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Abstract

SOME VERBAL FACTORS INFLUENCING TACHISTOSCOPIC
RECOGNITION OF WORDS
by
Patricia Buttacavoli

Adviser: Professor Emeritus William S, Battersby

Recently, tachistoscopic studies have investigated differences
in hemispheric functioning in response to simultaneously exposed
alphabetical materials, The results of these. studies have been
equivocal, This inconsistency can be explained by methodological
shortcomings including failure to control for directional reading
habits and allowing observers to develop field preferences, In add-
ition, these studies can be criticized for reporting only group data;
failure to consider the reliability of field asymmetries; and using a

single exposure duration,

The present study sought to eliminate these. deficiencies by
employing the following paradigm, Four dextral observers were
tested monocularly in five test sessions., Vertically mounted words
and. nonsense syllables were presented bilaterally at each of four

exposure durations using a tachistoscope that illuminated the two



half-fields -equally. There were four stimulus presentation conditiqns—
words in bc;th half-fields (WW); a word in the right half-field-a non-
sense syllable in the left (WN); a nonsense syllable in the right
half-field- a word in the left (NW); and nonsense syllables in both
half-fields (NN). All stimuli were presented at a retinal eccentri-
city of 3° from fixation, .

The task was to identify verbally any word and its location
(RVF ar LVF)., Nonsense syllables did not have to be reported,

Each test session was divided into two parts (one for each eye)
of 160 trials each, At each of four exposure durations, ten cards
for each condition (WW, WN, NW, NN) were presented, Type of
stimulus material, exposure duration, and field of presentation were
randomly varied; The eye initially tested was counterbalanced
across sessions,

The results do not seem to support the hemispheric special-
ization hypothesis. While all observers did correctly identify more
words in the RVF than in the LVF, these differences were not signif-
icant at the group level., When stimulus conditions were compared,
scores for the WN condition were significantly greater than those
for the WW condition.

The resulté on an individual level reflected the group findings,
i.e. most scores failed to achieve statistical significance when
fields »f presentation were compared, and most scores were sign -

ificant when the two exposure conditions were compared,
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INTRODUCTION

In recent years, many studies have attempted to uncover
the functional differences between the visual half-fields, most
frequently by using short exposures of varied stimuli., Most of
this tachistoscopic work has employed a successive design; i,e.,
on any given exposure, the stimulus material is presented in either
the right (RVF) or left (LVF) visual half-field of the eye. When
alphabetical material is exposed, the common finding is a right
visual field superiority, that is, a greater per cent correct
identification occurs in the right visual half-field (White, 1969).
When a simultaneous design is employed, however, the findings
are not so consistent, In this procedure, stimuli:are presented
in both half-fields of the eye at the same time, hence the desig-
nation simultaneous or bilateral, Under these conditions, some
investigators (Heron, 1957; Bryden, 1960; Bryden and Rainey,
1963; Neill, Sampson, and Gribben, 1971) reported a LVF super-
iority; others found a RVF superiority (McKeever, 1971; McKeever
and Gill, 1972; McKeever and Huling, 197la and 19715; McKeever,
Suberi, and Vén Deventer; 1972; Hines, 1972, >1975; Mackavey,
Curcio, and Rosen, 1975), Most of these contradictory findings

can be attributed to a myriad of factors, including :dfifferences in

stimulus control, (orientation in space, placement'in the field,



nature of the stimulus material), and/or procedure (instructions,
type of fixation spot, length of exposure): etc, It was the
diverse findings obtained with the simultaneous exposure procedure

that led to the present study.

Influence of Directional Reading Habits

The early work using simultaneous exposures usually
employed a horizontal array of letters as the stimulus, Heron
(1957) used eight letters, four to either side of the fixation point,
He found that more letters were recognized in the left visual field
than in the right visual field, When letters were displayed uni-
laterally (successive design), however, those to the right of fix-
ation were recognized more frequently than those to the left, To
explain these results, Heron postulated a neural 'process, based
on the left to right reading habits acquired through experience,
Since the exposure durations used were too short to allow actual
eye movements, Heron postulated that neural traces of the stimulus
material are reviewed (" séa_nned") post-exposure in a left to right
order, Thus, in the English language, when using a horizontal
display of letters presented bilaterally, the left-most item (anal-
ogous to the beginning of a line of print) would be scanned first,

‘and according to Heron, the subject would be expected to

demonstrate a LVF superiority. In the case of a unilateral



stimulus presented in the right visual field, the tendency to scan
from' the beginning of the line and the tendency 'to move the eyes
to the right are in agreement, Therefore, one might expect
greater recognition scores in the right visual field than in the.
left visual field,

The foregoing concepts are not particularly precise and have
been partially refuted by studies employing bilingual subjects
whose first language was Hebrew (where readi‘ng is performed in
the reverse direction from English; i.e, right to left), Barton,
Goodglass, and Shai (1965), sought to eliminate the influence of
reading habits by presenting vertically arranged words, using a
successive exposure technique, On half the trials, Hebrew words
were presented, on the othe;' half, English words, Barton, Good-
glass, and Shai found a RVF superiority obtained for either right
or left eye, for both Israeli and American subjects, and for both
Hebrew and Engl'ish words, Unfortunately, a successive design
was used and hence an accurate comparison between left visual
field and right visual field scores could not be demonstrated on
any one trial, . Orbach (1953) too,used bilingual subjects to study
the relationship between reading habits and the recognition of
verbal material., He employed a successive exposure procedure
for the binocular viewing of Hebrew and English words. For Heb-

rew words, Orbach found a LVF superiority for subjects whose



first language was Hebrew, and a RVF superiority for subjects who
had learned the Engliéh language first, For English words, a RVF
superiority was reported, regardless of the subjects' naf;ive tongue,
Kershner and Jeng (1972) used some of the innovations
suggested by Barton, Goodglass, and Shai, and in addition used
Chinese subjects, (The Chinese language is read from right top
to bottom left and is arranged in vertical columns,) A simultan-
eous design was used to present Chinese words and English
words and geometric forms to subjects who viewed the stimuli
binocularly, When vertically mounted Chinese words were pre-
sented in both right and left visual fields at the same time,
more words were identified correctly in the right visual field than
in the left visual field. When English words were presented
simultaneously, in a horizontal orientation, again,a RVF superior-
ity was found, not a LVF superiority as Heron's theory would
predict.‘ Simultaneous presentation of geometric forms yielded no
difference in ho;/v the stimuli in the right- and left visual' half-
fields were perceived, On the other hand, when a successive
presentation paradigm was employed, significantly more forms were
perceived in the RVF than in the LVF, However, an important
criticism of this study is that the exposure durations that -were
used were quite long (125 msec,) and overt eye movements may

have occured,



Influence of the Nature of Stimulus Material

It should bé clear from the foregoing that both the nature of
the "verbal" material and its “spatial" orientation are important
in demonstrating either;a right visual field or left visual field
superiority. Bryden (1960) used a continuous line of either let-
ters or geometric forms covering both left and right visual half~
fields (centered about a fixation point) which was viewed with
both eyes (binocular viewing). He found that significantly more
stimulus material of both types was recognized cormrectly i.n the
LVF than in the RVF, He also noted that subjects tended to re-
port both types of stimulus material in a left to right order,
suggesting a response bias. In a later experiment, Bryden and
Rainey (1963) used the same design as above, and in addition
introduced a third type of stimulus, outline drawings of familiar
objects, Still, the same findings were reported, a left visual
field superiority regardless of the nature of the stimulus material
presented upon binocular viewing.

Binocular observation, in fact, means stimulation of homon-
ymous half-fields, hence nasal-temporal hemi-retinal differences
may be involved. Neill, Sampson, and Gribben (1971) used
three randomly chosen letters (per field) in a horizontal simult-

aneous display procedure, so that both half-fields of the same



eye were stimulated on any one exposure, When nasal and tem~
poral hali-fields were compared in the monocular viewing con-
dition, ‘material in the temporal field was identified correctly
significantly more often than that in the nasal field, irrespectivé
of eye. Neill, Sampson, and Gribben examined left-right half-
field differences as well, For monocular viewing of simultan~
eocus stimulus displays, a left visual field superiority was found
for both right and left eyes, When the simultaneous array was
viewed binocularly, a left visual field superiority resulted,

while a successive design yielded a right visual field superiority.

Influence of Central Fixation Devices

As noted by McKeever and Huling (1971b), the experimental
designs used in all of the above cited studies can be criticized
on several methodological bases. For example, the exposure
durations emplo'yed were often longer than 100 mseé. , the min-
imum time needed for overt eye movements to occur, Secondly,
long exposure durations can result in the formation of afterimages,
particularly at high luminance levels, Further, the use of single
letters or strings of letters (which do not connote meaning) might
be inappropriate stimuli for determining whether the cerebral hemi~

spheres differ in their ability to process verbal material. More-



over, in many cases, fixation could not be ensured; hence the
subjects fnight not be equally attentive to both hali-fields, and/or
the stimuli might go to the unintended hemisphere, To overcome
some of these objections, McKeever and Huling made the
following improvements: short exposure durations; the use of

horizontally oriented "meaningful" words (common nouns) to

emphasize the verbal nature of the task; and a technique

(borroWed from Sperry) to force fixation, Specifically, an Arabic
numeral was us‘ed as a fixation point, and the subject was
required to identify correctly this numeral along with the' words
presented simultaneously to the two half-fields of any one eye on
every trial, If the numeral was not correctly identified, the trial
was eliminated, Using these more stringent controls, McKeever
and Huling found that significantly more words were correctly
identified in the right visual half-~field than in the left visual
half-field, This study was unique in that it provided the reader.
with the raw data for each subject, These data show that diff-
erences between the two visual half-fields were: extremely small;
did not occur reliably on an individual basis (although they were
apparent in group data); éhanged during ensuing trials; and were
generally more pronounced on early exposure trials than on later

ones,



Mackavey, Curcio, and Rosen (1975) replicated McKeever
and Huling's study, and they too reported a right visual field
superiority when horizontally displayed words were viewed monoc-
ularly and a digit was used to force fixation. In the second part
of this study, a right visual field superiority was reported again,
even though a vertical stimulus array was used to test the subjects
monocu.larly, and this finding held true whether or not a central
digit was present,

For the most part in the aforementioned studies, the stimulus
displays have been horizontally oriented, and hence the results
may reflect the prior influences of directional reading habits,
More importantly, the letters of each word do not ‘fall on homo-
geneous retinal areas; i, e, are not on the same isopter., To
avoid these problems, McKeever ard Gill (1972) presented words
in a vertical orientation and used centrally placed Arabic numerals
to control fixation. Subjects binocularly viewed tﬁe simultaneously
exposed stimuli., Under these conditions, a right visual field
superiority was obtained, even though the recognition level was
much lower than thatv found when words were presented horizont-
ally, A problem with this study is that the stimulus words were
presented at 1, 6° of visual angle from fixation, and hence may
have been on retinal loci thought to project to both cerebral hemi-

spheres (bilateral representation of the macula), This criticism



can also be leveled at thé work done by Neill, Sampson, and
Gribben (1971), The left visual field superiority that they
reported was based on a six letter stimulus array that spanned
only 2915' in total length,

