect betkgaa_sﬁc;easiva lists
of nonsense syllables serially learned. Anderson and Ross (1953) also
showed & positive transfer effect on recall accuracy between successive
matrices viewed. Learning curves were obtained foxr all horizontal rows
of five cells. In genmeral the rows of poorer original reproduction
showed greater learning than the rows of more accurate original repro-

duction. This differential learning was demonstrated by Robinson and



Brown {1926) using ten-item lists of nonsense syllables. Their results
show that the greatest absolute error decrease from trial to trial
generally occurs in the Genter of the list where more errors are iade
on the early trials.

“1f binary-pattern perception is velated to serial-learning
pheiomena, perceptual accuracy should imcrease #iahigfaaticaa Dyer and
Harcum (in press, c) found that if-errors are plotted as a functiom of
oumber of presentations a negatively accelerated learning curve is ob=
tained. This curve appears to be asymptotic after about 1,500 presen«
tations. The loci of these changes 'are not known with any degree of
certainty; whether the improvement involves an increasing span, better
organization and retemtion, a more efficient scanming process, or a
complex combination of these is still an unanswered question.

Changes in the shape of the serial-position function as a
function of piactikeiin the verbal learning situation are shown by
Lepley (1939). He found that the proportion of total errors made onm the
first half of the list tended to- decrease with practice; the errer curve
after practice appearing to be more skewed to the left. Lepley states
that this change may well be created by an increase in the span of
attention. That is, as practice with the material increases perhaps
the § is able to assimilate move units into a unitary group.

Only one attempt has been made thus far to isolate this
memonic factor ' from total-error functions in a binary task (Harcum &
Hartman, in press). Th&*xeauléing curves for errors as a function of
element-position are virtually indistinguishable from serial-position
curves obtained from the learning of eight-syllable lists of nonsense

syllables plotted after McCrary and Hunter (1953). This method utilizes

19
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as the dependent variable the percentage of the total errors at each
serial position rather than the absolute errors at each position.
Operationally defimed in terms of the measured response {errors) there
seems to be no important difference between the "sarial-position effect™
and the wnemonic component under discussion.

The above xesults illustrate that the erxor distributions
obtained in binary-pattein studles are not the outcome of some specific
attribute of the visual system but are rvather atiributes of a more gen~
eral sort of information assimilation and retention mechanism of the

central nervous system.



The Present Theoretical Orientation’

‘The present theoretical orientation is essentially based on
a "post-exposural process” logically modifiéd after Heron (1957) to
account for the empirical facts of bimaryepattern recognition. These
implicit motor components of visual perception which parallel the two
basic eye movements used in reading are assumed to be operating in the
perception of tachistoscopically presented binaxy patterms. The left~
" to-right movement which parallels saccadic eye movements is referred to
as a scanning process. The direction of this scan is influenced, but
not completely determined by the reading habit, It is not unidirection-
-al; it may move from left to right or frem right te left depending on
. the specific stimulus conditions present. The empirical shape of the
‘error disttibution as & fumction of the distance of the individual
‘elements from the point of fixation, and as a function of the oxiene
tation of the total pattern relative to the point of fixation shows
that' this simple motor component must be somewhat modified and extended
{f the description of the process is te be considered complete. These
‘error cutves generally resemble the classic bowed serial-position error
" curves encountered in serial learning experiments. The direction of
. these curves is defined by the relativé number of errors on the right
and left sides of the pattern. If moré ertors appear on the right, it

" '{s said that the cutves show a left-toeright directionality; if wmore



errors appear on the left, the converse is said to be true. This
directionality is determined by the assumed direction of the scanning
process and reflects the primacy effect previously described. The
basic shape of the curve i{s then determined by mmemonic and organi-
zational factors, in which the direction is determined by implicit
motor factors.

Attensity factors are also assumed to influence the per-
ceptual response by creating & more accurate perception for &éi_wu

near the point of fixation. This effect is assumed to decrease pro«

portionally with the distance of the individual elements from the point

of fization.
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Experiment I: Purpose of the Study

The present research has two purposes, The first is to
attempt to fill the data gap betwsen the two presentation methods pre-
viously 618¢u9$é&v€i.e., simultancous vs. successive modes). There
has been prolific resecarvch performed with binary patterns bisected by
fixation (simultaneous method); there has been slight, but rather con~
clusive, research performed with binary patterhs either all on the right
or a1l on the left of the fixation point (successive method). No other
conditions of horizontally oriented stimuli have yet been studied. Only
one step in the transition from left-successive to right-successive pre-
sentation therefore, is available. By locating patterns in all meaning-
ful orientations between these two extremes (eight new orientations using
ten~element targets), the nature of this transitional proecess can be
studied. If the present theoretical orientation is correct, the results
at these intermediate locations should be predictable. The predictions
serve as the first experimental hypotheses. It is hypothesized that as
the pattern is "moved" from 2 position such that it is totally on the
right of fixation through the nive intermediate positions antil 1t is
wholly to the left of fixzation, the resulting errer distributions
change in a coherent manner. That is, fewer errors occur for the left
half of the pattern than for the right when the greater proportion of

the pattern falls on the right side of the fixzation point. As the larger
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part of th_e: pattern appears on the left of the fixation point, the
resulting digtribution of errors ahoxﬁ__@;«a erxors for the left half
of the pattern as compared witﬁwéggée for tharxight half. It is expect=
ed that this tramsitfon occurs gradually, and that the error distribu-
tions pass through a period of symmetry during the tramsition. The
point of symmetry is considered to mean ﬁha,pnint at which the left-to-
right scan disappears, and before it i3 replaced by an organized right-
to-left scan ﬂf.tha.yﬁgtafu, A nminimum of errors on the left side of
thé'pa:teraqindicates that the reading (left-to-rzight scanning) habit
is 3till domimant, while a minimum of errors on the rvight side of the
pattern indicates that the right-to-left scan is dominant.

