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ABSTRACT

MONOCULPAR RECOGNITION OF VERTICARLLY-ORIENTED WORDS

AND LANDOLT Cs IN THE VISUAL HALF-FIELDS

by

Theodore £. D‘Amico

Adv:sor: Frofessor Willjam S. Battersby

A1l past tachistoscopic studies that have been conducted to
investigate hemispheric asymmetries for the processing of alpha-
betiyca) material can be criticized for wsing a verbal response
indicator ands/or failing to control simultaneousliy for directional
reading habits and the influence of peripheral factors. In addi-
tion, many of these :tud195_can be criticized for (a) their re-
lrance on group data, (b) their failure to attend to differences
in luminance in the two wvisual half-frelds, and/or (c) their use
of & single measure (e.g., per cent correct recognition) to eval-
vate functiona! hemispheric differances.

In the presernt study, an attempt was made to carrect for the
shortcomings of these past studies. Towards that end, five dextral
and three s nistral observers (Us) were tested monocu'larly tn four
test sessions (one for each combination of eye and stimulus mater-
1al), In each session, either vertically-mounted words (verbal! con-
dition) or Landolt Cs (acuity condition) were presented one at a
titme to either the left or right of fixatton using a tachistoscope
that 1l1luminated the two visual half-ftelds equally., AT stimult

o
were presented at a retinal eccentricity of 3 at one of three



exposure durations. The exposure durations were selected at the
beginning of each test seesion in an attempt to generate recogni-
tion rates ranging from approxtmately 10X 10 BOZ correct so that
estimates of thresheold (50% correct) exposure duration could be
caiculated.

The task was a "go, no-go” RT discrimination: { was required
to release a telegraph key with his tndex finger as rapidly as pos-
sible following the presentaticn of certain (positive) stimuli and
not to release the key following the presentstion of other {negative)
stimuli. Responses to negative stimuli (false alarms) provided the
basis for determining whether the criterton level of responding was
comparable for left amd right visua) 41eld presentations; responses
to positive stimul1, and tke !'atencies of these responses, provided
the basis for measuring half-field differences in per cent correct
recognition and reaction time, respectively, For each of these
measures, as well as threshold exposure duration, half-field differ-
ences for the left and right eye viewing of words were evalu;ted on
a group and individual basi1s in terms of their statistical stgntfi-
cance after the data were adjusted for differences 1n hemiretina)
acuity, These adjustments were accomplished by subtracting, for a
given eye, RVF~-LVF differences for the viewing of Landolt Cs from
RVF-LVF differences for the viewi'ng of words (acuity baseline cam-
parisons). For each test session, positive and negative stimuli,
field of preserntation, and exposure duration were randomized within
blocks of 45 trials, and the hand used in responding was counter-
balanced across biocks. The type of stimulus material presented
and the eye tested within a session were counterbalanced across

the esight [s.



In germeral, the results 1ndicated that the two cerebral hemi-
spheres differ 1n their abi1lity to process tachistoscopically pre-
sented alphabetical material. Rs a8 group, dextral Q; showed a
significant RVF superiority for per cent correct recognition and
threshold exposure duration in both the left and right eye viewing
conditions, and a significant RVF superiority for reactiaon time in
the right eye viewing condition. In comparison, all half-field
differences for the above three measures were not significant for
the sinistral group.

Rlthough 'n many cases the results fajiled to reach signif-
cance, the dsta for individual Os also indicated that the processing
of alphabetica) matersal 1s not performed equally well by the two
hemispheres. For both le<t and right eye viewing, all five dextral
Ds showed a favor'ng of the RVF for per cent correct recognition
and threshold exposure duration, and four of the five dextral QOs
showed a favoring of the RVF for reaction time. In comparison, all
hatf-field recognition, threshold and reaction time dtffcrenaes for
two of the three stnistrail Os were nonsignificant and small relative
to the half-field differences that obtained for the average dextral
Q.

The results were discussed in terms of (a) Kimura’s hemispheric
specialization hypothesis, (b) the correspondence betuween recognition
and reaction time measures for evaluating half-field differences, and
{(c) previous half-fteld studies that have used a monocular viewing

paradigm.,
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INTRODUCTION

In recent years, numerous tachistoscoplic studies have been
conducted to 1nvestigate diffsrences between the visual half-
fields for the recogrition of unilaterally presented alphabet:-
cal material, 1.e,, matertral that ts pressnted 1n thelleft visual
field (LVF) or right visual field (RVYF) on a single expasure.

The results of these studies have shown that, when alphabetica)
mater ial composed of Latin letters (e.g., the le<ters used in En-
glish) s presented unilatera!ly, per cent correct recogn1t;on s
generally greater 1n the FVF than 'n the LYF (e&.g.,, Bryden, 196€a;
Harcum & Finkel, 1863; Heron, 1857; Mishkin & Forgays, 195Z;
Orkach, 1952, 18967).

Fs cdiscussed below, at least four factors have beer suggest-
ed to account for this findirng. These factors 1nclude direction-
al reading habits, hem!sphef?c spectialization, acu:ty and sighting
dominance (peripheral factors), and the use of a verbal! response
indrcator, The primary purpose of the present study was to deter-
mine whether hemispheri1c specializatron does, 1n fact, play a
role 'n determining half-field differences 1n the recogriition of
unilaterally presented alphabetical material. Specifically, the
primary purpose wis to determirne whether half-field recognition
diffarerces which are 1n accord with the concept of hemispheric
specrali1zation sti1l1l occur whenm a nonvertal response indicator 1s
used, and when the necessary controls are amployed to rule out the
the nfluence of cther factors. Additional cbjectives of the pres-
ent study were tc determine if half-field recognition and RT mea-
gsures are related, and the extent to which handedness (1.e,, left

handedness vs. r1ght handedness) infiuences hoth these measures.



“trectional Reading Habtts

Heron (1857) has suggested that half-field differences 1in
the recocgnition of alphabetical material are due pr\marlly to a
directional "postt-exposural scanning process” (p. 4B8). This
scanning process consists of a sequential! analysts of the memory
trace of the stimulus after 1ts tachistoscopic exposure. The
sequential analysis of the trace can occur without concomitant
eye movements. This 's because 1t consists presumably of central
nervous system activity that precedes overt movements of the eyes
1n a manner si1milar to the phase segquence descrtbed by Habb (1949),
The seguence in which the mempry trace (s scanned and processed
correspcnds to the two types of eye movement that occur during
reading, 1.e8., an initial shift 10 the keginning of tne line of
prnt and short saccades ieft to right. MWhen alphabetical material
composed of Latin letters 15 presented unilaterally, the tendency
to mowve the eyes 2o the beginning of tre 'ine of print and the
tendency tc move the eyes across the line of print are in th;
same direction (towsrds the right) for RVF presentations, and
are 1n opposite directions for LVF presentations. Rccording to
HMercrn (18957), the oprosing eve movement tendenc:es that occur
when alphabetical materi1al 15 presented unilateraliy 1n the LVF
results in a less efficient!y scanned memory trace and, conse-
quently, in pcarer recall of materia) presented In tris half-
field,