In yet another study designed to investigate how forcing
fixation affects the perception Qf verbal (meaningful words) and
nonverbal (nonsense shapes) material, Hines (1972) confirmed the
prevalent results; greater recognition of words in the left visual
field with no center digit present, and a greater récognition; of
words in the right visual field when a central digit was present.
Hines used a horizontal word display and tested his subjects
binocularly using a simultaneous stimulus exposure procedure,
For nonsense shapes, however, either with or without a central
digit, more shapes were recognized in the right visual field., In
brief, only on the verbal task did the presence of the central
digit shift the asymmetry in recognition from the left visual field
to the right visual field. That both words and nonsense shapes
may be better identified in the right visual half-field was con-
firmed by Hines (1975) using a central digit to control fixation,
and exposing horizontally arranged words or nonsense shapes or
faces simultaneously to be viewed binocularly. In addition he

found that regardless of what other stimuli the words were paired
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with on any one given exposure, a large right visual field super-
iority was always present, In short, pairing a word with either
other words, or shapes, or even faces did not alter the right
visual superidrity for the recognition of horizontally oriented
words,

In all five of thé above mentioned studies, a right visual
field superiority was reported for the first time using simultan-
eously expos;ed “verbal" material. All five used a digit to
ensure fixation, but only two of the five (Mackavey, Curcio,
e;nd Rosen, 1975; McKeev.er and Gill, 1972) used vertically
oriented words, and these studies used very long exposure dur-
ations, and presented the stimuli quite near to the fixation spot,
respectively. Thus a central fixation digit may be a requirement
for demonstrating a RVF superiority, but if so, this would obtain
for both words and nonsense shapes. In any event, the possible
role of "meaningful" words as opposed to "nonsense" syllables,
has not been investigated with bilatéral simultaneous stimulué
exposures, either with or without a central fixation spot.
Presumably a word becomes "meaningful" when it connotes action
or déscribes an object (a verb or noun), while the same letters
arranged in a different serial order would not, i.e. would be

solely a nonsense syllable, Psycholinguistically speaking, the
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former would be a morpheme and would connote meaning, the

latter a phoneme and would not,

Hemispheric Specialization

The possible physiological basis of a right visual field
superiority for verbal material has been much stressed in recent
years, with particular reference to the concept of hemispheric
specialization (Milner, 1971; Kimura, 1966, 1973), According to
this theory, each hemisphere is "specialized" to process different
kinds of information or i'nput. The underlying asymmetry or domin-
ance of the left hemisphere is for the processing of "verbal"
material. This concept basically reflects the known fact that
left hemisphere lesions are much more prone to produce aphasia
than are lesions in the right hemisphere. On the other hand, the
right hemisphere is thought to be involved in visuo-spatial tasks.
This concept finds support in the effects of right hemisphere
lesions (parieto~temporal) which produce complex deficits in the
visual recognition of common objects (visual! agnosias)., According
to some (Kimura, 1966, 1973), when verbal matzrial is presented
in the right visual half-field, the retinal "input" traverses a more
direct path to the contralateral (left) hemisphere than to the ipsi-
lateral one, When the "input" arises from the left visual half-

field, it must go first to the right hemisphere, then via the
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corpus callosum to the left, and hence it undergoes some "degrad-
ation", For bilateral presentation of stimulus material that is
alphabetical in nature, Kimura acknowledges the role that reading
habits might play, and hence that al left v.isual half-field super-
iority might be obtained due to the influence of prior reading

habits,

Attentional Bias or Set

Other theories have emphasized the importance of set or
attention in prodiucing visual half-field differences. Kinsbourne
(1970) attributed the RVF superiority for the recognition of verbal
material to a left hemisphere dominance which results in a state
of expectancy for verbal input, If the subject expects a word to
be exposed, the left hemisphere becomes "primed" for activity,
and attention is then biased to the right side of the field..
Heron (1957) also offers an explanation focusing on attentional
bias, He found that if subjects were informed as to where in the
field the stimulus would appear, scores for correct identifications
in the left visual half-field were significantly greater than if the
subjects were uninformed., No such differences were reported for
the right visual half-field, Heron suggests that the more efficient
recognition of letters in the right visual half-field may be due to

a. tendency or set always to attend more to the right than to the

left,



In general, some sort of interaction between set and cerebral
dominance might account for the findings of a right visual field
superiority when verbal material is presented in both half-fields,
Of all the bilateral studies that report such a RVF superiority,
none had conditions in which the subject was unsure as to the
type of stimulus material to be presented. Moreover, in all of
the above~cited studies, the subjects knew or soon learned that
words- would appear in both visual half-fields on every trial,
Under such circumstances, it is possible that subjects would
adopt a "set" or response bias strategy, presumably to the right
side of the field, On the other hand, neurological studies have
indicated that patients with damage of the cerebral visual system
may exhibit an "extinction" of a perceived object in one half-
field upon stimulation of the coniralateral field, even when
attention is not involved (Bender,1952),

The present study attemptea to minimize the role of attentional
bias, while at the same time maximizing the "verbal” nature of
the material to be presented, This was accomplished by exposing
a three letter word in either the right or left visual field, while
simultaneously exposing a three letter nonsense syllable or another
three letter word in the contralateral half-field, The observer's
task was to identify only the word(s) that was presented and its

(their) field(s) of presentation. The fact that on any given trial

13
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words could’ be presented on the left, right, or both sides of fix-
ation reduced the likelihood of attentional bias operating, This

is because the best strategy for maximizing recognition in the
present paradigm w01.11d be to maintain fixation and not to attend
Fo a given field, The bias that might result from reporting stimuli
in a fixed order (e.g. ILVF stimuli, then RVF stimuli) was partially
corrected for by using trials in which words were presented on
eith_erlthe LVF or RVF, while nonsense syllablesiwere present in
the contralateral half-field,

With two exceptions (McKeever and Huling, 1971b; and
McKeever and Gill, 1972), all studies previously undertaken have
presented only group data, usually 4in the form of per cent comrect
identifications, Hence little is known of individual performance,
or, in fact, whether ény given subject would reliably demonstrate
a right visual field or left visual field superiority over several
sessions, Moreover, none of the above-mentioned studies has
measured psychometric functions at varying luminance or exposure
durations, and as a result little is known about sensitivity differ-
ences between the visual half-fields, If a left cerebral dominance
does indeed account for the presumed right visual field superiority
f;:>r "verbal" material, then it should be consistent over time and

reliably demonstrable at the individual level,



Summary and Objectives of the Present Study

In summary, many studies have been conducted to determine
the field superiority that results when alphabetical material is
simultaneously presented to both le_ft and right visual hali-fields,
The findings of such studies have been inconsistent, owing in
large part to methodological differences.

The primary objective of the present study is to determine
what field differences can be demonstrated for simultaneously
presented verbal material when an attempt is made to eliminate
directional reading habits, and to minimize the biésing effects of
attending to a given half-field and reporting stimuli in a fixed
directional order (e.g.,LVF then RVF or vice versa).

Directional reading habits were eliminated by using vertically
mounted stimulus arrays. The problem of attentional bias was
minimized by instructing observers to maintain fixation and to have
them (as opposed to the experimenter) initiate stimulus presentations
when fixation was maintained, Moreover, attentional bias was
minimized by presenting, on a given trial, a word to the LVF, RVF,
or both visual half-fields. Thus, ‘because the task was to identify
only words, and the observers could not be sure that a word would
always appear in a given half-field, the best strategy for max-

imizing recognition would be to maintain fixation. The bias that

15



might result from reporting stimuli in a fixed order was partially
,correct;ed for in one condition by -using trials in which a word
was presented in either the LVF or RVF, while a nonsense syllable
was presented in the oontljalateral hali~field (WN or NW condition),
On such trials, observers had to report only one stimulus (the
word) and thus, report order bias was eliminated, In addition
to the above controls, the present study, unlike many previous
studiés, employed verbal material which has specific meaning
(words), Moreover, in the present study, all three letters of the
word have to be identified in order for a correct recognition to
occur, This was accomplished by choosing words that were alike
except for one‘ letter, and by using nonsense syllables that had
the same three letters as each stimulus word, |

An additional shortcoming found in past studies is the report-
ing of group data (usually mean recognition scores), while totally
ignoring and obscuring individual differences. This sort of data
anaiysis presents a problem because half-field differences for
individual observers may fail to achieve statistica significance,
but when these scores are combined and treated as a group,
previously insignificant results for individual observers may deliver
a significant group score,

None of the previous studies measured performance over

16
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several sessions, This is the type »f measurement necessary to
determine if any reported field supez:iority is constant and reliable
over time, The present study examined each observer's performance
over five sessions, as well as how the observers did as a group.

Past studies uniformly used only a single exposure duration
when presenting stimuli, One obvious problem with this method-
ology is that it does not allow for the generation of psychophys-
ical functions, and thereby precludes the determination of threshold
estimates (50% correct recognitions) for the two hali-fields of pre-
éentation, thus eliminating a means of comparing the sensitivity
of the two half-fields,

In brief, the present study sought to determine what field
differences can be demonstrated when alphabetical stimulus mater-
ial is bilaterally presented, when several methodological problems
found in previous studies are controlled for or eliminated. The
present study evaluated differences in recognition scores that
occured in response ‘to two types of stimulus materials, words
presented to both half-fields, and the presentation of a word to
one half-field and a nonsense syllable to the other, An additional
objective of the present study was to determine how consistent
and reliable recognition scores remained over several testing

sessions,
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METHOD

Observers: Four graduate students served as observers (Qs)
in this study. All Os, three males (HC, JH, LG) and one female
(MW).had nérmal or corrected to normal acuity and were right -
handed and right eye dominant, ! Each O was given as many
»practice sessions as were necessary in order to become facile at
the task, and to generate estimates of the exposure durations to
be used in the actual experiment, Os were paid $4 per hour and -
were tested individually in five test sessions, each lasting about

120 minutes,

Apparatus: A three-channel tachistoscope (Scientific Prototype
model GA) was employed. The adapting field and fixation target
were presented through the blank channel, Stimuli were delivered
through channel 1. To make the visual half-fields of these
channels approximately equai in luminance, aluminum foil and
black cardboard were affixed to the white reflecting plates.iz
Both channels had luminances of .56 ft.L as measured by a
Pritchard photometer (Photo Research Company, Inc. ) at the
eye, A standard viewing distance of 50 inches produced a visual
field of 7°58' horizontally by 4°54' vertically,

The stimulus cards consisted of black upper case letters

(Prestype #1248) affixed to blank 5x7 white cards (Figure 1). In



Figure 1. Diagram of representative stimulus used in the present
study.. Dimensions of field, stimulus material, and retinal eccen-

tricity are indicated in degrees of visual angle.
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an attempt to provide the Os with a stable view, a chin rest was
used, Fach O was instructed to adjust it until the right and left
visual l;xalf—fields seemed to be of equal size, The idea was to
have an eye-centered, rather than a head-centered observer.3
The‘Q initiated each trial by depressing a foot switch that triggered

the stimulus 1,2 seconds later,

Procedure: The study was performed in a darkened room,
with a red light bulb providing the ambient light needed for the
experimenter, E, to change the stimulus cards and record Q 's
responses, which were given verbally. A wooden screen was
attached to the front of the tachistoscope, as was a viewing hood,

N
to prevent the QO from obseriring the stimuli to be presented.