The second purpose of this xesearch is to study systematically
changes in the perception of binary patterns as a function gfvpxaétiaa.
Since it is virtually impossible to obtain a sufficient amount of data
from & single Q in a single session for all of the eleven possible
orientations used in this study, the same patterns were viewed once a
day over a period of ten days by six Os. Dyer and Harcum (in press, c)
have shoun that reproduction accuracy in a similar task improves as a
function of practice. The second hypothesis is, therefove, that there
is a negatively accelerated decrease in errors of pattern reproduction
as a function of the amount of practice in viewing and reproducing the

patierns.



Method .

Observers
The Os were three men and three women undergraduate students
of the College of :William and Mary, who were paid ,ﬁax.théir services,

'Each had 20-20 vision.or better.

Apparatus

The apparstus used waa a ﬁaxvatd«type tachistcscope &esigned
ané canatructed by the £ {see appenéix A). 'i‘w fmxr-—watt fiuarescent
tubes iuumi.nated the ;zre~expﬂsure ﬂeid at apptoximateiy 1.9 ftwa.
(see Appendix ﬁ}. A small =Y }ecated in the center of this fieié |
served as the fixation poinﬁ.. Four fourwwatt fluorescent tubes illu-»
minated the exposure field at apprmtmateiy 1.5 ft-L. (see Appeud:.x B).
The targets were horizontally 1ocated in this field; the center of -the
elements was ét; the same vertical height as the fixatiom point. The
exposure time was controliéd by a Lafayette 12-MC eieétxoﬁi.& incetval
timer, which was adjusted to yiald an exposure duration of appvoximatexy
100 msec, fm: the stimuli (&ee Appendm C). The nargats were present:ed
by depressing a push~button awitch wbich activated the interval t:i.mr.
This zswiteh was arranged such that the O could depress it with either
his hand or h&a foot.

The targets consisted of a total of 154 b:{nary. patteyns
umse& of ten circular elements arranged in a horizontsl row. A ‘é

binary pattern was genersted by taking a row of ten printed circles
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and blackening some in with Indis ink, while leaving other circles un~
filled. Bach circular element was 2.5 mm. in diameter, and subtended
approximately 7' of visual angle at a distance of 23.5 in. Each row

of ten elements was 44 mm, wide, and subtended a visual angle of approx-
fmacely 2° 13'. Tarpets were comstructed such that each serial position
contained an equal number of filled and unfilled elements through the
total of all patterns, Five of the targets contained four filled ele-
ments; four contained five»§i11¢d=el9ments; and five contained six
£filled elements. The 154 targets were divided into 11 groups of 14
targets each-~one group for each of the 11 possible target positions
relative to the fixation point. Each of these groups contained iden-
tical sets of 14 different patterns; these patierns are reproduced in
Appendix b,

The order of targea'grasgntatian for the first session was
randomized without replacement accoxding to a table of random numbers.
Scoring of tha\tesulta was accomplished by using sets of templates ovx
keys which corresponded to 14 pattern columns on the response-recording
sheets. For purposes of convenience new templates for each of the ten
experimental sessions were not constructed. Thercfore, the entire
orders of presentation for the final nine sessions were not randomized.
Instead the randomized targets were divided into cleven equal groups
which corresponded to the successive groups of 14 targets showm in the
first session, This meant that serial order within the groups stayed
the same in all scssions, but that the serial order between the groups
could be randomly varied for the remaining sessfons. In order to ze=
duce the information gained from the within-group serialrorder each

group was shown in reverse order on alternate sessions.
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The response-vecording sheets consisted of three columms

of 14 rows of ten unfilled circles mimeographed on white paper.

Procedure

Béfare the firét seséim each g was given mstmctj.ons as
to the Mture‘ of the task and t!fe nature of the apparatus. He was
‘ghown how to preésent the éti,u_ﬁg;};i to himself using either his hand or’
his foot (most sem&kaﬁpretar ‘the latter method). The E explained
that the O was free to rest whenever he wished; at least one rest was
encouraged, but not enforced, by the E. As a finel check that the ©
fuily understood the p:acedux,es_a, the O prosented five targets to him-
self and att:emptesi to reproduce them on a sample gaapqumarewrding
sheet. Foi&bowing this ea:._:h of t;heflsfe targets was vicwed and repro-
duced by the @. The targets were then turned upside-down and their
respective mix'mr ﬁmgai; presented and reproduced. There was, then, a
total of 308 targets per aéssion. There were ten such sessions. The
remaining nine sesaions proceeded exactly as the f£irst, except that the
introduction and practice were omitted. Each @ completed cnly one |
session on a giver&ﬁay,f the normal schedule being one session per day
on Monday through Friday for two successive wecks. If the Os were
unghle to attend an experimental session the wissed sessions were
made up on the following Saturdsy. The total time required for a
single session ranged from about 30 mi?n; to sbout 120 min. for differ-
ent Os. |

One error was scored for each element filled in the target,
but left blank by the O on the response-recording sheet; and one exror

was scored for each blank element on the target that was filled by the



O on the score sheet., Errors were tallied as a function of fixation
location and serial position of the elements for each session for .

&Gﬁh : ;‘Q»
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Results

The exrors made by each O at each ¢lement position and at
each fixation location for each experimental session are shown in

Tables I through VI in Appendix E.