Although Heron’s explanation is undeniably speculative, it
seems to expla‘n many of the findings in the half-fteld litera-
ture, For exampie, when aphabetical material is presented on
both si1des of fixation at the same time (bilateral method of

stimulus presertaticn), the mater tal presented 1n the LVF 1s



better recognized (e.g., Bryden, 1966b; Bry,den & Ratney, 1863;
Harcum, 1964; Heron, 1957)., To account for this finding, Heron
suggested that although eye movement tendencies are directional-~
ly opposite 1n the bilateral condition, the dominant tendency §s
to move the eyes (from right to left) to the beg1nn1ng of the
line of print, while the secondary tendency 1s to scan the ma-
terial from left to right., Since the leftmost elements of the
memory trace are presumably scanned and processed first, a LVF
superiority occurs 1n the bilateral conditi10on,

The data pertaining to the characteristics of the stimulus
matertal also lend support tc Heran’s explanation, For example,
Harcum & Finkel (1883) found that mirror 1mages of English words
which are unilaterally presented are better recognized 1n the LVF,
The authors’ explanaticn of this fincing was that mirror i1mages
of English words are read 'n a right to left direction, Caonse~-
quently, when they are presented unilaterally, both eye movement
tendecies are 1n the same cdirection (towards the left) for LVF
presentations, and are im pppcsite directions for RVF presenta-

tions,

Hemispher tc Scecialization

Arn altermnative explanation has been cfferea by Kimura (19614,

1966) to account for the d:fferenttal recognition cf alphabetical

material 1n the two visual half-fields. Like Heron, imura
cisimed that, when alphabetical material 's presented bilaterally,
directional reacding habits overshadow cther effects (e,.g., hemt~-

spher ic speciralization) and produce a super ior recognition in the
LVF.,  Howswver, unlike Heromn, Kimura claimed that, when alphabeticel

materi1al is presented unilaterally, the superior recognition in



the RVF 1s due primartily to the effects of hemispheric special-
tzation, Two basic assumptions underlie Kimura’s explanation.
The first 15 that there 1s a functional difference between the
two carebral hemispheres -- one hemisphere (typically the left)
18 thought to be respomsible for speech and verbal information
processing, the other (typically the right) 15 thought to be
responsible for performing tasks regquiring a high degree of vis-
ualspatial abili1ty (e.g., DeRenzi, Scotti, & Spinnier, 1969;
Kimura, 1963, 1966, 1973; Patterson & Zangwill, 18944; Sperry,
1968, 1973; Warrington & James, 1867). The sacond assumption
is that hal¥-field differences in recognition depend upon the
nature of the stimulus (verbal vs, spati1al) and the cerebral
hemisphere activated., Specifically, it 15 assumed that, for

most (ndividusals, the presentation of verbal material in the

RVF or of nonverbal material_n the (VF results in better recog-
niticn because the materia! 's projected directly to the hemi-
sphere specialized for its processing. The poecrer recognition of

the same mater'a! presentec 1n the opposite halé-Fireld 15 thought
to be due to! (1) an 'neffici1ent processing of the materia! by
the nonspecialized hemisphere; andsor (2) a loss of the informa-
tional value of the material as a result of the additioral synap-~
tic conmections involwved 1n transmissicn to the hemisphere spe-
cialized for 11s processing.,

Evidence supporting Kimura’s explanation comes from three
related lines of 1rnquiry. Firstly, numerous studies using the
unilateral method of stimulus presentation have shown that the
nature of the task or stimulus material (1,e., verbal vs, spa-
tial) strongly influences half-fteld differences 1n recogniticn.

For example, a LVF superiority has been found for dot and



geometric form enumeration (Kimura, 1986), depth perception
(Durnford & Kimurs, 1971), ang the recognttton of random shapes
(Dae & Fontenot, 19733, while a RVF superiority has’been found
for the recognition of English words (Harcum & Finkel, 1963;
Mishkin & Forgays, 1952; Orbach, 1952, 1967; Terrace, 1959) and
letter strings composed cof Latin letters (Bryden, 13E6Ga; Heron,
1957?), Second!y, whem the unilateral method of presentation is
used and an attempt is made to control for directicnal readting
habi1ts by using ei1ther single Latin letters or vertically-mount-
ed English worcds, a RVF superiartty st11] occurs (Barton, Good-
glass & Shai, 1965; Bryden, 13964, 1966a; Goodglass & Barton,
1963). Thus, '1n prder to preserve an explanation based on dit-
rectiona)l reading habits, -t must be assumed that Latin letters
are scanned tn a left to right direction. This assumption seems
unlirkely since a RVF superiority has been found for unilaterally
presented mirror images of s:ngle Latin ietters and vertically-
mounted Hebrew words (Bryden, 19B6a; Barton, Goodglass & Sha;,
1896S). Thirdly, researchers wha have tried t¢ control for cirec-
tional reading habits by wsing ei1ther unilaterally presented
single Latin letters or vertically-mounted letter strings have
shown that half-field recognition differerces are related to hand-
edness (Bryden, 1364, 196S; Levy & Rei1d, 1976). As would be pre-
d:cted based on tne higher estimates of left hemispher:ic special-
1zation for language in the right handed population (38%-99% wvs,
53%X-75%), dextral subjects showed a greater recognition differen-
tial favoring the RVF than did sinistral subjects (Goooglass &
Cuadfasel 1954; Miiner, Branch, & Rasmussen, 19E4; Penfield &
Roberts 18%9; Warrington & Pratt, 1973). When, however, horizon-

tally-mounted ietter strings were used, the favoring of the RVF



was comparable for the two groups of subjects (Bryden, 19€4),
Presumably, 1n the latter case, directional reading habits over-
shadowed the effects of hemispheri1c specialization 1n producing

half-freld differences,

Reuity and Sighting Domtnance

R third explanation ta account for half-field differences
tm the recognition of unilaterally presented alphabetical materi-
al has been sdvanced by Hayashi and Bryden (1967), as well as
Kershner and Gwan-Rong Jeng (1872). These authors have sug;
gested that half-fi1eld recogniticn drifferences are the result
cf an 1nteracticn between hemispheric specralization and pe-
ripheral factors (e.g., acuity and sighting dominance). Ewvi-
dence to support the assumptign that acuity 1s a determinant of

half-fi1eld differences is suggested by the finding that sukjects

with super ior acuity 1n the right eye showed a significant fawvor-
ing of the RYF for the recognition of unilaterally presentea sin-
gle Latin letters, whereas those with superior acuity in the left
eye showea no stgnificant half-field differences (Hayasr1 &
Bryden, 1967:. Hayashi and BEryden accounted for these findings
in the following manner:

Stimuiation provided through the eye with better acuity is
stonger or less distortea than provided through the otner
eye, In addition, there 1s considerable and physiclogical
evidence tndicating that the crossed opti¢c pathways dominate
the uncrossed pathways (Doty, 1858; Hube) & Wiesel, 1959;
Polyak, 1957). This superiority of the crossed pathuays
wou'ld provide an advantage to the left visual field of the
left eye and tc the right visual fi1eld of the right eye.
Taken 1n conjunct'on with the effects of acuity and cerebral
dominance, it would lead us to expect a targe right visual
field superiority in the right acuity dominant subjects, for
whom the right eye contributes the higher level of stimula-
tion. On the otrer hand, littles or no right fteld supesrior-
ity would be expezied In the loft eye acuity dominant sub-
Jects, for whom 1ne left sys 18 more important. (p. B11)



Evigerce to suggest that sighting dominance is a determinant
of half-fteld recognition differences comes from a study by
Kershner and Guan-Rong Jeng (13872). These authors found that
urniilatersally presented English and Chinese words are better recog-
nized by (Chinese) subjects who sight with their right eye, whereas
unilaterally presented forms are better recognized by sub jects who
sight with their left eye. Like Hayashi and Bryden, the authors
interpreted their findings 1n terms of cocular dominance, hemispheric
spec:alization and crossed cptic fiber superiority, .