Each Q had both eyes tested, one at a time, during every
session, The eye not being tested was occluded by a black
patch, A simultaneous or bilateral paradigm was employed; i.e.,
on every trial, stimulus material was present ih both the right and
left visual hali-fields, Stimulus material consisted of eight vert-
ically mounted three letter words, (LIT, ILET, 1LID, LED, BIT, BET,
BID, BED) and eight vertically mounted three letter nonsense
syllables, which were the same words as above, with the second
and third letters interchanged, (LTI, LTE, LDI, LDE, BTI, BTE,

BDI, BDE). The words subtended a visual angle of 1°01'



horizontally and 217! vertically, and were presented at a retinal
eccentricity of 3°. All letters were the same height, subtending
34' in the vertical extent and from 4' to 26' horizontally, | The
spaces between the letters subtended a visual angle of 17°,

The similarity of the words chosen as stimuli reflected an
effort to make the Os attend to all three letters before a correct
‘identification could be made, An additional refinement toward the

same end was to have the center letter of each vertically mounted

stimulus transposed one letter width to either the right or the left

of the other two letters, This was done so that once again, the
O had to pay attention to all features of the lexical display in
order to integrate the three letters into a whole word,

On any given trial, the Q's task was to identify correctly
any word(s) present and their field of presentation. Only words
had to be identified, nonsense syllable did not, Four exposure
durations were used, These were selected at the start of each
test session in order to obtain psychometric functions raﬁging from
about 20% to 80% correct recognitions for that particular day. An
ascending method of limits was initially used to get an estimate
of the range of durations needed for correct identifications, This
was done at the beginning of the test session by selecting a sub-
threshold exposure duration which was increased in one msec,

steps until Q correctly identified six stimuli in succession. From
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the exposure duration that yielded the six correct identifications,
two, four; and six msec., were subtracted, producing four exposure
durations with a range of six rﬁsec.

There were four stimulus conditions:(Figure 2) -nonsense
syllables appearing on both sides of the fixation spot (NN); words
appearing in both the right and left visual half-fields, the word-
word condition (WW); a word in the left visual half-field and
a nonsense syllable in the right visual half~field, the word-non-
sense syllable condition (WN); and a word to the right of fixation
and a nonsense syllable to the left, the nonsense syllable-word
condition. (NW), From here on, WN will refer to both WN and NW.

In every testing session, each of the four conditions
appeared ten times at each of the four exposure durations for a
total of 160 cards being shown to each eye. Each of the eight
words and eight nonsense syllables had an equal probability of
appearing at a specific exposure duration in either the right or left
visual half-field, Thus a total of 320 trials was presenfed at
every sitting, half to the right eye, the other 160 to the left eye,
The order of testing eyes was counterbalanced over sessions and
across subjects, Within each session, field of presentation, type
of stimulus (WW,WN,NW,NN), exposure duration, and transposition
of the middle letter (either towards or away 'from the fixation spot),

were all randomly varied, At the end of five sessions, there were



Figure 2. Diagram of the four types of stimulus materials used

in the present study.
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50 trials contributing to each of the four data points (exposure
durations) for the psychometric functions, for each eye, Thus a
maximum recognition score of 50 per field, per exposure duration
was possible, but never achieved,

A typical trial began with the stimulus cards being in pos-
ition in card holders, and QO telling the. experimenter that fixation
was being maintained, QO then depressed the foot switch, and a
stimulus was presented for a variable exposure duration. Q then
gave his (her) verbal response to the stimulus card, which E
recdrded. E changed the stimulus card, varied the exposure dur-
ation, and said "ready", When Q believed that he was adequately
fixating, he stepped on the switch and the sequence began again,
Each half session was divided into ten blocks of 16 trials, Two
to three minute rest periods were given betw;een blocks of trials
in order that E could position the next group of stimulus cards.
When the 160 trials were complefed, O was allowed a ten to fif-
teen minute rest period, and then the entire testing procedure was
repeated for the eye that had been occluded during the first part
of the testing session.

Prior to any testing, O was given a written list of the.
stimulus choices, and told the probability of the presentation of

the four types of stimulus material, During testing, Q was

26



advised to initiate a trial only when he was maintaining fixation,
and to respond only when he was reésonable sure of the word(s)
being exposed on that trial, O was cautioned not to guess.

In order for a response to be scored as correct, accurate
identification of the three letter word(s) and the exact field that
the word(s) appeared in were required, Three types of correct
responses were possible:

1. NO word present (NN condition), This received no score

as only words were scored,

2. WORD in the left (or right) visual half-field, (WN or NW
condition), A score of one correct response in that
particular visual half-field was given for a correct ident-
ification and location,

3. WORD(S) in the right and/or left visual half-field (s),
(WW condition), A score of two correct responses was
possible in‘ this situation, one for the right visual half-
field, and one for the left visual half-field, .If only
one word and locus were identified correctly, then the

O was credited with giving only one correct response,

Data Analysis: As noted above, for a‘ny given testing session,

each O received ten exposures at each of four durations for each
of the four stimulus conditions, or a total of 160 trials per eye, .

From this data, per cent correct identifications were calculated for

27
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each half-field, and for the WW and WN combinations. Over
five testing sessions the cumulative per cent correct recognitions
were calculated, (N=50), Theée were the mean or average per
cent correct identifications for each O, Then values were cal-
culated for the group as a whole. 'Mean per cent correct ident-
ifications over all four QOs, over all five testing sessions at each
of the four exposure durations were calculated for each half-field,
for WW and WN pairings, and for each eye (N=200), From

these values, a grand mean was calcupated, i, e.,, the mean of

the group means,
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FOOTNOTES

1
Hand and eye dominance were determined by procedures

described by Crovitz and Zener,

2

D'Amico found that for Channel 1, (the channel in which the
stimuli were presented), "The luminance of the RVF was approxi-
mately 16% greater than that of the LVF, A discussion of this
problem with a technical representative of Scientific Prototypes
revealed that, for most planar tachistoscopes, the luminance of the
RVF is considerably (approximately 15-209% ‘greater than that of the
IVF in Channel 1, while the reverse is true for Channel 2 (the
other stimulus channel, in which the stimuli are rotated 180 degrees),*

3
D'Amico found that when observers had their heads centered

in the chin rest and viewed the stimulus array monocularly with
either eye, the two half-fields appeared unequal in size, with the
stimuli in the temporal half-field appearing further away from the
blackened border than did the stimuli in the nasal half-field. When
the observers' eyes were centered, the two fields appeared to be
‘of equal size and the stimuli in the temporal half-field and the
stimuli in the nasal half-field appeared equally distant from their
respective borders,
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RESULTS

Raw Data

Tables la and lb contain the raw data for the left eye
(0S) and right eye (OD) respectiyely. The data are in the form
of per cent correct recognitions of the words that have been
presented to 'either the left - or right visual half ~fields. For
each of the four Os the data is arranged vertically for each of
the five test sessions. Successively longer durations of expos-
ure, numbered one through four, are displayed across the top
of the table. Near the bottom of the table are the group
means which represent the average per cent correct recognition
scores shown by the group of subjects for each of the four
exposure durations and for each of the five test sessions and
per subject. At the bottom of the table a grand mean has been
calculated for each exposure duration over all subjects and
testing sessions. This grand mean represents cumulative values
averaged over all five testing_ sessions per condition and per

eye.
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Table lal
Individual Data:Left Eye (OS). Per cent correct recognition of words
presented to the LVF under word-word (WW) and word-nonsense
syllable (WN) stimulus presentations. '

Observer . LVF
T W B WN
Exp. 1 2 3 4 1 2 K 4"
HC 1 20 50 60 70 ‘30 30 20 60
2 0 50 270 100 0 70 ‘70 !100
3 0 30 30 60 0 10 80 70
- 4 0 50 90 80 10 50 90 80
5 0 40 80 90 11050 40 90
Mean= 4 44 66 80 10 42 60 80
MW 1 100 50 60 60 30 70 80 90
2 20 50 30 50 30 50 60 80
3 30 40 90 70 60 50 90 90
4 30 50 80 50 30 30 100 70
5. 30 70____ 80 50 40 80 70 90
Mean= 24 52 68 56 38 56 80 84
JH 1 -80. 50 70 60 50 60 80 80
2 60 40 20 50 50 70 70 90
3 50 50 70 30 50 80 40 50
4 20 40 20 40 60 70 70 50
5 10 20 10 30 20 60 90 90
Mean= 44 40 38 42 4668 70 72
LG 1 40 40 70 40 40 80 50 80
2 60 10 40 20 20 60 60 90
3 20 20 40 70 60 50 80 70
4 30 50 70 50 30 60 70 50
5 30 3050 70 60 70 80 90
Mean= 36 30 54 50 42 64 68 76
1I—=3775~47,5 565 TS TS R0 575 7.5
GROUP » 35 37.5 40 55 25 62,5 66 90
Means 3 oo 35 57.5 57.5 42.5 47.5 72.5 70
4 ' 20 47.5 65 55 32,5 52,5 82.5 62,5
5 17 5 _40. 55 60 325 65 70 90

Means= 27 41.5 56.5 &7 34 57.5 69.5 78
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' ‘Table la2
Individual Data:Left Eye (OS). Per cent correct recognition of words
presented to the RVF under word-word (WW) and word-nonsense
syllable (WN) stimulus presentations,

Observer’ RVF .
WW | WN
Exp. 1 2 3 4 1 2 3 4
HLC 1 50 70 50 80 60 60 90 80
2 0 70 80 90 50 70 80 100
3 0 50 90 .100 10 -90 t80 100
4 10 70 90 100 10 80 80 100
5 10 70 100 90 0 70 80 100
Mean= 14 66 82 92 26 74 82 96
Mw 1 20 40 50 100 20 90 80 70
2 .10 40 50 70 20 70 60 70
3 30 50 80 90 70 80 80 90
4 30 50 100 100 40 50 80 80
5 2070 60 90 40 90 80 100
Mean = 22 50 68 90 38 76 76 82
TH 1 30 30 40 30 70 70 60 80
2 0 50 70 60 30 70 60 80
3 50 40 30 70 60 60 90 90
4 40 60 80 60 60 50 60 70
5 30 20 50 50 20 20 40 70
Mean = . 30 40 54 54 48 54 62 78
LG 1 40 30 50 80 40 80 70 90
2 40 70 90 90 40 60 100 70
3 90 100 70 70 80 90 100 90
4 50 60 80 80 80 80 100 100
5 50 90 100 100 . 90 80 80 100
Mean = 54 70 78 84 66 78 90 90
TGRUOUPL 39 Gldeo 87,0 14,9 CYARSINR) 79 1
Means2 12.5 57.5 72.5 77.5 35 67.5 75 80
3 42,5 60 67.5 82.5 55 80 87.5 92,5
4 32.5 60 87,5 85 47.5 65 80 87.5

L S 27,5 62,5 77,5 82,5 37.5 65 710 92 5.
Means= 30 56.5 70.5 80 44.5 70,5 77.5 86.5




Table 1bl
Individual Data:Right Eye (OD). Per cent correct recognition of
words presented to the LVF under word-word (WW) and word-non-
sense syllable (WN) stimulus presentations.