Learning Curves

Fig. 1 shows means of errors per Q per elemdént as-a function
of ‘sessions ffar t:_hg §£§ G&‘ Ta’ble 1 pmsemza tham data nmzically.
The curve isg negative}.y accel ﬁ‘: ed and bééamras asympwtic at about
Session 7. 4 Sign test shows a rel F@le'difference iq errors between
Session 1 and Session 10 (ps ‘.ﬂl,ﬁt;’p;{e«-ta}ie‘ﬁ); The\ hypothesis that

exrors would decrease with practice is, th_a.rféfnréé supp:’n:tééa"
/ e

Errox Msm:ﬂgntion o7 ~ \ - / B

_ F.ig. 2 shmas maaus of etrars yer 0 per element per session
fox e;‘;chv _af‘ the 11 &matims' o'f‘ ,;Eixat;ion. Iahlg 2 presez;ts these data
numerically. Im ut&é; to siww the decrease in errors resulting from.
;;xcraas&;i précti;e:é‘,,: two curves are éiqtte’c’i_ﬁar eac:h of the 11 .sé‘i‘:s of
coordinates. The solid line _::c«;pfesém:a errors for Sessions ‘2 through 5,
and the dot-#gii line reg;maeme:_arqu fgizrgsegsi.ens 7 t:hrm:;gh 10. Session
i was glmmted £rom this -malysis'igaoause. without exception, the first
session yie;ded more irregu;ar and less orderly functions; it seems to
have served as an introduction to the task. In order to keep the number

of sesaiaﬁs gqual’fgr the cmarisqﬂ of the early and late portions of
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Fig. 1. Mean errors per element averaged for the six Os for each of
‘ the ten sessions of Exp. I.
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Table 1

Means of Brrors per Element per Exposure for the
8Six Observers for the Ten Sessions of Experiment I

OBSERVER SESSION
1 2 3 4 -] 6 7 8 9

M.D, <339 .320 .293 .252 .24 ,230 .218 .178 .204
M., .398 .3%0 .351 .370 .348 .343 .311 .314 .309
D.R. .365 .368 .309 .283 .285 .294 .272 .268 .276
D.L, 430,401 .378 .347 .331 .313 .281 .270 .258

CO a. ;&29 . 38&‘ » 4{36 » 363 £ 335 Ld 352 [ ] 228 * 351 . 319

K.S. 362 .348 .326 .352 .315 .271 .274 .23% .229

MEAN .387 .368 ,343 .329 .310 .300 .281 .269 .266

10
. 220
<309

. 257

£ 273
.328
.227

.269
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fig. 2.

Mean errors per element position on the early and late trials
averaged for the six Qs for each of the 11 fization comditions
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Table 2

Means of Errors per Element per Observation under Eleven Fixation
Couditions in the Barly and Late Stages of Experiment I

Element-Position from Left

35

Pix.  Staze 12 3 & 5 6 1 8 9 10
1 ¢ Bt 144 .275 .345 431 474 .491 .4B8 473 .425 .419
2 i E & .028 .203 .260 .315 .421 .416 .488 .430 .44l .428

: L : .020 .098 .159 .172 .273 .343 .436 .370 .386 .361
3 ¢ E ¢ .03l .107 .313 .330 .382 .419 .461 .443 .447 .412
£ L : .022 .056 .190 .191 .250 .303 .385 .375 .388 .358
4 ¢ B : 022 .058 .148 .331 .391 .397 .438 .443 .450 .404
¢ L+ .0l .049 .104 .212 .275 ,255 .380 .388 .337 .340
5 1 Bt .034 .099 .168 .248 .430 .397 .422 .434 446 .383
: L : .025 .101 .146 .200 .337 .389 .395 .377 .351 .302
6 : E i .081 .159 .224 .270 .352 .443 .418 .407 .377 .346
: Lt .05 .127 .203 .21 .264 .358 .361 .334 .294 .263
7 0+ B ¢ .126 .239 .324 .343 .392 .428 .450 .377 .319 .311
: L : 080 .172 .276 .2901 .312 .312 .369 .296 .258 .215
8 : E : .180 .251 .331 .366 .363 .395 .391 .375 .204 .239
: L ¢ .138 .205 .267 .325 .319 .342 .333 .330 .19 .257
9 ¢ E : 177 .281 .382 .422 .413 .410 .400 .382 .312 .110
: L ¢ .139 .208 .296 .345 .366 .352 .352 .330 .209 .135
H H
10 1 E .25 .325 415 437 437 .426 .392 .369 .367 .238
H H
1 2 E i .205 .200 .438 .422 406 .443 .425 .4OL .367 .294
s L ¢ 177 .267 .328 .431 .406 .401 .357 .324 .290 .217



P’igq 3-

Mean errors for the right and left target-~halves on the early
and late trials averaged for the six Os for cach of the 11
fixation conditions of Exp. I.
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the experiment, Session 6 was also eliminated from this snalysis.
These results show that there were only two reversals of the curves
(i.e,. fewer errors om the rvight half of éhe target ihan.an the left
half) out of the 22 curves shown. These results are perhaps more
elearly'seen,in ?tg. 3 ané Table 3, wbieh show means of errors per O
per element per session for the right and left hmivea of the pattern
Iéﬁ a function of the fixation location. In only two cases are there
{mbre exrors on the left side of thé ﬁat&atn thﬂn~nﬁ the right side-~
anﬁ these differences are aiight. Figs. 2 and 3'$hbﬁ that there is a
tandeaay toward xaversal. ?ha error distribution does become more
nearly symmetrical as move of the elements appear to the left of
ftxagﬁan. Pig. 3 shows that ﬁhe.rxéhtwlefa diffe?encaé*éxehéﬂrtualiy
nan;éxistant for the cases where seven or more elements fall on the
left nf fixaziaa,_fThis ﬁifferenae 16 not altered with practice.
Thi;_faiiuxe of the curves to reverse themselves in incon-
sistent with the results of past studies (ﬁareum, 1958b; Camp, in

press), It does not corroborate the curve-reversal hypothesis.
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‘Table 3