Bazed on the above evidence, 1t may be inferred that the like-
lihood of obtaining a RVF superiority for the recognttion of uni-
laterality presented alphaketical mater1al 15 enhanced when right
eye viewing 1$ used. Unfortunately, this 1nference is only 1n-
directly supported by the siudies of Hayasnt and Bryden and Kershner
and Guwan-Rong Jeng, since b;th were cdnducted with binccular view-
ing. Moreover, this 1nfererce ts further weakened by the findings
of studies 1n which sub jects were tested monocularty. In geners!,
the results of morocular studies have shown that a RVF superiority
is found only when left eye viewing Is used (Markowitz & Weitzman,
1965, Nelson 1576; GCverton & Wiener, 19EE), or that the half-fielg

differences that occur are '‘ndepencent cf the eye tested (Barton et

al. 156S; Goooglass & Barton, 1963).

Verpas | Responte Inmdicators

White (1872) claimed that both hemispheres are equally capa-
bie of process ng verbal information, He maintained that, when
directional reading habits are controlled for, the typical finding

of a RVF superiortty for unilaterally presented alphabetical



materi1al 1s due to the use of a verbal response Indicator.
White’s argument is based om two assumptions. The first 1s that,
in most individuals, only the left hemisphare is cnbable of int-
tiating a verbsi response. The second is that interhemispheric
transfer of 1nformation results in an attenuation of the stimulus
tnput. Thus, when alphabetical material is presented unilateral-
ly and a spoken or written response is requireo (which 1s usually
the case), a RVF superiority occurs only because LVF presenta-
tions would require am tnterhemispheric transfer of 1nformation
for a varbal response to be initiated,

Evidence supporting White’s contention comes from studies by
Gazzani1ga (1967, 196B). Gazzaniga has shown that, when altphabeti-
cal materral and pirctures are tachistoscopically exposed 1n the
RVF, commissurciomized patierts were able tp identify the mate-
rial using either the written or spoken word. The same materia)
presernted 1n the LVF could not be t1dent:ified using the same re-
sponses indicators, However, 1§ the patients were permitted {o
use nonverbal responses, such as matching the expased stimulus
from among sewveral! alternatives, accuracy of identifaction was
as good for stimull presented in the LVF as for stimuli presented
1n the RVF,

Additional evidence to support White’s explanation comes
from studies 1n which RT has been useu to assess hemispheric spe-
cialization, Geffen, Bradshaw and Wallace (1871), for example,
measured vocal RT and manual RT (ecounterbalanced across suk jects
and mnands) to physiognomical material and found that when wvocal
RT was used, no signi'ficant half-fleld differences obtained, When,

however, manual RT was used, stimul1 were responded tc faster when



they were presented 'n the LVF. PBased on the manual RT findings,
the authors concluded that the right hemisphere {5 superior to the
left 1n processing physiognomical materi1al. This conclusion was
based on the assumptton that both hemispheres are equally capable
of 1nttiating a manual motor response. Thus, when a significant
haif-field difference 1s found for manual RT, the difference is
interpreted as meantng that there 15 a hemispharic asymmetry in
processing speci1fic types of informaticn. Haif-fileld differences
in RT have been explained in terms of interhemispheric trans-

fer time (Filbey & Gazzaniga, 1968), an asymmetry between the hemi-
spheres in the speed of processing speci1fi1c information (Klatzky,
18?70) or 3 combiration cof botk these factors (Geffen et al, 1971),
Gefier e+ al. attributed the failure to find a LVF superiarity

for wvoca' RT to the use of a verbal response 1ndtcator. Specif-
ically, they claimed that, '.when a vgcal response to facial stymu~
11 18 required, this confers an advantage t0 the right remisphere
in stimulus analysi1s and atds the left hemisphere 'n speed o?
respcnse Inttiation, 30 that the net result is a nonsigrnificant
difference 1n RT beween the two visual fields" (Geffen et al.,
1971, p. 4212,

Studies which have used manual RT and have attempted to con-
trol for jeft to right reading habits alsc lend support to White’s
argument because they have not consistently reported a RVF superi-
ority, For example, when single Latin letters are unilaterally
presented, Klatzky and Rtkinson (18?71) found a LVYF superiority,
Rizzolattt, Umilta, and Berlucchi (197%) found a RVF superiority,
and Umilts, Frost, and Hyman (1372) found no significant half-field
differences. DBased on the 'nconsistent findings of these RT studies,

it is difficult to infer whether the two cerebral hemispheres differ



1n their ability to process alphabetical material., Houwewver, the
farlure to find a consistent RVF superiority in these studies may
have been due to the choice of sttmulus material, McKeever and
Huling (1871) stated that "although letters are certainly language
symbols, they are concrete stimult with li1ttle connotative meaning
compared to words (p. 15)." Thess authors contended that {n order
tc test whether there is 8 hemispheric asymmetry In processing alpha-
betical or other types of verbal! material it is necessary to employ
words, as opposed to single letters or letter strings. FAlthough
there 13 no conclusive evidence to indicate that the likelwgood of
fingding = RVF supertor:ty 1s enhancec when words, as opposed to
letter strings, are used, & study by Cohen (1872} suggests that
single Latin letters may be anal.zed either spatially or verbally,
and that the half-field supertiority that occurs 15 deperdent upon
the moce 1n which the letters =re prcocessed. (ohen measured manual
RT to unilaterally presentegﬁLatin letters which were etther phys-
1ically raentical (e.g., AAR) or nominally 1dentical (e.g., Ral. The
sub jects were required to respond by using the i1ndex firnger of one
hand when the twc stimul) were physically 1dentical and to re-
spond with the tndex finger of the other hand when the stimuli
were nominally i1dentical., The results shnowed that, for dextral Os,
rname matches were performed more rapidly when the letters were
presented in the RVF, while .dentity matches were performed more
rapidly when the letters were presented 1n the LVF,

St11] a second reason that may account for the fatlure to

find a consistent RVF supertority for RT to un'liaterally presented

letters is that RT, per se, may tel! us li1ttle about hemispheric
specialization. Kimuras and Durnford (1973) maintained that, 11n

order to assess hemispheric asymmetries, racognttion measures alone,

or in conjunction with RT measures, should be used since the two
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measures may not be related. Furthermore, McKeever and Hu'ing
{1871) clarmed that 1n crder to evaluate functional differences be-
tweer the cerebral hemispheres, the task has to be made difficult
by presenting the stimuli{ at cor near threshold level +~=- the assump-
tion being that if the 'ni1tial 1nput is above a critical energy
level, the attenuation as a result of transcolliosal transfer will
not be sufficient to procduce half-field differences in recogni-
tion. In almost all the studies which have used RT to assess
hemispheric asymmetries, stimulus energy levels well above thresh-
old have been used and, consequently, the recognition rntes'haue
been between 30X and 100X 1n both the left and right visual

fields.

Summary and Raticnale for the Present Stuoy

In summary, numerpus half-field studies hauve been conducted
and at least four factors have been suggested to account for the
finding that unilaterally presented alphabetical material 1s
cetter recognizeo in the RVF, The praimary objective of the

present study was to determine whether one of these factors

~- hemispherac speciralizatian for the prccessing of verkal 1nfor-
mation (Kimura’s explanattion) -- does, '1n fact, play a role 1n
determining this fimding. Although many past studies have had a

similar objective, each of them can be crit'cized for therr farl-
ure to control simultaneocusly for the influence of other factors.
That 's to say, all past studies which have investigated Kimura’s
explanation can be critictzed for using a wverbal response indica-
tor ands/or fai1ling to contraol for directional reading habits and
the nfluence of peripheral factors.