Observer LVF
WW WN
Exp. 1 2 .3 4 1 2 3 4
HC I 10 60 40 80 200 70 80 90
2 10 70 80 80 20 90 100 90
3 0 40 90 80 0 60 60 100
4 0 40 100 90 0 80 80 90
S 0 40 100 100 0 30 80 90
Mean= 4 50 82 86 8 66 80 92
MW 1 0 20 S0 30 10 30 60 70
2 10 40 30 90 10 40 50 70
3 0 50 50 40 30 S0 60 90
4 10 30 60 70 40 30 60 80
5 10 40 60 70 20~ 60 80 90
- Mean= 6 36 50 60 22 42 62 80
TH 1 50 50 30 40 60 80 60 70
2 0 40 40 50 50 60 90 40
3 30 50 20 70 50 80 50 70
4 0 40 60 50 20 70 60 60
5 10 40 50 80 30 20 50 50
Mean= 18 44 40 58 42 62 62 58
LG 1 50 70 40 40 60 70 60 80
2 30 30 40 40 200 90 80 90
3 40 20 60 70 60 60 90 70
4 20 10 40 70 30 50 80 90
5 10 70 80 50 50 70 60 90
Mean= 30 40 52 54 44 68 74 84
GROUP 1 27.5 50 40 47.5 17.5 62.5 65 77.5
MEANS 2 12.5 45 47,5 65 25 70 80 72,5
3 17.5 40 55 65 35 62.5 65 82.5
4 7.5 30 65 70 22.5 57.5 70 80
5 7.5 47.5 72.5 75 25 45  67.5 80
Means

14.5 42.5 56 64.5 29 59.5 69.5 78.5



Table 1b2

Individual Data:Right Eye (OD). Per cent correct recognition of

words presented to the RVF under word-word (WW) and word non-

sense syllable (WN) stimulus presentations,

Observer RVF :
WWwW WN
Exp. 1 2 3 4 ] 2 3 4
HC 1 10 50 90 80 10 80 160 90
2 10 50 70 100 10 80 90 100
3 0 10 80 100 0 80 90 90
4 0 1o 80 .80 0 60 100 90
5 0 30 100 100 10 . 40 90 100
Mean. = 4 30 84 92 6 68 94 94
MW 1 40 0 80 50 20 60 80 70
2 20 40 30 40 40 30 30 70
3 10 40 30 60 20 40 80 70
4 10 30 50 80 10 60 . 70 90
5 10 60 70 70 50 60 80 90
Mean= 18 34 62 60 28 50 68 78
TH 1 10 40 60 30 50 70 100 90
2 30 30 50 80 30 80 70 80
3 60 40 70 20 70 70 80 80
4 10 20 30 40 20 20 70 50
5 30 30 20 50 10 40 70 40
Mez=an= 28 32 46 54 36 56 78 70
1G 1 10 40 50 70 60 70 80 90
2 60 60 50 80 60 70 100 100
3 40 80 60 80 70 80 100 90
4 70 90 90 90 60 100 90 100
S 80 60 80 80 90 90 90 100
Mean= 52 66 66 80 68 82 92 96
GROUP .1 17.532.5 70 70 35 70 90 85
MEANS 2 30 45 62.5 75 35 65 72.5 87.5
3 27.5 42.560 65 40 67.5 87.5 85
4 22.5 37,5 62.572.5 22.5 60 82.5 82.5
5 30 45 67.5 75 40 57.5 82.5 82.5
Means 25.5 40.5 64.5 71.5 34,5 64 83 84.5
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Field Effect

The tabular data above are displayed graphically in FPigure
3., for group data,in terms of mean per cent correct recognitions
on the ordinate versus mean exposure dumtions along the abscissa,
with field of presentation (LVF vs. RVF) as parameter. Figure 3
represents data obtained' from exposures both to the left eye
(labelled OS on the leftvside of the figure) and to the right eye
(labelled OD on the right side of the figure). At the top are
shown the functions obtained for the viewing of the word-word
pairs, and across the bottom for the viewing of word-nonsense
syllable pairs, The data for right and left visual half-field
presentations are represented by solid and dashed lines respect-
ively + Visual inspection of this graphed data show a small but
consistent difference in the recognition scores between the right
and left visual half-fields (RVF - LVF) for bOtI:I stimulus conditions
for the left eye, and a similar but lesser difference for the right
eye.

Group data was evaluated by an analysis of variance

technique, and it found the field main effect to be not significant

(Table 4),
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Figure 3 . Mean per cent correct recognitions of words in
the left (dashed line) and right (solid line) visual half-fields as
a function of exposure duration (in msec.) for Group. The word=-
word (WW) condition is across the top; word-nonsense syllable (WN)
is along the bottom, Left eye (OS) .is on the left; right eye (OD)

is on the right,



MEAN PER CENT CORRECT RECOGNITION

[ Bt

GROUP DATA

5 DAY TOTAL
0s 0D
WORD~WORD WORD-WORD
100 100
8o + 8@
60 * 60 |
ap t 48 +
28 + : og -
g, af .
_#___..l. 1 el A 1 1 1
11.2 13.2 15.2 17.2 T 12 14 16
———LVF
—RVF
0s s *
WORD—-NONSENSE SYLLABLE WORD~NONSENSE SYLLABLE
100 100
808 + ] 8@ -
. ‘/’" """""" L
6@ - T 62 +
E /,// L
49 + 40 -
28 F op -
Z i £ t ——— 1 _t @ .. JESSSUIUNY SIS SNSRI DU
711.2 13.2 15.2 17.2 Y 12 14 16

MEAN EXPOSURE DBURATION (MSEC.)

LE



38

The individual data were plotted in the same format as the
group data.. When so analyzed, the graphed results for only one
O, LG, demonstrated a RVF superiority in both the WW and 'WN
conditions for both the left and right eyes (Figure 4). One other
O, HC, showed a RVF superiority for both the WW and WN con-
ditions for only the left eye (Figure 5), On the other hand, Qs
JH and MW (Figures 6 and 7, respectively) showed no field pre-
ference for either eye in either stimulus condition. These descrip-
tive observations were corroborated by the results of correlated t-
tests (Table 2), For O:LG recognition was significantly greater
in the RVF in both the WW and WN conditions for the left eye,
and in the WN condition for the right eye, O:HC showed a sig-
nificant RVF superiority in the WN condition for the left eye. The
recognition differential favoring the RVF for Q:HC in the WW con-

dition, however, just missed being significant (t _=2,78; t
05 calculated

=2.69). O:HC's other field differences were not significant for
the right eye, With the exception of O:MW, who showed a sig-
nificant RVF superiority in the WW condition for the left eye, all
other field differences were not significant,

The design of the present study permitted the investigator to
compare within session variability of half-field differences. For

each O, (LG,HC,JH,MW), the graphed data obtained from his or

her five individual test sessions can be seen in the Appendix (pps.

92-131).
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Table 2

Dependent t values for Field as Parameter: Same eye comparisons of
half-field (RVF-LVF) differences in per cent correct recognitions for
the viewing of word-word (WW) and word-nonsense syllable (WN)
conditions.

QS oD
Observer WN WW WN wWw
RVF-LVF RVF~-LVF RVF-1VF RVF-LVF
HC 4012* 2-69 1037 _575
MW 1,72 2.86% 1,12 2.12
IH '-045 u33 "".76 1:11
LG 3.06* 4,03% 4,88** 2.38

A*p .05 ‘
**p .01
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Figure 4 . Mean per cent correct recognitions of words in
the left (dashed line) and right (solid line) visual half-fields as
a function of exposure duration (in msec.) for O: LG, The word-
word (WW) condifion is across the top; word-nonsense syllable (WN)
is along the bottom. Left eye (OS) is on the left; right eye (OD)

is on the right.
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Figure 5, Mean per cent correct recognitions of words in
the left (dashed line) and right (solid line) visual half-fields as
a function of exposure duration (in msec.) for O:HC. The word-
word (WW) condition is across the top; word~nonsense syllable (WN)
is along the bottom. Left eye (OS) is on the left; right eye (OD)

is on the right.
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Figure § . Mean per cent correct recognitions of words in
the left (dashed line) and right (solid line) visual half—f‘ields as
a function of exposure duration (in msec.) for O: JH. The word-
word (WW) condition is across the top; word-nonsense syllable (WN)
is along the bottom. Left eye (OS) is on the left; right eye (OD)

is on the right.
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Figure 7 . Mean per cent correct recognitions of words in
the left (dashed line) and right (solid line) visual half-fields as
a function of exposure duration (in msec.) for O:MW. The word=
word (WW) condition is across the top; word-nonsense syllable (WN)
is along the bottom. Left eye (OS) is on the léft; right eye (OD)

is on the right,
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Visual inspection of these data show that half-field differences
in recognition are not especially large nor consistent over test
sessions in either the word-word or word~nonsense syllable con-

ditions for either the left or the right eye,

Stimulus Material Effect

In the preceding graphs (Figures 3-7), data represent per cent
correct recognition versus exposure duration with field (RVF versus
LVF) as the parameter, A better comparison of the stimu}us con-
ditions (word-word versus word-nonsense syllable pairs) can be
obtained by plotting per cent correct recognitions versus exposure
duration with the stimulus condition as parameter, Right visual
half-field presentations are across the top of the figure, and left
visual half-field presentations are along the bottom, with the WW
and WN pairings represented by broken and solid lines respectively.
Figure 8 shows the group data for all four observers over ’the five
test sessions represented in the same fashion. Recognition of
words in the word-nonsense syllable condition is consistently
higher than that for the Word—word condition in all four comparisons.
This feature of the graphic results is supported by the results of
an analysis of variance for the group data, There was a signifi—'

cant difference between the scores for the two stimulus material
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conditions,. with the word_—nonsense syllable condition being greater
than the word-word condition (Table 4), These déta show that
recognition of words is better in the word-nonsense syllable con-
dition, in the right visual hali-field and in the left visual half-
field and in either eye., In short, recognition of stimulus words
decreases when another word, rather than a nonsense syllable, is
presented in the contralateral half-field.