Means of Errors per Element per Exposure per Observer for
the Left and Right Target Halves for the Early and Late

Sesgsions of Experiment I

FIXRATION LOCATION
3 4 5 1) 7 8

.233 .190°.196 .217 .285 .298 .335

140 .130 .161 .172 .226 .251 .271

.362 .340 .363 .322 .280 .271 .276 .:



Discussion

Error Distribution

The error-distributions resulting from reproduction of
pattexng"eqused;whaxxy”ta the right of fization and patterns bisect-~
ed by fixation are in agreement with the empirical findings as well
as with thgiiﬁaorgtical approach teken. Interpolated positions be-
tween the all-to-thesright and one~half-to-the-right conditions have
no cmpirical counterparts, but they are in agreement with the theory.
These findings would indicate that the reading habit, giving z;se to
perhaps implicit left-to-right scanning processes, 1s a critical de-
terminer of the perceptions. The primacy effect, or tendency to per-
form more accurately for elements at the beginning of the materiagl--im
this case the left end of the pattern~--is evidaﬂt, and the general
shape of the curves seems to closely parallel that of classic serial-
position curves. These curves generally have a definite left-to-right
directionality.

The error distributfions obtsined for patterns exposed wholly
to the left of the fixation point do not agree with previous empirical
results (Harcum, 1958b; Camp, in press). The errorscurves obtained are
symmetrical, while the error-curves obtained in past studies of succes~
sive presentation show a low point for elemeants adjacent to fixation, a
relative low at the most eccentric position from fixation, and a maxi-
mum just to the left of the geometric cemter of the pattern. This can
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be more simply defimed as g right-to-left dircetionality. It has been
assumed that a xigha@tovlefa ecann&ng process yraducad these results.
Tha present ﬁeaaits suggest - that this is not. tha &aaa~ ?h& major dif~
ference betwaen the gtesann expartmenh and past experiments in binary
pattern xeeogn;tien ig in the amnunt af alternativa pattern locations
‘gekative.tg-eha fixation point. xn Karaum? {1938b)" tesearah there .
were th:aa‘péééible'gxiemtaxiqna»+Lefti x&g&;,;an¢1ganga:, zngﬁampis;
(iﬁﬁpress} research there were only two @rieneatianéwﬂléft and right.
Ia the present exgeriment thexe were 11 gess:lble ;xattem orientations.
It seems pieusibie that the. diffexances hatwaen the results obtaxaed

in this eretimenﬁ gnd‘thﬁaa:obtaiaad in pgatfrasearch.may be aggqgnteé
ﬁar in tarﬁs‘af a deatsiﬁnﬁmmking h%patkﬁais. ﬁince tha sahaéuling of
stimll was tahdw in the ga::esem: experiment, t:he:e sheuid have been no
preéispssition on the part of the O to respond in any glven way ;e the
stiguli, (i.e., a predetermination af-sean 61récuien) %his ﬁeans that
at éame\paint in the parnaptianwtespanaa sequence a deciaian had to be

" wmade as to just how to acan ‘the patteru. fhi& detigian is part of the
task of perceptian, and Iike a percepzion, it requires time. Decision
teactiaafttme is significantlyAinfluenaeﬁ by two major variables, namely
the nunber of chofices and the diaer&m&nébtlimy of the choices (Henmom,
1906; Kries & ane:hach,,i§7?; ﬁ%rkal, 1885). Considering the two empir~
ical studies cited, it is aeen,ﬁbaz ;hege wﬁa a maxiﬁum of ghree choices
to be made, since Kaxcuw?s_yagterns were located in only one of three
oxiengattaa;. It is xiﬁawise evident that these three choices are highly
discriminable. It can’thgteforg be poétuiace@ that tﬁﬁre.waa aafficigﬁt
time in the tpaal,pereéﬁtién for this choice to be made, ag@ the ¢hpsen ™

scanning direction applied before the neural after-components of the



retinal stimulation haed dissipated., MNow, considering the present re~
search, there m@re,ll_baaesvfér'ﬁecisian; these 11 bgses were certainly
less discriminable mexely because of smallex spatial differences between
the various pattern lezstions. There are, then, two possible explana-
tions of the vesults. The first is simply that the choice behavior
required so much time that there was little opportunity to make use of
it once it had been made. The vesult of this might well be one grand
ﬁ&cisipn,ta'rasgené to all patterns in the same way (i.e., left-to-right
movements). This notion taken alone would predict highly similar error
distributions for all fixation conditions. It is possible that this
“set" vesponse conflicts with more basic, or at least more efficient
tendencies when the majority of the target falls on the left side of
the fixation point (i.e., right-to-left movements). This would create
& situation analogous to an ambivalence at the choice point in '3 maze.
1f this ambivalence results ta‘alzaxnatiaarbehaviar;'then’alternation
behavior should increase as more elements fall on the left side of the
fixation point; and the proportion of right-tosleft movements should

increase as wore elements fall to the left of fixation, -

Learuing Effents

ene purpcae of ch&s reaearch was to attempt to make a desw
cr&ptzve aaaxysia of the nacnre af thz arrarwdea:easa rasulting fram
practice. Ko adequate or accurate ganetaliaatinns frmm the data can
ba made coucernins the 8gac£££c natura of ehase changes‘