In addition to the abewve shortcoming, almost all studies

that have itnvestigated Kimura‘s explanation or, for that matter,
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altermative explanations of half-field differences, can be crit-
cized on three saditional grounds. Firstly, almost all past
studies have relied upon averaging statistics and have totally
ignored differences in individual performance. HRlthough the use
of averaging statistics ensbles one to generalize the findings,
their use often obscures tna'vidual variations in performance.
Morevowver, significant half-field differences may be found for
group scores, while half-field ditfferences for i1ndtvidual suk-
Jects may fa1]l to reach significance, GSecondly, almost all.past
studies can be criticized for using a single exposure duration
and measuring half-field differences solely on the basis of per
cert correct recogryt-on, While such a procedure 18 eaasy to
impiemert, 1t suffers from several drawcacks. The primary draw-
back 15 that 't does mnot permit one to generate csvchophysical
functions so that estimates cf threshold (1.e,, 50X correct rec-
cgrnition) expcsure duration can be mioe for both left and right
visual fiele --esentations. Moreover, such a procedure doeslnox
permit one tc evsluate drreztly the correspondence between rec-
ogniticn and other measures (e.g., RT) that have been used to
evaiuate helf-i1e' d differences, Thirdly, many past studies can
be critictzes for their faijure to eguate for luminance 'n the
two visual haif-fields. Dtviously, the 1mportance cf hemispherc
specializaticn ar cther possitle determinarts of nalf-field
differences can not be assessad when the results may be due, 1n
part, to the structural or phvsical characteristics of the view-
1ng epparstus C(Wnite, 18725,

in the present study, an attempt was made to correct for the
skertcomings of past studies that have investigated Kimura’s ex-

plaration of half-field differences in the recognition of
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wnitaterally presented alphabetrical material. The praimary objective
was te determine whether dextral subjects (subjects for whom the
left hemisphere is presumabl., specialized for proce3s1ng verba!
information) display half-fie!d reccgniticn and thresholds di1¢-
ferences which are 1n accord with Kimura’s explanation when

the necessary controls are 'mplemented to rule out the 1nfluence

of other factors., HAdditional objectives of the present study

were to determine wrether half-field recognition and RT measures

are related, and the extent to which both these measures are 1n-

fluenced by the handedness of subjects.
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METHOD

Observers. Five male (HC, TY, TS, HM, RC) and'three female
(CD, WG, BK) observers (0s) with normal or corrected vision
served in this experiment. DBased on tests developed by Crovitz
and Zener (1862), five Os were right handed (CD, HC,.NG, TY, BK),
three were left handed (TS, HM, RC) and, excepting WG, BK, and
RC, all sighted with their right eye (see Rppendix C, Tables C
and C ). Each 0 was given one or more practice sessiong to 1
becomi familiar with the expertmental procedure and to prov{de
an estimate of the exposure durattons tc be used 1n the exper -

ment, A1l Os were paid $2.00 per hour and were individually in

fcur test sessions, each lasting approximately 120 minutes,

ARpparatus. A three-channe! tachistoscope (Scientific Proto-
type, model GR) was employsd, Rdapting field and fixation tar-
gets were presented through the blank channel; stimuli were de-
livered through Chamnel 1. Since there were found to be unacﬁept-
able differences Iin luminance between the left and right visual
fields, both charmrnels were moditfied by affixing tin foil and black
cardboard to the white reflecting plates so that, for each channel,
the luminance levels of the two visual half-fimlds did not differ
by more than 12.1 Both channels measured ? inches horizontally by
4 inches vertically and had identical Juminances (.56 ft. L) as mea-
sured by a Pritchard photometer (Photo Research Co.) at the viewing
point, R viewing distance of S0 inches produced a visua) field of
?GSB' hari1zontally by 4054' vertically,

To help stabilize viewing and to ensure that the viewing aye

o

was at S0 to the midpoint of the fixation and stimulus channels, a

chin rest was provided and a wooden i1nsert with a centrally placed
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round sperture 1 and 14 inches in diameter was placed in the view-
tng hood. The chin rest was offset approximately 1 and 172 i1nches
tc the left or to the right of the center of the fiéld (for right
and left eye viewing, respectively) sc that the left and right
visual fields appeared to be of comparabtle stz-.z

Trials were tnitiated by 0 depressing a foot switch which
gimultaneously triggered a stimulus and a digital counter (Hewlett
Packard, model 1672) 1.2 sec., later. Reaction times were measured

from stimulus onset tc the release of a telegraph key which was

depressed by 0’s index finger prior to each trial.

Procedure. The experiment was conducted in a dimly 11t room
with ambient iight provided by a 10 watt bulb so that E could
carry out the tasks of changing the stimuli and recording the
data. R wooden partitition was attached to the front of the
tachistoscope to reduce the ambient light at the point of viewing
and to prevent O from observing the stimuli to be presented.

Each O was tested monocularly tn four test sessions. Dur-
ing sach session, an eye patch was used to occlude the nonview-
ing eye and ei1ther Landolt Cs (acutty condition) or wvertically-
mounted, three letter words (verbal condition) were presented one
at 3 t1me to the left or right of fixation in an unpredictable
order. Figure 1 shouws the si1ze and retinal eccentricity of these
stimuli 1n degrees of visual angle. In the two acuity sessions,
Landolt Cs with & gap tn a 3, B, 89, or 12 o’clock postition or
without a gap were used to test for differences in ocular and
hemiretinal acuity. The gap in the Landolt C subtended a visual
angle of 137, The 6 and 12 o’clock gaps were presented at a

o
retinal eccentricity of 3 , but because the Landolt Cs were
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Figure 1. Diagram of representative stimuli usﬁd in the
present study (Landolt C in the 12 o’clock position in the left
visual fteld for the acuity condition and ths word "LID" 1n the
right visual fiteld for the verbal condition). Retimal eccentric-
ity and dimensions of field ano stimulus matersal are indicated

in degrees cof visual angle subtended,
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always centered at this eccentricity, the 3 and 8 o‘clock gap
positions were 22’ closer or farther from fixation depending on
the field of presentation, ,

Eight verttcally-mounted, thres letter words (LID, LED,

LET, L17T, BID, BED, BET, BIT) comprised of upper case letters
(Prestype #1248) and blank white cards were used as stimuli in

the verbal condition. The words had letters in common to ensure
that 0 was forced to attend to all three letters in order to tden-
tify each word correctly. The words subtended a visual angle of
26’ hori1zomtally and 201?’ vertically and, like the Landolt Cs,
were centered at a retinal eccentricity of 3°. Each letter was of
1dentical hei1ght, subtending 34° 1n the vertical extent and from
4” to 267 'n the hori1zontal extent. The spaces between letters
subtended a visual angle of 17”7,

The task was a "go, no-go" RT discrimtnation! 0 was required
to release & telegraph key as rapidly as possible following the ap-
pearance of certain (positive) stimuli and not to release the key
following the aprearance of pother (negative) stimuli. Responses to
negative stimul1 (false alarms) provided the basis for determining
whether the crtteryon level for responding was comparable for left
and right visual fteld presentations; responses to positive stimuli,
and the latencies of these responses, provided the basis for mea-
suring half-freld differences in per cent correct recognition and
RT, respectively. The pos-tive stimuli in the acuity condittion
were Landolt Cs in the 6 and 12 o’clock gap positions; the positive
stimulit in the verbal condition were the words LID and BET. Reaction
times in excess of an arbiytrary 1imit of 1,000 msec. were counted
as misses when positive stimul! were presented and as correct re-
Jections when negattve stimul) were presented.