When each individual's data, averaged over the five sessions
were replotted in analogous fashion (Figures 9-~12), there was
agreement with the group findings. Os LG and JH (Figures 9 ‘and
10 respectively) both showed greater recognition scores in the
word~ nonsense syllable condition than in the word-word condition
for the right and left visual half-fields and for both eyes, MW
(Figure 11) had greater recognition scores in the word-nonsense
syllable condition for both right and left visual fields for the right
and left eyes, with the exception of one instance (RVF in »OS).
The fourth O, HC, (Figure 12), showed higher‘ recognition scores
for the word-nonsense syllable condition than for the word-word
condition only in the right visual field of the right eye. A
smaller, but simi.lar effect is seen in the left visual half-field in
the right eye. In sﬁmmary, when graphed results are examined,
three out of four observers show greater recognition for words in

the word-nonsense syllable condition than for words in the word-
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Figure 8 , Mean per cent correct recognitions of words in
the word-word (WW) [dashed line]; and word- nonsense syllable
(WN) [solid line] stimulus exposure conditions as a function of
exposure duration (in msec.) for Group ., The left visual field (LVF)
is across the top; the right visual field (RVF) is on the bottom.,

Left eye (0OS) is on the left; right eye (OD) is on the right.
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Figure 9 . Mean per cent correct recognitions of words in
the word-word (WW) [d.ashed line]; and word- nonsense syllable
(WN) [solid line] stimulus exposure conditions as a function of
exposure duration (in msec.) for O:LG . The left visual field (LVF)
is across the top; thé right visual field (RVF) is on the bottom.

Left eye (OS) is on the left; right eye (OD) is on the right.,
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Figure 10 . Mean per cent correct recognitions of words in
the word-word (WW) [dashed line]; and word- nonsénse syllable
(WN) [solid line] stimulus exposure conditions as a function of
exposure duration (in msec.) for O: JH. The left visual field (LVF) .
is across the top; the right visual field (RVF) is on the bottom.

Left eye (OS) is on the left; right eye (OD) is on the right,
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vFigure 11, Mean per cent correct recognitions of wbrds in
the word-word (WWw) [dashed line]; and word- nonsense syllable
(WN) [solid line] stimulus exposure condifions as a function of
exposuré duration (in msec.) for O: MW , The left visual field (LVF)
is across the top; the right visual field (RVF) is on the bottom,

Left eye (OS) is on the left; right eye (OD) is on the right.
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Figure 12, Mean per cent correct recognitions of words in
the word-word (WW) [dashed line]; and word~ nonsense syllable
(WN) [solid line] stimulus exposure conditions as a function of
exposure duration (in msec.) for O:HC .’ The left visual field (LVF)
is across the top; the right visual field (RVF) is on the bottom.

Left eye (OS) is on the left; right eye (OD) is on the right,
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word condition for all viewings; the fourth observer shows it only
for two viewing conditions, When these data were statistically
analyzed using a correlated t-technique, observers LG, JH, and
MW recognized significantly more words in the word-nonsense
syllable condition than in the word-word condition for the right
visual field (p & 05) and for the left visual field (p <.01) for the
right eye (Table 3), TFor the left eye, observers LG and MW
showed a significant word-nonsense syllable effect for the left
visual half-field (p .05), and O:JH jus; failed to achieve sig~
nificance for‘ the WN-WW difference for both the right and left
visual fields (p €. 10), as did MW, who also failed to show a
significant WN effect for the right visual field (p £.10). QLG
showed no significant effect for the left eye, HC recognized
significantly more words in the word-nonsense syllable condition
than in the word-word condition in the right visual half-field for
the right eye only. O:HC's other differences were not statistically
significant,

The graphed data depicting session td session variability per
observer over the five test sessions is presented in the Appendix

(pps, 132-171).
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Table 3

Dependent t values for Condition as Parameter: Same eye comparisons
of stimulus differences (WN-WW) in per cent correct recognitions for .
the viewing in the RVF and the LVF.

(OfS] ' oD
Observer RVF LvF RVF LVF
WN-WW WN-WW WN~WW WN-WW
HC 1.13 ~-.115 4,33* o 1.22
MW 2.26 3.62* 3.30% 7.19%%*
JH 2,15 2,70 3.97* 8.04%*
1G 1,67 3.81* 3.87* 6.55%*

* p 05
** p ,01
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Analysis of Variance

In order to take into account all the independent variables,
eye (OS or OD), field (LVF or RVF), stimulus condition (WW or
WN), exposure duration (Xl + X9, X3, OF X4), and day (D1'D2'

D,, Dy, or DS)' as well as their interactions, a 2x2x2x4x5

37
analysis of variance was performed. All factors were repeated on'
subjects and the dependent variable was the per cent correct
responses, The results of the analysis revealed a significant
difference in the.recognition of wrds in the word-nonsense
syllable condition over the word-=word condition, The only

other significant main effect was duration+ None of the inter-

actions were statistically significant (Table 4),



Table 4~ Analysis nf Variance
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Source gS df ms F p
Eye (E) 2363.906 1 2363.906 1.1433  n.s
Error (E) 6202,945 3 2067.648
Field (F) 15112.66 1 15112.66 5.1090 n.s.
Error (F) 8874.,207 3 2958.069
Condition (C) 33495.16 1 33495.16 22.700 {.025
Error (C) 4426.668 3 1475.556
Day (D) 885.937. 4 221.4844 .1261 n.s
Error (D) 21069.01 12 1755.750
Exposure Dur- ,

ation (X) 187751.7 3 62583.89 11.8012 (.01
Error (X) 47728.75 9 5303.191
ExF 743.898 1 743.8984 .8256 n.s.
Error (EF) 2702.973 3 900.9907
E xC 701,398 1 701,3984 8.7505 n.s
Error (EC) 240.464 3 80.15494
F x C 237.648 1 237.6484 .5896 n.s
Error (FC) 1209.141 3 403.0469
E xD 766.551 4 191.6394 .9730 n.s.
Error (ED) 2363.462 12 196.9552
F x D 877.171 4 219.2930 .4483 n.s.
Error (FD) 5870.309 12 489.1924



, Source SS df ‘ms F . p

C xD 1216.500 4 304. 1250 2.2343  n.s,
Error (CD) 1633.395 12 136.1162

E x X 1295,375 3 431;7915 1.7122  n.s.
Error (EX) 2269.617 9 252.1797

FxX . 714,125 3 238.0417 1.1701  n.s.
Error (FX) 1830.980 9 203.4423

C xD 1366.500 3 455,500 1.8948 n.s.
Error (CD) 2163.520 9 . 240,3911

D x X 5705.063 12 475.4219 1.6067  n.s.
Error (DX) 10652,18 36 295,8938

ExFxC 68.882 1 68.88281 1.6823 n.s.
Error (EFC) 122.835° 3 40.94531

ExF xD 1767.821 4 441,9553 1.8167 n.s.
Error (EFD) 2919.362 12 243,2802

ExCxD 388,450 4 97.11255 7685  n.s.
Error (ECD)1516.369 12 126,3641

FxCxD 2042.836 4 510,7090 2.1544  n.s.
Error (FCD) 2844,586 12 237.0488

ExF xX 1307.914 3 435,9712 3.2232  n.s.
Error (EFX) 1217.348 9 135.2608
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Source SS _.df ms F P
ExCxx 295.601 3 98,53384 .3643 n.s.
Error (ECX) 2434,098 9 270,4551

F xCxX 1321.789 3 440.5962 1.4016 n.s.
Error (FCX) 2823.047 9 313.6719

ExDx X 2289,441 12 190.7868 .8344 n.s.
Error (EDX) 2231.672 36 228,6575

F xDxX 1698.703 12 141.5586 .6026 n.s.
Error (FDX) 8456.828 36 234,9119

C xD xX 1536,750 12 128,0625 .4755 n.s
Error (CDX) 9695.031 36 269.3064

EXFxCxD 864,701 4 216,1753 .6733 n.s.
Error(EFCD) 3852.717 12 321.0596

EXFXCxX 634.992 3 211.6641 2.2590 n.s.
Error(EFCX) 843.296° 9 93.69965

EXFxDxX 4156,801 12 346,399 1.3226 n.s.
Error (EFDX)9428.707 36 261,9084

ExCxDxX 753.609 12 62.80078 .3821 n.s.
Error(ECDX) 5916.332 36 164. 3425

FXCxDxX  2574,289 12 '214.5241 1.0241 n.s.
Error(FCDX) 7540.992 36 209.4720

ExFxCxDxX 2513.484 12 209.4570 L7573 N.Se
Error (EFCDX)9957.660 36 276.6016
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Intersession Reliability of Half-Field Differences

An analysis of variance was performed separately for each
observer in order to ascertain the reliability of his or her perform-
ance over the five test sessions with respect to half-field diff-
erences in the word-word and word-nonsense syllable conditions.
As seen in Table 5, the half-field differences did not vary sign-
ificantly in either oo ndition.

The half-field differences independent of condition were
evaluated for each observer for each test session, using the same
analysis of variance techniques Again, the dependent variable was
the half-field differnces (RVF-LVF) in per cent correct recognitions
for the viewing of words, and .each of 'the five sessions was
compared with the others (Table 5A), Only observer LG showed

significant variabllity.- All other differences were not significant-. -
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Table 5- Analysis of Variance for Individual Observers— (Variable: Day) RVF-LVF differences

Observer

HC
Error

Errar

TH
Error

jre;
Error

Word-Word
S5
Ii-6
138

535
136-25

29°+5
320

78*9
291

Observer

Word-Nonsense Syllable

ms F p

11-9 2+51 ns,
4-85

6*71 2+79 ns
2+-40
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Table 5A- Analysis of Variance for Individual Observers-All

Conditions Combined- (Variable:Day) RVF-LVF differences

Observer SS af ms F P

HC 30,37 4 " 7.59 1,86 ns
Error 306,32 75 4,08

MW 5,2 4 1.3 .377  ns
Error 258.9 75 3, 45

TH 18,25 4 4,56 . 603 ns
Error 567,50 75 7.57

LG 81,95 4 20, 49 3.74 .05

Error 410. 94 75 5. 48
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50% Threshnld

In order to relate half-field differences in recognition to
some physical measure, LVF and RVF expnsure durations that
correspond to 50% correct recognition weré determined for each
observer. Tables 6 and 6A show the threshold values (50%
correct recognition) for left (OS) and right (OD) eyes respectively,
for the two different stimulus conditions, WW (words presented
in both right and left visual half-fields), and WN (word and
nonsense syllable combinations), For every observer, the differ-
ences between the two fields (LVF-RVF) were calculated for each
stimulus condition separately, and correlated t-tests were used
to compare these differences. In general, there appeared to be
no significant half-field differences in threshold exposure durations
for either eye in either stimulus condition., When the individual
data were collapsed and analyzed as a group, again, there were
no significant findings for either eye-in either viewing condition,
This suggests that there were no differences between half-fields
in the ease of recognizing words in each half-field under the

different conditions of stimulus presentation,



Table 6

Left Eye:50% threshold data, Same eye comparisons »f half-field
(IVF-RVF) .differences (D) in threshold exposure duration (in msec.)
for the viewing of word~word (WW) and word-nonsense syvllable
(WN) pairs.