The results ubtained show little evidence of earlier hypath«
esizad aensitivity factors. It 15 beiiaved that this may be- due to the

;ype of respansefreqarﬁing sheet used sinqa the O prabably arganizes .
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his perceptioms im such 3 way as to minimize the difficulty of pattern
reproduction, In this experiment the two extreme fixatiop~locations

(1 and 11) can be said to subtend a horizontal length of 20 elements
bisected by the fixation ¢ross. The response sheets used contsined

only ten blank elements and no fixation cross. Therefore, it is prob-
ably not maximizing reproduction ease to consider the target orientation
inportant as a mmemonic or organizational aid in this task, The important
factor must be the structure of the pattern itself, Knowing the loca-
tion of the fization cyoss is of little valuve vwhen the reproduction
sheet contains no fixation cross. Since the hypothesized attensity
factors are so closely allied to the point of fimation, it seems prob-
able from both a logical point of view as well es from the actual data
that attensity factors were of minor importance in the perceptugl re-
sponse.

It can now perhaps be stated that the changes occurring with
practicé must be changes in the previously discussed mnemonic components
probably accompanied by an increased wotor efficifeticy. Execept for the
extreme left elements of the targets, which showed only a small errox
decrease, the error decrease at each elemernit position is apparently
not lawfully variable. Lepley (1939) found that the percentsge of
errors made on the first half of the syllable list became progressive-~
1y smeller with practice; there are no guch indfcations in the present
results, Lepley attributed this to a broadening of the épan of
attention., If this span of atteation is analogous to the perceptual
span mentioned previously, Lepley's results may still bear on the
present data.

The error decrease im the present resesrch must be the result
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of an increased scanning efficliency; this is rather vague terminology
at best. What is meant by "increased scanning efficiency” is first an
‘actual increase in wotor performance, and, second, an imcrease in the
geﬁexaz efficiency of the mmemnnic pracessas¢~gerhaps accompanied by
’ a wideaing of . tha gerceptuai spnn. Ferhapa tha best analogy to be
&raun is a com?axison of tbe presant rasuits to the agtensible outcome
aﬁ &raining iu raading skiiia. Thare are sevarai measures nf reading
efﬁiei&a&y, tne &mgrovement &f whinh definas an increase tn the reading
skiil. &mnng these measures are iuarease in sp&n and the rﬁlated in~
crease in reading speed plus the ability to assimilate and retain a

‘ greatar‘amuuat of the ianrmativu»in the writtan.material. It is
probable that the ﬁreseni‘décreaéé in errors reflects 311 of the above
components., However it is impasaib&e, either on a subjeetive or an
objective level, to analyzp the relative strengths of these probable

socurces in improvement, -



Experiment II: Purpose of the Study

Exp. I ylelded error-distributions which appeared to be
derived mostly from mmemonic and organizational factors with little evi-
dence to support the existence of attemsity-sensitivity factors. It
vas possible that because of a lack of a reference point on the response
sheet corresponding to the point of fixetion on the target, the impore
tant factor in recall and reproduction was the intermal structure of the
pattern, rather than its position in the visual field relative to the
fization peint.

Exp. II was designed to test a mew hypothesis specific to the
new respomse situatiom, plus the two hypotheses of fxp. I. The first
‘hypothesis is that the error distributions obtained demomstrate a
‘lowering of errors near the point of fixation regardless of the location
of the pattern relative to the fixation cross when the fixatlon cross is
represented on the response-reproduction sheet.

In Exp., II the response-recording sheets consisted of rows of
twenty blank elements bisected by an "x", which represented the fixation
cross, Using this type of response form, it was hypothesized that the
resulting distributions of errors as a fupetian of element-position
would show a decrease in errors near the fixation point. This &s
because in all cases, except in the two where the target is either
wholly to the right or to the left of the fixation point, the end of the

tow of blank elements on the response form do¢s not serve as an adequate

]
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reference point or boundary for the response. In all target orien-
‘tations the fixation point must mow serve as the basic reference
point. The postulated mnamun&a:factmgg_mustfatiil exist for the per-
ception of internal sttucture‘o£v§he pattern.

The secand hgpothesis is tha: laaraing. as measured by a
ﬁecraase ip errmws with ?tﬁcti@ﬁ nf binary»pattetn ragra&nction.
occurs. fhe third 19 :bat when the majority ¢£ paxtarn*elements fall
on the right siﬁe of ahe.fixatian point, the erroxr &1stribntion has a
left-right directionality (i,e.,‘mnrelaccurgﬁe‘xapr»du¢t&aﬁ:qﬁ thgt;efn
tavget-half than the right half); as more elements fall on the left of
the fination point, the distribution passes through a state of symmetzy
uvatll it finally reverses its direction (i.e., more accurate reproduction

of the right target-half than the left).



Method

G&sezvaxa
The 03 werc one man and two mnman undaxgradnauewstudents of
the cal&ege of w&lliam and Mary, who were paté fmr their services. . Bach

had 23«29 visieu or. bettar.