For each test session, the positive and negative stimul) were
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presented at three exposure durations. The three exposure dura-
tions were selected at the beginning of the test session itn an eaf-
fort to obtain recognition rates ranging from approximately 10
to B80%. Based on the findings of O’s practice session(s), a sub-
threshold exposure gduration was selected and increased (n one
msec. steps until O verbally identifted six stimulyr 1n suc-
cession, From the exposure duration which yielded six correct
responses, & and 4 msec. were subtracted producing three ex-
posure durations with a range of 4 msec. To verify that the
exposure durations selected would generate recognition rates
ranging from approximataly 10X to BOX, EO additional stimuli
were presented, 20 at each of the three exposure durations.
Based on the results of the €0 tria) presentation, the magnt-
tude of the values and the intervals between exposure durations
were 1ncreased, decreased, or maintained.

During sach test sess:'on, 360 stimuli were presented cne at
s time, Each stimulus had an equal likelti1hood of being presént-
ed at a specific expcsure duration 1n ei1ther the left or right
visual field, The combined probabi1lity of presentation was .5
for positive stimul1 (.25 for each of the two positive stimuli)
and .5 for negative stimuli. Thus, at each of the three expo-
sure durations, 30 posttive and 30 negative stimuli were pre-
sented 1n each visual half-freld, The sessi1on was subdivided
into B blocks of 45 trials, Within each block, positive and
negative stimuli, field of presentation, and exposure duration
were randomized. Two or three minute rest periods were given be-
tween blocks to permit € to reorder the stimulus mater(al, On
half the trials, O fnitiated the trial by depressing a foot

switch with his right foet and responded by releasing a telegraph
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key with his right index ftnger, 0On the other half aof the trials,
the left foot and left tndex finger were usec.

Prior to the test session, 0 was told tre stimGlus choices,
probability of precentation of the positive and negative stimuli,
and to 1tnitiate a trial only when he was maintaining fixation.

In an effort to maintain a strict criterion, 0 was also told prior
to the session that accuracy of responding was more important than
speed of responding. MWhen 0 committed a false slarm (a response
to 3 negative stimulus) during the test session, he was further
cautioned to release the telegraph key only when he was certain
that &8 positive stimulus had been preserted,.

For the first two sessions, half the Os were tested using
the acuirty stimuly, and the other half were tested using the ver-
bal stimuly. The order ¢f testing eyes and the tn'tiation-
response sequence were counterbalanced across the eight Es.

In summary, five dextral! and three sinistral Ds were tested
monzcularly 1n four sessions. Within each sesstaon, either ve}ti-
cally-mounted words or Landclt Cs were presented 1ndividually 1n
ei1ther the left or right visual! field at one af three exposure
durations, The 0’s task was toc release a telegraph key ss rapid-
ly as possible whern a positive stimulus was presented and nat to
retease the key when a negative stimulus was presented. A tota)
of 90 positive and 20 negative stimul) were presented 1n each

visual helf-freid im each session.

Deta PFrnalysis, The data for the dextra! and sinistral Os

were analyzed separately on a group and individual basis with re-
spect to the number of responses tc the presentation of negative
stimul1 (false alarm data), and the number of resg.-ses and the

latency of responses to the presentation of pesit-ve stimuly
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(recognition and RT data, respectively). For sach of these mea-
sures, half-field drfferences for the left and right eye viewing

of words were evaluated in terms of their statistical significance
after the cdata were adjusted to tahe into account differences 1n
hemiretinal acuity. These adjustments were accomplished by sub-
tracting, for & given eye, RVF - LVF differences for the viewing

of Landolt Cs from RVF - LVF differences for the wviewing of words
(acuity baseline comparisons). For the false alarm and recognition
data, hal¥-Ffi1eld differences were evaluated over the entire dynamic
range. For the RT data, houwever, half-field differences were eval-
uated over the i1ntermediate and longest exposure durations (D  and
D, respectively) because the response frequency at the shortzst
e3p03ure duration (D ) was too low to allow for a meaningful! analy-
$15 of the dazta. Fo:low:ng the above aralyses, two approaches uere
used to assess the corresponderce betueen half-field recognition

and RT differences. Bn alpna leve! p%,05 (two-tailed test) was

was adopted for all analyses,
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RESULTS

False Rlarm Data

In order to determine whether the recognition data had to be
adjusted to reflect criterion differences in responding to stimul1
in the left anmd ri1ght visual firelds, false alarm rates for Landolt
Cs and words were exam1ned.3 The group percentages of false alarms
for LVF and RVF presentations were 3.1 and 3.2%, respectively, for
the dextral group, and 3.B% and 3.1X%, respectively, for the sinis-
tral group. For each group of Os and for each 0 considered.sep-
arately, acuity baseline comparisons (i.e., comparisors which were
performed to contrel for differences in hemiretinal acuity) re-
vealed that half-freld differerzes 1n the verbal and acuity con-
ditions were nct significantly different for either teft or right

4
eye viewing (see FAppendix C, Tables C & C 2, Rccardingly, no
3 4
ad justment for criterion differences was applied tc the recognittion

data.

Recoanition Data -- Group Frndings

Graphic Represeration. Figures 2 and 3 present, for the

dextral and sin'stral groups, respectively, mean per cert cor-
rect recognition vs. expcsure duration functiaons for the left
eye {(labelled 0CS on the top cf the page) and right eye (labelled

0D on the bottom of the page) viewing of Landolt Cs (left side cof

S
page) and words (right side of page). The cata for LVF and RVF
presentations are represented by dashed and solid ltnes, respec-
tively, and overall half-field differences are shown In parenthe-

ses 1n the lowsr right guadrant of sach function.
Visual inspection of these figures reveals that, when oif-

fererces in hemiretingl acuity are taken 1nto account, Loth groups
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Figure 2. Mesan per cent correct recognition of Landolt
Cs and words in the left (dashed line) and right (solid 1ine)
visual half~fields as a function of exposure duration (in msec.)
for the dextra) group. Left eye (0S) on the top; right eye (0D)
en the bottom, (Mean RVF-LVF differences analyzed across nf1
data points are shown in parentheses in the lowsr rtght quad-
rant of each function. HNote -- A positive number indicates a

favering of the RVF.)
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Figure 3, Mean per cent correct recognition of Landolt
Cs and words 'n the left (dashed line) and right (solid line)
visual half-fields as a function of exposure duration (tn msec.)