QS
WN WwWw
o LVF RVF D LVF RVF D D -Dyw
wn ww wn
HC 1 18,7 10 8,7 15 11.4 3.6 5.1
2 6.3 3.9 2.4 6.7 6.3 o4 2.0
3 7.7 5.5 2.2 9.2 6.4 2,8 -.6
4 6.4 5.7 .7 6.6 5.8 .8 -1
5 7.2 6.2 1.0 6.8 5.7 1,1 -.1
t=1,19
MW 1 11.2 10.9 .3 13.6 12,8 .8 «S
2 16.4 16,3 .1 20,6 17.8 2.8 =2.7
3 12.5 6.0 6.5 15.1 14.8 o3 6.2
4 13.2 12,3 09 13.4 12,5 .9 0
5 10.1 9.8 .3 10.9 12.0 -1.1 1.4
t=.592 ‘
JH 1 21.8 5.0 16.8 32,5 60.0=27.5 44.3
2 15.7 17,6 -1.9 16.0 19.5 =3.5 1.6
3 29.5 22.8 6.7 27.0 28.0 -1.0 7.7
4 29.3 16,0 13.3 31.0 18.5 12,5 .8
5 13.8 16.5 -2.7 28.0 17.8 10.2 -=12.9
t=.864
L 1 11.2 11.1 .1 15.7 14.0 1.7 =1.6
2 10.3 8.3 2.0 7.1 8.4 -1.3 3.3
3 8.0 =7.0 15.0 14.5 20.2 =-5.,7 20.7
4 11.3 2,0 9.3 12.0 8.8 3.2 6ol
5 6.0 -14,0 20.0 11,7 6.6 5.1 14.9
t=2,155

Group value : t= =1.59




Table 6A

Right Eye:50% threshold data. Same eye comparisons of half-field
(LVF-RVF) differences (D) in threshold exposure duration (in msec.)
for the viewing of word-word (WW) and word-nonsense syllable
(WN) pairs.

oD
WN wWwW

o LVF  RVF D LVF RVF D, DynDww

HC 1 5.6 5.5 1 7.3 6.4 .9 -.8
2 4,7 5.6 -.9 6.1 6.5 =.4 =,5
3 6.7 5.9 .8 6.8 7.1 =,3 1.1
4 5.1 5.2 -.1 5.5 6.5 =-1.0 .9
5 6.0 5.4 .6 5.4 5.6 =-.2 .8
' =,762

MW1 13,7 12,1 1.6 17,1 14,4 2,7 =-1,1
2° 17,7 18,7 =1,0 22.0 18,0 4.0 =5,0
3 15,2 15.7 -,5 18,5 18,1 4 =9
4 12.7 12.4 .3 13.7 13,7 0 3
5 12,9 11.1 1.8 16.3 13.7 2.6 -.8

t==1.65

JH 1 -14,0 17.3 =-31.3 18.0 21,2 =-3,2 =28.1
2 17.0 14.9 2.1 19.3 17.3 2,0 .1
3 14.7 15,1 -.4 24,7 22,4 2,3 =2.7
4 12,5 14,4 -1,9 14,5 18.0 -3.5 1.6
5 15,5 16,7 =-1.2 =5.0 22,0-27.0 25,8

t= = 077 __

IG 1 7.0 9.0 =-2,0 14,0 14,8 =~,8 =1,2
2 11,0 8.7 2.3 20.5 8.0 12.5 =10.2
3 6.3 4,3 2.0 13.4 10.0 3.4 -1.4
4 9,8 4,2 5.6 12,7 -.7 13.4 -7.8
5 9,8 -15.3 25.1 12,6 =12.0 24.6 .5

Zroup value : t=2, 23




DISCUSSION

In the present study an attempt was made to determine
whether the widely reported right visual half -field superiority for
verbal material occurs under conditions of simultaneous exposures
of stimuli when several methodological controls were employed in
order to eliminate, minimize, or take into account factors which
were typically not considered in previous studies., In addition,
if a half-field 'superiority could be demonstrated, did it occur
with equal likelihood for .both word-word and word-nonsense syll-
able conditions?

Some of the methodological problems found in past studies
include the failure to control for directional reading habits, and
the stimulation of nonhomogeneous retinal areas. The present
study eliminated both of these factors by the use of vertically
mounted three letter words. In previous studies, the stimulus
material was often a single letter or meaningless string of letters.
The present study sought to make the task more verbal in order to
emphasize the hypothesized differential functioning of the two
cerebral hemispheres (left thought to be more proficient at process-
ing verbal material) and therefore employed words. as stimuli.

Furthermore, almost all past studies have reported only group data,

72
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and have had the observers view the stimulus material only once,
This reliance on group data and lack of reliability meaéures were
eliminated in the present ‘study by collecting and reporting individ-
ual observer's data over several test sessions., Previous studies
have typically used a .binoculér viewing paradigm, therefore, the
separate contributions made by each eye cannot be determined.

The present study used a monocular viewing paradigm to determine
half-field preferences, which not only allowed for the determination
nf the separate input made by each eye, but also for the examin-
ation of the role that peripheral (as compared with central) factors
play in hali-field recognitions. The possibilities of eye movements
and projections of retinal images to the ipsilateral cerebral hemi-
sphere were minimized in the present study by using very short
exposure durations (30 msec. or less) and by presenting stimuli

at retinal eccentricities of 3° from fixation.

Many previous studies have employed fixation fnrcers in an
attempt to eliminate attentional bias, This technique, however,
has many attendant problems. In the present study, attentional
bias was decreased by having each observer initiate his or her
own trials when maintaining fixation, and by informing the observer
that a word would not always appear in a given half-field on any

given one trial, and thus the optimal strategy for increasing recog-
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nition would be to maintain fixation,

In all privious studies, the observer had his head centeréd,
with his chin placed in a chin rest. The procedure ﬁsed in the
present study was to center the eye being tested (rather than the
head)s I—Iead centered observers typically reported that stimuli in
the temportal half-field seemed further away from the border of
the tachistoscope's screen than did stimuli in the nasal half-field,
With éye centering, observers reported that material in the nasal
and temporal half-fields appeared to be equidistant from their
respective borders,

An even more important methodonlogical preblem with the pot-
ential for ebscuring true differences ip hemispheric»functioning is
the unequal luminance levels found betweén half ~fields in most
planar tachistoscopes (the luminance of the RVF is about 20%
greater than that of the LVF), Previous studies failed to note this
difference. Reflecting foil and black cardboard were used in the
present study to equalize the measured luminance of the right and

left visual fields.



Visual Field Effect

The findings of the present study do not seem to support the
hemispheric specialization hypothesis., Differences in the hemi-
spheres' ability to process information do not seem important when
verbal stimuli are simultaneously presented.

While it is true that all observers. in the present study
demonstrated greater total recognition scores for stimuli presented
in the RVF than for those presented in the LVF (Tables la and 1lb).
the statistical significance of these differences is another matter,
When group data was evaluated using an analysis of vériance
technique, the field main effect was not significant (Table 4),

This lack of a significant field effect is unlike results of
most past studies which reported a statistica;lly significant RVF
superiority for simultaneonusly exposed alphabetical material (Hines,
1972, 1975; McKeever, 1971; McKeever and Gill, 1972; McKeever
and Huling, 1971a, 1971b; McKeeve;‘, Suberi, and Van Deventer,
1972; Mackavey, Curcio, and Rosen, 1975) and is also unlike
those studies which reported a significant LVF superiority (Bryden,
1960; Bryden and Rainey, 1963; Heron, 1957; Neill, Sampson, and

Gribben, 1971),
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On an individual level, the half-field recognition scores for
word-word and word-nonsense syllable stimulus conditions for each
eye were greater in the right visual half-field than in the left vis-
ual half-field in 13 out of 16 instances (Table 2), In spite of the
large number of differences in which the recognition scores were
greater in the RVF than in the LVF, only five achieved statistical
significance when dependent t-tests were performed (Table 2).”
Three out of these five cases were scores for one observer, LG.

If hemispheric specialization is an important determinant »f half-
field preference, why can a statistically significant RVF superiority
be demonstrated in only one-quarter of the cases?

Thus on both a group and individual basis, the results of this
study do not seem to support the hemispheric specialization hypo-
thesis, This study's failure to demonstrate a significant field
preference cannnt be attributed to variable performance (whereby a
preference shown in one test session micjht be céncelled by an
opposite field preference demonstrated during another testing sess-
ion) as this variable remained relatively constant over the five
testing sessions (Tables 5, 54).