Appamt:ua

‘J:he e;achistaswpe, t:axgat:s, and presenmtmn sequencea mze
.Men&:tcai to thosa umd in Ex;&. i. Hcmwa:, f:he raaponsa-renor&iug
sheets ware cms%::uc:t;e& differantly fm thése used in Exp, I. The
respanse-recording tanqziate fqr eae:h absemtim consisted of 20 un-
fiiied circles w&ﬁh @ “’x",' mpreaeating the fim!::tcm point lmzaced
betueen the mnt.h fmd eleven:h elmnts. Eaeh mspmzw sheet: consisted

of 28 such t:empiates arxangad in m w}.m and 1& Tows.,

Procedure

The nature of the task was expleined ,sm the O exzactly as it
had been done im Hxp, I. 4s before, there were ten separate expexrimen~
tal' sessions, cach consisting of the exposure and reproduction of 308
targets presented in vandon order,

. Again one error was scored for each clement filled in the

target, but left blank by the © on the response-recording sheet; and
one error was scored for each blamk -element on the target that was

filled by Q on the score sheet,

i



Results

The totals of errors made by each O at each element~position
for each fixation location within each experimental session are shown

in the tables in Appendix F.

Learning Curves

Fig. 4 shows the means of errors per elewment for each O as
a function of the ten sessions. Because the data are skewed the
curves are plottad separately. Table 4 shows this data in numexical
form. The lower tﬂa-cu#ves in Pig. 4 are negatively accelerated and
become asymptotic at about Sessions 3 or 6. The upper curve shows no
learning and is essentially flat. In all cases the final session
yielded fewer errors than the first session.l The learning hypothesis
is supported by two of the three Os.

In comparing the present learning curves with those obtained
in Exp. I, it was found, using the Mann-Whitney Ue«Test, that the errors
made on the first session did not differ significantly (U = 4; p 5 ,262)
between the two groups, but that the errors made on the final session did
differ significantly (¥ = 0; p # .025) between the two groups. This

would imply that greater learning was shown in Exp, I than in Exp. 1I.

1 The reliability of these differences cannot be tested because even
the one~tailed probability of a consistent unidirectional change based
on a2 binomial expansion is about 125, meaning that random variance
would produce these results one time out of eight.
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Fig. 4. Mean errors per element for the three Qs for each of the ten
sessions of Exp. IIL.
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"COLLEGE OF WILLIAM & MARY

Table &

Means of Errors per Elgmant”pex‘ﬂipasuxe far the

Three Observers for the Ten Sessions of Experiment 1II

OBSERVER

1
L.K,  .426
G.W. 443
J.8, 428

MEAN 432

. 396
434
. 394

414

3
. 379
450
. 369

. 399

%4
. 358

<457

.331

.382

SESSION
5

.373
. 368

. 397

6
.363
441
. 350

. 384

7
.364
453
. 341

. 386

8
- 350

<345

. 380

A
.332

<377

10
L343
436
.329

. 369

31



Error Distribution

Fig. 5 shows the means of errors per element per exposure
averaged for all Os plotted as a function of element-position for each
of the eleven locations of the fixation point. Again the solid linme
shows the results for Sessions 2-5 and the broken line the errors for
Sessions 7-10, Table 5 shows these data in mumerical form.

It can be scen that the major effect nffpracciee is a rather
large decrease in errors in the vicinity of the fixation cross; there
is no pronounced decrease in errors resulting from practice:in any
other target area. In fact, there is a tendency toward a compensatory
increase in errors in the target peripheries in many cases.

The shapes of the curves for the final four sessions are
extremely consistent; the points of minimum errors lie just to the
right of fixation without exception. In the majority of cases elements
three or four positions eccentric from the fixation point yield fairly
flat curves; this stabilization is at abqut 0.5 errors pexr element,
Chance expectancy in this experiment {(i.c., O fills in &ll elements or
leaves all clements blank) is exactly 0.5 errors per element since half
of the clements in each position were filled and half were wnfilled.
Therefore, errors made three or four elements eccentric from the fixa-
tion point were seldom much greater or less than sheer chance factors
would produce., The first hypothesise-that a lowering of errors near
the fixation point would occur~-~is supported,

Fig. 6 shows the means of errors per element per exposure
averaged for all Os plotted as a function of the fikation-point location
for the five elements composing the left half of the target and the five

elements composing the right half of the target. Sessions 2-5 are shoun
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Mecan errors per clement position on the early and late trials
averaged for the three Os for each of the 11 fixation conditions
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Table 5

Means of Errors per Element per Observation under Eléven Pixation
Conditions in the Early and Late Stages of Experiment II

Element~Position from Left

55

Fix. _Stage L2 3. 46 .5 .6 7.8 9 10
1 : E ¢ .202 .196 .258 .392 .529 .461 464 .449 485 488
;L ot 157 .127 .199 .330 .464 443 .467 .446 .538 .476
2 : B 3 .208 .282 .279 .336 .434 .502 .514 .428 .49 .488
s Lt L2646 .223 .196 .336 .452 .49 482 .428 .520 494
3 i E ot .282 .220 .315 .315 .437 .440 .497 .446 .488 .488
: L &  .360 .250 .217 .241 .386 .452 .553 .506 .502 .473

4 : Bt .315 .360 .276 .321 .360 .369 .547 .470 .464 .455
f L3 .306 .392 .252 .166 .252 ,395 .470 .443 .502 .485

5 ¢ E ¢ .367 .422 .357 .303 .363 .398 ,389 .455 .434 .440
: L i .395 .437 .377 .244 .202 .285 .363 .485 .431 .401

6 : E : .386 .43 .508 .404 .357 .363 .380 .336 .431 .392
: L 3 .389 .514 .565 .434 .261 .217 .264 .416 .413 366

7 ¢ E ¢ .46l .485 .553 .437 .401 312 .324 .303 .247 .294
: Lt 416 ,422 .539 470 .446 .276 .202 .175 .312 .273

8 : B : 449 425 .508 .479 .419 .395 .279 .309 235 .261
s L i .485 .4B4 .4B5 .532 .491 .419 .229 .205 .166 .264
9 : E i .455 .449 .479 .491 .502 .502 .398 .267 .238 .190
10 : B :  .497 .520 .488 .505 .479 .502 .431 ,360 .300 145
L @ J455 482 .467 .485 .434 .511 .354 .303 .208 113