for the sintstral group. Left eye (0S)} on the top; right eye

(0OD) on the bottom. (Mean RVF-LVF differences analyzed across
all data points are shown 'n parentheses 'n the lower right guad-
rant of each fumction, Note -- A positive number indicates a

favoring of the RVF.,)
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of Es showed a recognition differential favoring the RVF for

both the left and right eye viewing of words. Figure 4 (which
was derived by referring half-field differences in the wverbal
condi1t1on to thetr respective aculty baselrnes) shows, how-

ever, that the magnitude of thi1s effect was substantfally greater
for the dextral group in both the left (Z25.7% wve. 10.0X) and

right (18.3% vs. B.,9%) eye vtewing conditions,

Acuity Baseline Comparisons. fRAcuity baseline cemparisons

evaluating the effects of Field (LVYF vs. RVF), as well as Duration
(D wvs. D vs. D) and Hand (left hand responding vs. right hand
rclpandtng), uEF: accomplished by performing four 2 x 3 x 2
analyses of vartance (one for each combination of group and eye),
In each of these analyses, all three factors were repeated on 0Os,
and the dapendent variablie was the difference in the proportion
of zorrect responses 1n a given fi1eald for the viewing of the tuwo
types of St1MU|l.6’? The results of these anzlyses reveaied that,
when differences 1n hemiretinal acuity were taken into account,
the dextral group showed a significant RVF supericrity for the
recognition of words in both the left and right eye viewing con-
ditions, while the sinistral group showed no significant hatf-
freld differences 1n e1ther viewing condition, With the exception
ef the significant Field effects mentioned .tbove and a stgnificiant
main effect, Duration, that occurred for the dextral group for the
right eye recognition of wcrds, all other findings were insignifi-
cant (see the summary tagl;s of these analyses of wvariance in RAp-
»

pendix C, Tables € -C 1,
S 8
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Figure 4. Half-field (RVF-LVF) recognition differencss
for the viewing of words mirius hatf-fiteld recognition differ-
ences for the viewing of Landolt Cs as a furiction of exposure
duration, Dextral group on the top; sinistral group on the
bottom. (Mearn differerces analyzed across all data poirnts are
shown 'n parentheses (n the iower right quaprant oY each func-
tion. MNote -- R positive number indicates a favoring of the

RVF .)
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Threshold Comparisons. In order to further evaluate half-

field recognition differences, LVF and RVF threshold (50X correct
recognition) exposure duyratrons were computed for each D trn each
of the four test sass1ons.10 Then, as 1n the previous per cent
correct recognition analysis, the data for the two groups of 0Os
were analyzed separately to determine whether significant half-
field differences occurred in the wverbal condition when the data
were adjusted to take 1nto account differences in hemiretinal
acuity, Hsg can be seen in Takle 1, threshold exposure duratian
for the dextral group was significantly shorter 1n the RVF for
both the left and right eye viewing cof words. In comparison,
the synistral! group showed no significant half-field differences

in threshold exposure duration for the viewing of words 1n etther

viewing condition,

Recognition Data -- Individual Findings

Graphic Representation, In the manner described previously,
Figures B - B (see fAppendix B) present, for the five dextral Es,
per cent ;orregt recognition 1n the left (dashed !i1ne) and right
(solid iitne) visual half-fi12lds as a function of exposure duration
for each combination of cbserver-eye and stimulus material. Faig-
ures B - B (see Appendix B) present, 1n the same fashion, the
¢unct1§ns fgr the three sinistral Os. A summary of the data shown

in these figures 1s presented 1n Table 2 in the main tody of the
text.
Inspection of Table 2 shows that, when differences 'n hemiret~

inal acuity are taken into account (see columns labelled D - D ),

W L
all dextral 03 showed a recognition differential favoring the RVF
for both the left and right eye vitewing of words. The magnitude
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TABLE 2

Individual Data: Half-field (RVF-LVF) differences (D) In per cent correct recognition for
the left (0S) and right (0D) eye viewing of words (W) and Landolt Cs (L),

- — . = ] o o o o Ak T A e e ki e o T e e S S e - T T e Y i i o - o

-------------------- 0S------~==--ocmmemmen o R e iaiadnd 1) ¥ R L U
------ WORDS----- ---LANDOLT Cs-- m===---WORDS-~---- -=--LANDOLT Cs--
0 RVF  LVF D RVF  LVF D o -D RVF  LVF D RVF  LVF D D -D
- W L W oL W L W L

= At AN R E A G e = el e T M A e T R . ——— e TEE - . — . - —— ———
- - - - - B e i o L R ———

s o il o T i o o T i o o o R T e - At e i o

WG 73.3 32.2 41.1 58.9 47.8 1.1 30.0 74.4 41,1 33.3 55.6 50.0 5.8 27.8

TY ©64.4 28.9 35.6 65.6 43.3 22.2 13.3  45.6 S1.1 -5.6 41.1 64.4 -23.3 17.8

e e o i o i o o T T ot . ——— T T L - e o

i o ok T T o o e . S T T e i T T

MM 48.9 S54.4 -5.5 52.2 S4.4 -2.2 -3.3 48.9 60.0 -11.1 S8.9 54.4 4.4 -15.5

ki T o ok ke T W T s - T o T - P . e . L e ———




of thi1s effect ramnged from 13.37 to 44.4% in the left eye view-
vng condition (X=25.8% , and from 2.2% to 27.B% 1n the right eye
viewing condirtion (X=1B.2%). With respect to the shtnistral group,
two of the three Os (TS and RC) also showed a recognition dif-
ferenti1al favoring the RVF for both the left and right eye view-
ing of werds. Only for 0:FC, however, was the magnirtude of this

effect comparabie to that displayed by the average dextral 0.

Rcuity Basel!ine Compariseons. 1In crder to evaluate the sta-

tistical! signficance of the recognition differentials of eaéh of
the eight Os, a series of z tests uwere perfcrmed.11 ARs can be
seen 1n Table 3, three dextral Os (HC, WG, and BK) and cne sinis-
tral 0 (RC) showed a significant RVF superiority 1n the left eye
viewing condition, and two dextral! Os (WG and BK) and one sinis-
tral 3 (RC) showed a saignifizant RVF superiority i1n the right eye
viewing condition, HNone of lhe cther ha!f-field differences
were significant,

Before considering the RT data, a comment should be made
about the stringency of the test used irn the preceding acuity
baseline compari1sons. HAs was the case when group data were e&x-

amined, half-field differences for the viewing of Landolt Cs were

nct treated as population parameters (i.e., as measures without

sarny wvaritabi1lity assocciated with them), but as sample statist1cs.12
Since, however, the findings for words and Landolt Cs were not
correlated for individual Cs, half-field differences for the two
types of stimuli1 had to differ on the average by more than 20,7X

13
to be significant.

RT Data -- Group Findings

Graphic Representation. Filgures £ and B present, far the
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Figure 5, Mean RT (in msec.} to Landolt Cs and Qords
1n the left (cdashed )line) and right (solid line) visual half-
fielus as a function of exposure durstion (in msec.) for the
dextra! group. Left eye (0S) on the top; right sye (0D on
the bottom. (Mean RVF-LVF differences analyzed acraoss all
data points are shown in parentheses 1n the lpwer right quad-
rant of each function. HNnte -- In contrast to the recognition

data, & negative sign 1ndicates a favoring of the RVF.)
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Figure B. Mean RT (yn msec.) to Landolt Cs and words

in the left (cdashed 1'ne) and right (solid line) visual hal#f-

fields as 3 function of exposure duration (in msec.) for the
stnistral group. Left sys (035) on the top; right eve (GD) on
the bottom, (Mean RVF-LVF di1fferences analyzed across all

data points are shown 'n parentheses In the lower right quad-

rant of each function, HNote -- In contrast tc the recognition

data, & negative sign Indicates a favaring of the RVF.)
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dextral and sinistral groups, respectively, mean RTs at the nter-
mediate and longest exposure durations for the left and right
eve viewing of Landolt Cs ang words?4’1s The data f;r LVF and
RVF presentaticns are reprecsented by dashed and solid lines, re-
spectively, and overall halé-fi1eld differences are shown 1n pa-
rentheses 'n the lower rignt guadrant of each function. Figure
? shows, for both groups of Os, the functions which were derived
by referring half-field differences for the viewing of words to
their respective acuity baselines,