The present study's failure to demonstrate a significant field
preference was surprising since it was designed in such a way as

to point out the specialized role of the left hemisphere. This was
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accomplished by using stimuli that were decidedly verbal in nature
(they connoted a meaning) rather.than using stimuli such as a
single letter or meaningless groups of letters which could be anal-
yzed either linguistically or spatially; and by the .use of a verbal
response indicator (again involving the left hemisphere) rather than
a reaction l_:ime or pointing to a matching stimulus response
indicator, Even with these two features of the present study, np
significant RVF superiority could be demonstrated on a group level,
True, more words were correctly identified in the RVF than in the
LVF, but this half-field difference was not statistically significant,
This may be due to the small number of observers (four) used in
the present study. On the other hand, each nbserver was studied
in depth, with 1,600 trials contributing to his final score, Hope-
fully, if structural differences between the hemispheres do exist
and are responsible in part for laterality differences, one would
expect to see a field superiority become apparent somewhere in
those 1,600 trials, especially when one considers the lack of
session to session va_lriability,

Another possibility is that the presence of one of the factors
that was controlled for or eliminated may be necessary in order to
demonstrate a RVF superiority, Thus, field preference may be
merely an artifact of poor methodology, equipment characteristics,

statistical interpretation, etc,
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Stimulus Material Effect

Two .types of alphaBetical stimulus material were presented in
this study: three letter words exposed in the left and right visual
half-fields at the same time (WW condition); and the combination of
a three letter word and a three letter nonsense syllable appearing
in opposite half-fields on any one exposure (WN or NW condition),*
Analysis of group data using analysis of variance technique showed
that significantly more words were recognized in the word-nonsense
syllable condition thén in the word-word condtion (Table 4), On an
individual level, thé use of correlated t-tests demonstrated that in
15 out of 16 cases more words were correctly identified when they
were paired with a nonsense syllable (WN conditinon) than when two
words appeared on the same exposure (Table 3), Of these 15 cases,
nine reached statistical significance. This finding demonstrates
that the presence of words in both fields tends to lower the overall
recognition level for either word. Hines (1975) 'observed that
regardless of what type of stimulus the words were paired with (be
it other words, faces, nr geometric forms), one always finds a large
right visual field superiority. The present study shows that the
nature of the other stimulus in a simultaneous display does indeed
affect recognition Ievels,. unlike Hines' conclusion, In fact, this
variable was more reliable and more significant than the half-field

in which the word appeared.
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In addition to the presence »f a word in one half-field inter-
fering with the recognition of a word in the contralateral half-field,
‘there is an alternate possibility., The dampening of recognition in
the word-word condition might be due to having two stimuli present
that both require a verbal response, This might result in compet-
ition for the means ~f expressing the response, While »ne word
was being verbalized, the signal representing the second word may
have become attenuated or decayed and this might be reflected in

the lower scores found in the word-word condition.

Intersession Reliability of Hali~Field Differences

When each observer's half-field differences (RVF-LVF) in terms
of per cent correct recognitions were evaluated for the viewing of
word-word and word-nonsense syllable pairings by an analysis of
variance, there were no significant findings (Table 5).' Thus the
half-field differences between sessions were relatively constant for
the two viewing conditions (WW and WN) for all observers,

When the half-field recognition'scores, independent of cond-
ition, were evaluated by an analysis »~f variance, only one observer
LG, showed statistically significant variability in his session‘ to
session scores (Table 5A). Interestingly, LG was the only observer
who demonstrated a significant RVF superiority in three out of four

conditions (Table 2). It may be that this variability is an important



determinant of field preference,

The observers in this study were well practiced in their view-
ing task. The fact that they were all expérienced may account for
the lack of variability seen on a day to day basis, White (1969,
1872) in 'reviewing the laterality literature, noted that field super-
iority can vary as a function of familiarity with the stimulus

material.

Threshold Comparisons (50% Correct Recognitinns)

When RVF and LVF threshold exposure durations were analyzed
to determine sensitivity differences between the half-fields under
the I;IVO stimulus presentation conditions (WW and WN), no signif-
icant half-field differences in threshold exposure durations were
found for the viewing of words in either condition (Tables 6, 6A).

According to the laterality concept, one might anticipate
significantly lower thresholds for words present in the RVF than for

words found in the LVF. This contention was not supported by the

results »f the present study,



THEORETICAL CONSIDERATIONS

Post-exposural Directional Scanning

Heron's theory is predicated on the presentation of stimulus
words in a way that resembles normal reading matter (in the
English language, a horizontal arrangement), As one of its coritrols,
the present study employed alphabetical stimuli that were vertically
mountéd. Therefore, no evaluation. o'.f the present study's findings

in terms of post-exposure scanning is possible,

Attentional Bias

‘Attentional bias theories speculate that the left hemisphere is
primed" for the appearance of verbal material, so that the observer
tends to pay attention to the right side of the visual field, and an
attentional bias (and resulting RVF superiority) is the outcome.. .

The present study sought to eliminate atte;ltional bias by the
random presentation of words and nonsense syliables, Since only
words had to be responded to, and the observerv never knew in
which field a word would appear, his most efficient strategy was
to maintain fixation. In addition, the randomization of the four
stimulus types (WW,WN, NW, NN) forced the observer to attend to

the entire stimulus field, and made it virtually impossible for him
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to expect a certain type »f stimulus to appear in any one half-field
on any one. exposure, Attention to one field (thereby neglecting
the contralateral half-field) would have produced lower recognition
scores,

In previous studies that employed a bilateral display, the
observer knew or soon learned that words would appear in both
half-fields on every trial, so that exclusive attention to one half-
field would still result in an -acceptable performance; hence the
development »f an attentional "set"” was indeed possible. McKeever
and Huling (1971b) noted that 16 out of 20 subjects recognized one
or less LVF words,

Some recent investigations by McKeever and Huling (1971b)
and Mackavey, Curcio, and Rosen (1975) report that the RVF super-
iority that results when a bilateral display is presented is much
greater than the RVF superiority found when the -bserver views a
unilateral display., | A bilateral display guaranteed that words would
appear in both fields on every exposure; unlike a unilateral display
where a word would be in one field or the other on a random sched-
ule, It seems possible that this enhanced RVF superiority for
simultaneous exposures of words in the result of an attentional
bias,

In the present study, the'reCOgnition levels for right and left

visual fields were approximately the same, and this finding may be
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the result of removing the influence of attentional bias. Contrary
to the resullts reported by McKeever and Huling,and Mackavey,
Curcio, and Rosen, the presence of words in both visual fields
was found to have a detrimental, not an enhancing effect on per-

formance in the present study.

Hemispheric Specialization

The hemispheric specialization theory would predict a RVF
superiority for simultaneously exposed alphabetical material, as it
assumes that the left hemisphere is more efficient than the right
hemisphere in pfocessing verbal information (once the confounding
effect of reading habits is removed)., The results of the present
study do not seem to support this position, No significant field
effect was found. These results seem to show that both right and
left hemispheres are capable of analyzing verbal stimuli,

Historically, the RVF superiority for verbal material was
thought to be a function of the left hemisphere's greater proficiency
at analyzing this type of stimulus matter, In addition, when wverbal
material was presented in the LVF, it went to the right hemisphere,
Aand if a spoken response were required, the information had to be
shunted from the right hemisphere to the left hemisphere (for most
individuals), During this crossover, from right to left hemispheres,

the signal would be attenuated, and a RVF superiority would result,
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In contrast to this theory, the findings of the present study
seer’n to sh-ow that the right hemisphere is as efficient as the left
hemisphere in analyzing or processing information under the condi-
tions and methodology used. Unlike the results of previous bilateral
studies which reported a .significant RVF superiority, the recognition
scores for the RVF in the present study were only somewhat larger
than those for the LVF, and this slight favoring of the RVF may have
been due to the use of a verbal response indicator,

Previous bilateral studies have had many methodological flaws,
Some of these problems which the present study controlled for or
eliminated include directional reading habits, attentional bias,
unequal luminance levels of the tachistoscope, reliance on group
data to the extent that individual perfo;mance is ignored, and lack
of reliability measures, When these and ~ther variables were
controlled for, no field effect was found, In summary, the left
hemisphere may not necessérily be more efficient than the right
hemisphere in processing verbal information, A RVF superiority may

merely be an artifact of methodology.

Double Simultaneous Stimulation

The present study sought to investigate the effects of
double simultaneous stimulus presentation (DSS) and laterality;
i, e, what is the role of a second word in relation to field differ-

ences? Specifically, if the word-nonsense syllable pair is
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regarded as the baseline or control condition, what happens to the
recognition.level for that word (the test stimulus) when the non-
sense syllable is replaced by a second word., Even more specific;-
ally, does a word replacing a nonsense syllable in the IVF result
in a greater number of correct recognitions for the other word (in
the RVF) as compared to when a word replaces a nonsense syllable
in the RVF? The cerebral dominance theory ‘would predict higher
RVF scores for both situations. Yet the results of the ~present study
demonstrate that the presence of a ‘second word (WW condition)
decreases performance regardless of‘ which field the test stimulus
appears in, For éxample, exposing a word in the LVF decreases
thé per cent correct recognitions in the RVF, How is this possible
if the projection of verbal material from the RVF depends primarily
on its termination in the left hemisphere? The conclusion seems
obvioﬁs that neither projection is stochastically independent. What
is initiated in the RVF can be altered differentially by the presence
of verbal material in the LVF and vice versa.

Since interactions between left and right hemiretinal inputs
cannot occur along the classic retinogeniculostriate pathway (not
at the lateral geniculate nucleus, not striate cortex levels), one is
left with the possibility of intercerebral interactions at the prestriate
and inferotemporal cortical areas (Mishkin, 1972), The primary

visual area, striate cortex (Brodmann's area 17) has for all intents
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and purposes, no known connections with the npposite hemisphere
(Mountcastie, 1974), The ipsilateral prestriate region (both areas
18 and 19) receives efferents from striate cortex, and in turn pro-
jects to inferotemporal cortex (areas 20 and 21) of the same hemi-
sphere (Hubel and Weisel, 1965), Homologous prestriate areas in
the two cerebral hemispheres are connected by the corpus callosum,
while homologous inferotemporal areas are linked via the anterior
commissure (Mishkin, 1972; Mountcastle , 1974), Thus, the pre-
striate relays visual information from the striate to other cortical
areas of the same and opposite hémispheres. Indirectly, the

striate cortices of the two hemispheres are interconnected through
the prestriate and inferotemporal areas. It has been postulated that
the prestriate interhemispheric connection may be responsible for
the confluence of the right and left halves of the visual field (Hubel
and Weisel 1965),

Subcortical connections exist as well., The prestriate area is
reciprocally connected with the pulvinar, which in turn sends effer-
ents to the superior colliculus, pretectum, and »ther midbrain
structures (Mishkin, 1972). The inferotemporal cortex is connected
with the amygdala', pulvinar, superior colliculus,and pretectum
(Mountcastle, 1974),

In summary, a great number of intra~ and interhemispheric

connections are present in the human brain. Bilateral -simultaneois
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stimulation »f the two hemiretinae elicit responses in both the left
and right sides »f the brain, which in turn can interact post-syn-
aptically in a very complicated fashion, Hence there are numerous
possibilities for interhemispheric "crosstalk” and interchange, It
seems mnst unlikely that visual informatinn would travel an isolated
route with no possibility of interhemispheric interactions when the
stimulus display is bilateral, |

In addition to the possibility of hemispheric interaction, the
present study points up the finding that the results of bilateral
stimulation »f two hemiretinae appears to depend on the type of
stimulus material preseﬁted to the nbserver, The presence »f two
words (WW), rather than a word and a nonsense syllable (WN),
could result in more hemispheric interaciton and interference, and
hence lower recognition scores. Further processing may be necess-
ary when two words have to be identified (WW), as compared to
the presence of a word and a nonsense syllable (WN). Subtle
patterns of excitation i‘n the prestriate and inferotemporal areas may
be involved, bilaterally (Mishkin, 1972).