11 : E : .49 .520 .383 .514 .508 .559 .419 .436 .288 .247
Lt J497 491 455 .4B2 467 .470 .419 .389 .247 .197



Pig. 6. Mean errors for the ri.gm: and ief’; t:aigetéhalwa on the early
and late trials averaged for the three Os for each of the 11
fization conditions of Exp. II.
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Table 6

Means of Zrrvors per Blement per Exposﬁra'periebﬁaxvﬁr for
the Left and Right Target Halves for the Barly and Late
Segsions of Experiment II

STAGE  SIDE FIXATION LOCATION
i 2 3 4 5 6 7 & 9 1011

E 1L .316 .308 .314 .326 .362 .420 .267 .456 .475 498 .484
R .469 .485 .472 .461 423 .380 .296 .296 .319 .348 .389

L L .255 .290 .291 .276 .331 .433 .4663 .491 .483 .464 .478
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by the solid lines and Sessions 7«10 are showm by the broken lines;
Table 6 shows these data numexically. Figs. 3 and 6 show that the
_curves did reverse as tﬁérfixaﬁion'lacation was changed. %he tziangle
representing the fixation lacation in Pig. 5 aaams to represent a sort
of fulcrum or point abaut whiah the error functions pivot. As the
fization polnt is moved frmm.the exnrema ;gﬁe af tﬁ& target to the
ext¥ema‘r£ght; there 48 a progressive increasing of errors on the
left half afithé target aacampaniaa by a praaresaiva decrecasing of
iexrﬂfﬁ on the right half of the target. This veversal is 9erhaps
more clearly seen in Fig. 6 in which the err@z~¢urves for the right
and left halves of the target show fewer ervors on the left side when
the majority of elements fall on the right of’th§ fixation point, and
.fewer errors on the right side when the majority of elements fall to
the left of fixation. The crossover or symmetrical point falls

. slightly to the left of the sixth fixation-position. Therefore, the

weversal hypothesis a&s stated is supported.



DPiscussion

Practice Effects and Errvor Distribution

The results shaw'£hat'§ery 11#&1@ 1ea:niag, as defined by
decreases in errors, occﬁfééﬁ in thié experiment. Yet the changes in
the shapéé'of the‘actuﬁi'éé;or'diétrihutiens sﬁdw quite{ﬁefiﬁttely ﬁﬁat
@éxceécual chaﬁges did occuy with incrensediéfactlca, This change is;
ﬁarﬁﬁy of further consideration. It was concluded 1n.ExQ;AI théﬁ the
respanse»recofding forms indnceé:éhe use of wmotor, mhemonic, and or-
ganizational factors in thé perception and reproduction of tﬁé §attern.
AtteasityAqr sansitféity £§ctors éére m@niﬁ%ﬁ. The presehae ﬁf iéérning
wgs“statisﬁicaiif demcnétraﬁle,‘énﬁ-af a greater magniﬁﬁde iﬁan in
Exp. L. Fu;thet, it was not generally concentrated on a specific poxe
tion of the target (i.e., peaélgﬁe'fixation point); as in Exp. IXI. The
present expezimentlwaﬁ deéigned’;o mazimize the sensitivity factors.
The results would indicate §h#t this is exactly what happened; they also
indicate that the motor camgnué#és and pr&viaﬁsky‘éiscussed memonic
components are minimal. That they were not completely absent 1a'i§6£-
cated bylthe small p}imacy effect (fewer errvors unear the origin oﬁ\the
scan) and end-segregation effeci {fewer errors ﬁade near the cerﬁination
of the‘écaﬁ). Yet it is quite likelf that what has previously been
-referred to as sensitivity factors may in reality be nothing more than
a different way of remam&ering, or simply a different mnemonic process

from that yielding standard serial-position data. Purthermore, these
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two muemonic factors may be thought of as different perceptual responses
cued by differential attentional factors. With different tasks it may
be more advantageous to attend to different portions of the stimuli in
different ways. When Mighkin and ?argays,(1952§ and Heron {1957) ruled
out attentionsl factors as significent determiners of. the perceptual
response, their-pracedp:a waélaéequate only as a methed of shpging.
-that stimmlus~induced ai;gutinnal factors are not significantly changed
by a knowledge of éhe stimulus location. ?pis is somewhat different
from concluding that attentional factors are not important determiners
of the perception. It is believed that the pxesent.two studiss utilized
methods whereby this factor labeled as "attentional® can be showm to be
of extreme importance.

This-discu&gion,of what has been labeled sensitivity or
attensity factors ggain brings up the role of the anatomical aspects-
of the receptor geography of the rvetina:. The question to be asked is
whethe§ these error functioms in the present cxperiment do reflect
solely anatomical differences velated to come distribution in the retima.
This notion quite 1agically cannot be disregarded in Light of both the
present results and previocus results (Camp, in press). Camp (in press)
showed that & manipulation of the actusl physical strength of the
stimuli as a direct function of the errors made in previous dats re~
sulted in response changes within the foveal area. The changes then
decreased until they were virtually nenﬁexistegt in the periphery of
the macula. A comparison of the stimuli employed in Camp's experiment
with those of the present experiment shows them to be virtually identi-
cal with respect to number of elements and visusl angle subtended by