Vigsual tnspection of these figures reveals that when the
data 1n the verbal conditicn are adjusted to take 1nto account
differences in hemiretinal acuity, both groups cof Os showed a
favortng of the RVF i1n both viewing conditions. Howewver, untike
the reccgnition data, the magmitude of this effect was greater
for the sinistral group than-the dextral group for both left
(-34.0 msec. and -1?2.0 msec., respectively) and right (-31.0 msec.
and -28.5 msec., respectively’ eye viewing. AfAs will be shouwn
later, the results displayed by the sintstral group were due

largely to a single 0 (RQ),

PFcuity Baseline Comparisons. In order to analyze the group

RT data, an approach similar tc the one used tn analyzing the
group recognittion data was employed. Separate 2 x 2 x 2 analyses
of variance, with repeated measures on each factor, were performed
for each combination of group and eye. The factors tested were
Field (LVF vs. RVF), Duration (D wvs. D )}, and Hand (left hand
responding vs. right hand respong1ng), ind the dependent wvariable

was the mean RT difference per field for the viewing of both stim-

wlus types., The results revealed that, when differences in
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Figure ?, Half-field (RVF-LVF) differences in RT (in
msec.) for the viewing of words minus ha!f-field differences
in RT for the viewing of Landol!t Cs as a function of exposure
duration, Dextral group on the top; sinistral group on the
bettom. (Mean differences analyzed across all data points
are shown in parentheses 1n the lower right quadrant of each
functton. MNote -- In contrast to the recognition data, a

negative si1gn indicates a favaoring of the RVF,)
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hemiretina) acuity were taken into account, the dextral group showed
a significant RVF superiority for the right eye viewing of werds.
With the exception of this finding and a signif:cani Field x Dura-
tion {nteractton that occurred for the dextral group tn the left
eye viewing cendition, all other findings were not significant.
(see the summary tables of these analyses of vartamce in Rppendix
C, Tables C - C ).15

13 16

RT Data -- Individual Findings

Graphic kepresentaticn. Figures E - B (see Appendix B)
9 13
present, for the five dextral Os, mean RTs to left (dashed line)
and right (solid line) visual fileld presentations as & function

of exposure duratign for each combination of observer-eye and

stimulus materi1al)l, Figures B - B (see Appendix B) present,
in the same fashion, the 4uncl?ons lgr the three sinistral Os,

AR summary of these data is ﬁ;esented in Table 4 in the main body
of the text.1?

Inspection of Table 4 shows that, when differences in hemi-
retinal acuity are taken into account (see columns labelled D -
L ), dextral Os generall, responded faster to words presantedw1n
t:e RVF. This was true of four of the fiue dextral Os (CD, HC,
WG and TY) 1n the left eye viewing condition, and for all five
dextral 0Os i1n the right eye viewing condition, Rs was true for
the recognition data, the half-field differences displayed by

sinistral D0s:TS and RC were directionally similar to those found

for dextral Os, wnile those displayed by stnistral O!HM were not.

Acuity Paseline Comparisons. In order to evaluate the sta-

tistica! significance of the i1ndividual RT data over the inter-

mediate and Jongest &xposure durations, a procedure cutlineg by
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Wimer (1962) was followed. This procedure consisted of perform-
1ng two independent t-test#: one t0 compare half-fi1eld differences
at the intermedrate exposure duration, the other to'compare half-
field differences at the longest exposure duration. A z score

was then der ved by summing the resultant t-values and dividing

by the square roct of the number of wvalues summed (in all but one
case, twc).1a As can be seen in Table 5, significant results were
found for only two Os. Dextral 0:HC snowed a signtficant RVF
superiority In the left eye viewing condition and, as was the case

for the recognition data, stnistral D:RC showed a significant

RVF superiority in both wviewing conditions,

Correspondence Betweer Half-F:i:eld Diffe~ences Iin Recognition and RT

Two approaches were used t0 assess the corresponderce between
recognition and RT measures of half-field differences. In the
first, statistical tests wer; perfaornmed to determine the signifi-
cance ¢f half-field recognition and RT differences for each group
and 0 in each cf the fcur test sessions (2 viewing conditions x
2 types of stimulus materia]).1s In order to makhe meaningfu! com-
par isorns between the two measures, however, both the recognition
and RT data were evaluated over the tntermediate and longest ex-
posure durations. Rfter the above tests were performed, the half-
f1eld recognition and RT differences that occurred in each session
were compared on & grewup and individua! basis with respect to
ther statisttcal significance (1.e., LVF significant, RVF si1g-
nificant, or statistically nomstgnificant) and the directionality
(1.e., favoring the LVF or favoring the RVF) of the two sets of
findings., The results eof this analysis revealead that for group

cdata (see Table 6), half-fi1eld recognition and RT differences
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Group Data:
recognition

TABLE &

The statistical
(REC.) and RT diffarences

significance of half-field (RYF-LVF)
(evaluated over the inter-

mediate and longest exposure durations) i1n each of the four test
sessions.

----------- 08+---------- ======-=-==--0D-------~---

~==-WORDS~- - LANDOLT Cs - --WORDS- - LANDOLT Cs
GROUP REC RT REC RT FEC RT REC. RT
DEXTRRL RYF = RVE * RYF RVE % RVF RVF LVF LVF
SINISTRAL RVF RVF LVF LVF LVF RVF LVF LvF
#p <,05
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were 11 agreement 1n 7 out of B cases with respect to the)r sta-
tistical significance (p<.0S) and the favored visual half-fi1eld
(p<.0S). As can be seen 1n Table ?, significant corresgondences
were alse found when the individual data were examined. Indi-
vidual half-field recognition and RT differences were 1n agree-
ment 1n 20 out of 32 cases 1n terms of their statistica) signfi-
cance (p<,05), and in 27 out of 32 cases 1n terms of the favored
visual) hatf-field (p<,05),

The second approach used to assess the correspondernce betuween
recegnition and RT measures consisted of computing four Pearson
product-moment corretation coefficients. Each cocefficient was
computed by correlating individual half-field recognition and RT
differences (both of which were evaluated over the 1ntermediate
and longest exposure duraticns) that occurred {n a given -«st sas-
sion, PRAs can be seen in Table 8, the recognition and RT differ-
ances ccrrelated significantly for three of the four test ses-
s1ons. The averasge amount of variarce accounted faor (i.e., r2)
1n the four test sessions was SBX, ranging from 38% for the right
eye viewing of words to 764 for the right eye viewing of Landolt

Cs.
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I3

Individual Dara The statisttical significance of half-field
(RVF-LVYF) recogrition (REC.,) and RT di“fe-ences (evaluated opver
the yntermedizate and longest exposure durations) 1n each of the
four test sessrons,
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*p (,05
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TRBELE 8 '

Correlations (r) between half-freld (RVF-LVF) differences in
recognition and RT (evaluated cver the intermediate and longest
exposre durations) in each of the four test sessions,

A S ——— Ty T T — s — ] i A

2
TEST SESSION r t df r.
0S5 WORDS -.72 2.55% & .52
0S LANICLT Cs -.BZ 3.50% & .67
0D WORDS -.BO 1.84 B .36
0D LRANDOLT (s -.87 4,35%% 6 .76
*#p<,05 -