In summary, the visual 'system has a complex, interactive
arrangement, and any theory that expounds the notion that the two
hemispheres function in a stochastically independent manner is

neglecting known anatomical and physiological findings.
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Figure Al. Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O: LG for testing session L,
The word—word (WW) condition is across the top; word=-nonsense

syllable (WN) condition is along the bottom. Left eye (OS) is on

theAleft; right eye (OD) is on the right.
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Figure A2 ., Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O: LG for ﬁesting session 2 .
The word=word (WW) condition is across the top; word~-nonsense
syllable. (WN) condition is along the bottom. Left eye (OS) is onl

the ieft; right eyé (OD) is on the right.
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Figure A3 , Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual haif—fieldvs as a function
of exposure duration (in msec.) for O:1G for testing session 3 .
The word-v;lord (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the'left; right eye (OD) is on the right.
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Figure Afl . Per cent correct recognitions of words in the left
(dashed line) and right (solia line) visual half-fields as a function
of exposure duration (in msec.) for O: LG for tesiing session 4 .
The worli-—w’ord (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the‘ left; right eye (OD) is on the right.
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Figure AS ., Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O:LG for testing session 5 .
The word=-word (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left; right eye (OD) is on the right.
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Figure A6 . Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O:HC for testing session | .
The word-word (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left; right eye (OD) is on the right.
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Figure A7 , Per cent correct recognitions of words in the left
(aashed liné) and right (solid line) visual half=fields as a function
of exposure duration (in msec.) for O:HC for testing session 2 .
The word=word (WW) condition is across the top; word-nonsense '
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left; right eye (OD) is on the right.
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Figure A8 , Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O:HC for testing session 3 .
The word=word (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left; right eye (OD) is on the right.
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Figure A9 . Per cent correct recognitions of words ih the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O: HC for testing session 4 .
The word-word (WW) condition is a;cross the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left: right eye (OD) is on the right.,
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Figure Al0 . Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O:HC for testing session § .
The word=word (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left; right eye (OD) is on the right.
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Figu;e All , Per cent correct recognition&;: of words in the left
(dash_ed line) and right (solid lihe) visual half-fields as a function
of exposure duration (in msec.) for O: JH for testing session 1 .
The word=-word (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left; right eye (OD) is on the right.
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FigureAl2 . Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O:JH for testing session 2 .
The word-word (WW) condition is across the ‘top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the 'left; right eye (OD) is on the right.
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Figure Al3 . Per cent correct recognitions of words in the left
(dashed line) and ‘right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O:JH for testing session 3 .
The word-word (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left; right eye (OD) is on the right.
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FigureAl4 . Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O:TH for testing session 4 .
The word-word (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the. left; right eye (OD) is on the right.
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Figurepl5 . Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O: JH for testing session 5 | .
The word=word (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left; right eye (OD) is on the right.
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Figure Al6 . Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O: MWfor testing session 1= .
'I'.he word-word (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left; right eye (OD) is on the right.
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Figure Al7 , Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O:MW for testing session 2
The word=word (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left: right eye (OD) is on the right.
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Figure Al8 . Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O:MW for testing session 3 .
The word=-word (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left; right eye (OD) is on the right.
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Figure Al9 . Per cent correct recogr;itions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O:MW for testing session 4 .
The word-word (WW) condition is across the top; word-nonsense
.syllable (WN) condition is along the bottom. Left eye (OS) is on

the left; right eye (OD) is on the right.
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Figure A20. Per cent correct recognitions of words in the left
(dashed line) and right (solid line) visual half-fields as a function
of exposure duration (in msec.) for O:MW for testing session 5 .
The word-word (WW) condition is across the top; word-nonsense
syllable (WN) condition is along the bottom. Left eye (OS) is on

the left; right eye (OD) is on the right.
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Figure A21, Per cent cormrect recognition of w»ords in
the word=word (WW) [dashed line]; and word-nonsense syllable (WN)
[solid line] stimulus exposure conditions as a function »f exposure
duration (in msec,) for O:LG for testing session 1, The left visual
field (IVF) is across the top; the right visual field (RVF) is on the
bottom. Left eye (OS) is on the left; right eye (OD) is »n the

right,
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Figure A22, Per cent correct recognition of words in the wnord-
word (WW) [dashed line]; and word-nonsense vsyllable (WN) [solid
line] stimulus expnsure conditions as a functisn of exposure duration
(in msec.) for O:LG for testing session 2. The left visual field
(LVF) is acrnss the top; the right visual field is on the bottom,

Left eye (OS) is on the left; right eye (OD) is »n the right,
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Figure A23, Per cent correct recognition of words in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN) [solid
line] stimulus exposure conditions as a function of exposure duration
(in msec,) for O:LG for testing session 3. The left visual field
(LVF) is across the top; the right visual field (RVF) is »n the bottom,

‘Left eye (OS) is on the left; right eye (OD) is on the right.
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Figure A24, Per cent correct recognition of words in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN) [solid
line]: stimulus exposure conditions as a function »f expnsure duration
(in msec, ) for O:LG for testing session 4. The left visual field

(LVF) is across the top; the right visual field (RVF) is on the bottom,

Left eye (OS) is »n the left; right eye is on the right,
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Figure A25, Per cent correct recognitons of words in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN) [solid
line] stimulus exposure conditions as a function of exposure dﬁration
(in msec,) for O:LG for testing session 5. The left visual field
(LVF) is across the top; the right visual field (RVF) is on the bottom,

Left eye (OS) is on the left; right eye (OD) is on the right,
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Figure A26, Per cent correct recognition of wo;'ds in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN) [solid
line] stimulus exposure conditions as a function of exposure duration
(in msec.) for O:JH for testing session 1, The left visual field
(LVF) is acrnss the top; the right visual field (RVF) is on the bottom,

Left eye (OS) is on the left; right eye (OD) is on the right,
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FigureA27. Per cent correct recognition of words in the word~

word (WW) [dashed line]; and word-nonsense syllable (WN) [solid

line] stimulus exposure conditions as a function ~f exposure duration

(in msec,) for O:JH for testing session 2, The left visual field

(LVF) is across the top; the right visual field (RVF) is on the bottom,

Left eye (OS) is on the left; right eye (OD) is on the right,
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Figure A28, Per cent correct recognition »f words in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN) [solid
line] Stimulus exposure conditions as a function »f exposure duration
(in msec,) for O:JH for testing session 3., The left visual field
(LVF) is across the top; the right visual field (RVF) is »n the bottom.

Left eye (OS) is on the left; right eye (OD) is on the right.;':
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Figure A29. Per cent correct recogntiion of words in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN) [solid
line] stimulus exposure conditions as a function of exposure duration
(in msec.) for O:JH for testing session 4., The left visual filed
(LVF) is across the top; the right visual field (RVF) is on the bottom,

Left eye (OS) is on the left; right eye (OD) is on the right,
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Figure A30, Per cent correct recognition of words in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN)[solid
line] stimulus exposure conditions as a function of exposure duration
(in m-sec,) for O:JH f»r testing session 5, ’i‘he left visual field
(LVF) is across the top; the right visual field (RVF) is on the bottom.

Left eye (OS) is on the left; right eye (OD) is on the right,
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Figure A31l, Per cent cnrrect recognition »f words in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN) [solid
line] stimulus exposure conditons as a fu‘nction of exposure duration
(in msec,) for O:MW for testing session 1, The left visual field
(LVF) is across the top; the right visual field (RVF) is on the bottom,

Left ‘eye (OS) is on the left; right eye (OD) is on the right.
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Figure A32, Per cent correct recogntion of words in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN) [solid
line] stimulus exposure conditions as a function of exposure duxjation
(in msec,) for O:MW for testing session 2, The left visual field
(LVF) is across the top; the right visual field (RVF) is on the bottom.

Left eye (OS) is on the left; right eye (OD) is on the right,
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Figure A33, Per cent correct recognition of words in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN) [solid
line] stimulus expnosure conditions as a function of exposure duration
" (in msec.) for O:MW for testing session 3. The left visual field
(LVF) is across the top; the right visual field (RVF) is on the bottom.

Left eye (OS) is »n the left; right eye (OD) is on the right,
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Figure A34. Per cent correct recognition of words in the word-
word (Ww) [dashed line]; and word-nonsénse syllable (WN) [solid
line] stimulus exposure conditions as a function of 'exposure duration
(in msec,) for O:MW for testing session 4, The left visual field
(LVF) is across the:top; the right visual field (RVF) is on the bottom,

Left eye (OS) is on the left; right eye (OD) is on the right
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Figure A35, Per cent correct recognition »f words in the word-
word (WW). [dashéd line]; and word-nonsense syllable (WN) [solid
line] stimulus exposure conditions as a function of expossure duration
(in msec.) for O:MW for testing session 5, The left visual field
(LVF) is across the top; the right-visual field (RVF) .is an' the bottom.

Left eye (0OS) is »n the left; right eye (OD) is on the right,
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Figure A36, Per cent correct recognition »f words in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN) [solid
line] stimulus exposure conditions as a function of exposure duration
(in msec,) for O:HC for testing session 1, The left wvisual field
(LVF) is across the top; the right visual field (RVF) is on the bottom,

Left eye (0S) is on the left; right eye (OD) is on the right.
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Figure A37., Per cent correct recognition »f words in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN) [solid
line] stimulus exposure conditions as a function of exposure duration
(in msec.) for O:HC for testing session 2, The left visual field
(LVF) is across the top; the right visual field (RVF) is on the bottom,

Left eye (OS) is on the left; right eye (OD) is on the right.
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Figure A38. Per cent correct recognition of words in the word-
word (WW) [dashed line]; and word—ﬁonsense syllable (WN) [solid
line] stimulus exposure conditions as a function of exposure duration
(in msec,) for O:HC for testing session 3, The left visual field
(LVF) is across the top; the right visual field (RVF) is »n the bottom,

Left eye (0OS) is on the left; right eye (OD) is on the right,
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Figure A39, Per cent correct_recognition of words in the word-
word (WW) [dashed line]; and wérd—nonsense syllable (WN) [solid
line] stimulus exposure conditions as a functiQn of exposure duration
(in msec,) for O:HC for testing session 4.. The left visual field
(LVF) is across the top; the right visual field is on the bottom.

Left eye (OS) is on the left; right eye (OD) is on the right,
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Figﬁre 240, Per cent correct recognition of words in the word-
word (WW) [dashed line]; and word-nonsense syllable (WN) [solid
line] stimulus exposuré conditions as a function of exposure duration
(in msec,) for O:HC for testing session 5. The left visual field
(IVF) is across the top; the right visual field (RVF) is on the bottom.

Left eye (OS) is on the left; right eye (OD) is on the right,
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