the pattern. Reference to Fig. 5 shows that in general a decrease of
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errors occurs adjacent to the fixation point primarily in the foveal
region {(about the distance subtended by two elements on ecach side of
fization), This decrease of errors furthar decreases until it becomes
non+existent before the macular periphery (about seven elements on each
siag‘aftftaéuién)‘is"x&achea,< Beyaﬂd:this»pﬁint'erraxg seem to be
determined relativaly by chanca fsctors (i.e., mmans of about .5 errors).
The shape of ﬁhis exrror dianzibution is highiy $im11&r ta both percep~
tual acuity gra&ients and cone éeasity in the zetina. ‘This . ﬁmght well
indicate a pufe ghyaialogical axplanatian of the present rasulta. 1t
is, hawaver, believed that this is ef secandazy imparcance in the sense
that ome is adéﬁﬁg 11t£1e to the Body of @aieneiﬁic kﬁﬁﬁiadge by saytng
that acnity factors ara impartant éatetminerﬁ of petceytual respanses.
The important polnt I1s just why these sensitivity faato;a«ara~sematimea
dominant ané sometines subordinate in the perception. |

An examination of the changes aaeurriﬁg with practice as shown
in Fig. 5 of the results should aid in a clarification of what must now
be meant by the term ''sensitivity” in the context of the present research.
if sensitivity is to be explained in physiclogical, as opposed to mnemonic
and attentional factows, it must be asked why the errox curves fox the
early sessions {i,e., 2-5) do nnt»shaw-this.&earease in errors adjacent
to the fixation péinﬁ. it eannaé‘ﬁa logically pestulated that there is
'any’gtoas change in central visual acuity which tokes place. chaage
must be im learning to use the existing avatlable parcaptual mechaaisms,
er aﬁmpiylia learning to attend to the stimulus in a given manner~~
which ostensibly provides for maximum efficiency under the existing
conditions. These conditions aye determined by both the nature of the

stimulus and the nature of the task. In the present experiment the
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task was such that a scanning process (which is perhaps induced by the
linear array of clements) does not sexve as an adequate perceptual
mechanism for the organization, retention and reproduction of the bi-
nary patterns. This &s because the task of reproduction doesrnot lend
itself to this sort of a perceptual analysis of the stimuli. Attending
serially to the pattern is efficient only when there are sexisl-like
reference points on the reproduction form (i.ec., an origincand termi-
nation). Without these reference points, even though the beginaing
and end of the pattern may be relatively accurately perceived, theirx
spatial locations relative to the specified reference point (fixation)
cannot be accurately determined. The reproduction forms used in the
first experiment contained only the origin and termination reference
points, It was hence not efficient to use the fixation cross as a
mnemonic reference point. The reproduction forms used in the present
experiment contained only the fixation location as & memenic reference
point. Hence it was not efficient to use the target extremes as refer«
ence points.? The organization, retention, and reproduction of the
stimyli were hence oriented toward the fixation location. The targets
were thus attended to in two different ways in the two experiments.
Purther support for the dominance of scanning process i{n the
first experiment and its subordinate role in the present experiment will
be briefly discussed, These analyses should be considered parenthetically

because the methodological validity is weak, If the assumption can be

2 It may be sensibly argued that for conditions when the target appeared
wholly on one side of fixation there is virtually no difference in the
response sheets. It {s assumed that the different error functions for
these target locations in the two experiments are produced by the habit~
methods of reeponding which differ between the two experiments.



made that sensitivity factors produce a relatively constant effect near
the fixation point, then a summation of errors for each element position
for all fixaticonepoint:locations should reflect the scanning process

independently of the saas#g;y%gxwggggggﬁgﬁﬂw,tt iz asgumed that the

“sensitivity processes would be adding a constant number of errors at

each element position., This analysis was performed in both experiments.
The resulting error curve for the first experidient was fndistinguishible
from erroy curves cbtained fyom the learning of ten-gyllable 115&3 of
nonsense syllables (McGourty, 1940) when plotted as percentage of total
errors (see McCrary and Hunter, 1953). The resulting exror curve for
the present experiment yielded a much flatter distribution of errors
indicating that perhaps the processes producing the "normal" serial~
position curves in the first experiment (i.e., scanning processes) were

minimal in the present experiment.

Curve Reversals

The results have shown that the exror curves showed a domi~
nance of errors on the right balf of the target when the majority of
elements were on the right gide of the fixation point, a symmetrical
digtribution when the target was bisected by the fixzation point, and
a dominance of ervors on the left side of the target when the majority
of elements fell to the left of fixation. The hypothesis predicting
these results was based on the use of a scamning mechanism. It has,
hﬂﬁever, been concluded that the scanning process was subordinate to
sengitivity processes in the present experiment. These facts are ine
consistent even though the hypothesis seems sugpogtaé. ‘It iﬁﬂﬁeligvéd

that the present results can be adequately accounted for in terms of
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factors involving no motor factors at all. If the perception is cen~
tered about the fixation point, and mo scan occurs, it must be that the
%timu;i are percelved with greater clarity near this point. Clarity is
pot considered as a relatively simple ascuity factor, but rather as a_
more complex interaction of aculty and mnemonic factors. . The elements
near the fixation point are moxe clearly perceived and more easily
located according to their position; the nearer the element lies to
the refervence point, the less confusability as to its location relative
to the reference point. This definition of clarity alone would explain
the obtained regults. Regardless of how clarity is defined, it is
obvious that, when the scanning process is negiigibte, perceptial
acauracywmag.bé,ééié-cn be an inverse function of the distance of the
elements gram_the fixation point. Hence when one side of the target has
more distant elements from fixation, perception of these movre distant
elements will tend to increase the average errors of reproduction made
on this side of the target. When the elements are equally distributed.
on either side of fixation, they should be equally well perceived taken

in half-target units,

























































































































