*#%p <, 01
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DISCUSSIDN

In the present study an attempf was made to determine whether
hemispher ic specinlization (as inferred by handedne'ss) plays a role
in determining half-field differences In the perception of unit-
laterally presented alphabetical materia!. Towards that end, wvar-
ious methodologicat controls were employved to eliminate, minimize
or take tnto acccunt, directional (left to right) reading habits,
differential occular and hemiretinal acuity, and the biases that
may result from using a verba! response indtcator and fatling to
equate for luminance 1n the two visual half-fields, Specifically,
directional reading habits were minimized by exposing three letter
words 'n 8 vertical direction, Differential ocular and hemiretinal
acuity were tzken 1ntQ account by using a monocular viewing para-
digm and comparing, for a given eye, half-field dtfferernces for
unilaterally presented worcs and Landolt Cs (a traditional measure
of acuity), The biases that may result from: (1) using a wverbal
response indicator and {(2) failing toc equate far luminarice 1H the
two visual haif-fields were el iminated by employing & nonverbal
response indicator (which provided information concerning the
accuracy and latency of the response) and equating for luminance
in the left and right visual fields to within one par cent,

As discussed below, the findings of the present study are of
significance not only with respect to the role hemispheric special-
1zation plays 1n determining half-fiald differences in the percep-
tion of alphabetical material, but also with respect to! (1) the
degree of correspondence between recognitton and reaction time
measures for evaluating half-field differences, and (2) a re-
oevaluation of previous half-field studies that have used a mo-

nocular viewing paradigm,
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Half-Field D:fferences 1n Reccgnition. The present findings

support Kimura’s (19EB, 1873) claim that hemispheric specraliza-
tion 1s an important determinant of half-field differences 1n tne
recognition of alphabeticae]l matertal. Probably the strongest sup-
portive evidence for Kimura’s c'atm comes from an analyst(s of the
half-f1eld recognition and threshold differences that were found
for dextral Os. Specifically, whem the data for the viewing of
words were adjusted to take tnto account differences 1n gcular

and hemiretinal acurty, the dextral group showed a significant

RVF superiority for recognition and threshold 1n both the left

and right eye viewing conditions. Moreover, when the individual
data 1n the two viewing conditions were aralyzed in the manner
descr 'tbed above, all five dextral 0Os displayed half-differences

in recognition and threshold that were directionally similar to
those that were found for the group as a2 whole., It should be point-
ed out, however, that in the case of threshold, a test of signifi-
cance couwld not be applied to tre dats and, 1n the case of récognt-
tion, 1ndividua!l half-field differences fairled to reach significance
502 of the time., The frilure toc find significance tn many cases,
however, may have been due to the stringency of the statistical
test that was employed. Rs mentioned previouslty, group and indi-
vidual half-fi1eld drfferences for the viewing of Landolt Cs were
not treated as population parameters, but as sample statistics.
Since half-field differences for the viewinyg of words and Landolt
Cs were not correlated for the individual data, the average criti-
cal difference needed to reach sign:ficance was greater than

20.7%, Evidence 1ndicating that the stringency of the test was
responsible for the failure to find sign:ficamt results in a

greater percentage of the cases comes from an analysis in which
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half-field differences for the viewing of Landolt Cs were treated
as parameters. When this was done, a s gnificant RVF superiority
was found in BOXZ of the cases for dextral QOs.

Additional evidence to suppert Kimura’s claim comes frem an
analysis of the half-field differences that were found for sinis-
tral OUs. Previous studies that have evaluated the effect of handed-
ness on half-field differences for alphabetical material have gen-
erally found that subjects for whom the right is the preferred hand
show greater recognition differentials favoring the the RVF than
do sub jects for whom the left hand 1s preferred (Bryden, 1964, 1865;
Levy & Reid, 137E; Orbach, 1967). One interpretation of this re~-
lationship 1s that handedness and hemispheric specialization are
interdependent. Ewvidence supporting this interpretation comes from
clinical studies which have shown that left hemisphertc specializa-
ti1on for language is meore Jjtkely to cccur in the right handed pop-
ulation and that a birlateral capactty for language is more lihely
10 occur 1n the left handed population (Guodglass & Quadfasel,

1954; MiIner, Bramch, & Rasmussen, 1584; Warrington & Pratt, 1972),
Though based on a limited sample, the findings of the present s udy
support the notion that left hemispheric specialization for lan-
guage is less pronouncead snd-or less likely 20 occur in the lef:
handed population. RAs a grcup, sinistral Os showed a8 small and non-
srgnificant favoring of the RVF for recognition and threshold 1n both
left and right eye viewing conditions, Moreowvsr, an analysis cof

the individual data revealez that only one of the three sinistra!

Os (RC) displayed RVF recognition and threshold superiorities that

were comparable to those displayed by the average dextral 0.

Hal¥~-Fielg Differences in Reaction Time. The reaction time

findings of the present study, like the collecttve findings of
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previous RT studies (e.g., Klatzky & Rtkinson, 1970; Rizzolatti
et al., 1871, Unilta et al., 18723, are 1nconzlustve with re-
spect Kimura’s hemisgheric specialization hypcthes13. For exam-
ple, examination of group hali-field ditfferences revealed that,
whern the data were adjusted to take trzo account differences 1n
ocular ard hemiretinal acu'ty, both grougs of 0Os showed a favor-
ing of the RVF. LUnlike the recognition data, however, the mag-
nitude of this effect was somewhat greater for the sinistra’
group 1m both viewtng conditicns, It should bes pointed out, how-
ever, that because cf the limited sample s1ze and greater wvari-
ability, the results failed to reach significance for the sinis-
tral greup for ei1ther jeft or right eye viewing. In ccmparison,
the dextra! group showed a significant RVF superiority 1n the
right sye viewing condition.

The inconclusiveness of the reaction time data was alsoc seer
when the (ndividual data were examined. For example, 2l! dextral
O0s, excepting BK, resgonded to words faster when they were p;e-
sented in the RVF for both left and right eye view!ng. This, how-
ever, wass alsoc true for two cof the three sinistral Os (TS and RC).
Moreover, signiyficant findings were found for only two Us. One
dextral 0 (HC) showed a s gnificant RVF superiority in the lefi eye
viewing condition and, as was the case for recognition data, sin-
tstral 0:RC showed a significant RVF supertority (n both viewing
conditions.

Although the present RT findtngs may be i1nterpreted to sug-
gest that the two cerebra! hemispheres do not differ In their
ability to process alphasbetica! material, th's suggesticn seems
unlitkely 1n the light of the half-field recognition and threshold

differences that were found in the present study. There are
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several factors that may, 1n part, account for the tnconclusive-
ness of the reaction time data. The first ts the instructions
which were grven to Os prior to each test sesston, ’Spec1ftcally,
Ep were told that accuracy of responding was more tmportant than
speed cof responding. Furthermcre, when Es committed a false

alarm during a test sesion, they were further cautioned to respond
only when they were certain that a positive stimulus had been pre-
sented., Inm all likelihood, these instructions tncreased reaction
time variability (since speed of responding was of secondary im-
portance} and, thus, decreased the chances of finding signitficant
half-field differences. f second factor that may have been re-
sponstble for the 1nconcliusiveness of the present findings was

the limited number of RT trials 1n each test sesston. HAs men-
tioned previously, mean RTs were based only on responses to pos-
tive stimuls presented at the 1ntermediate and longest exposure
durations, Mean RTs to stimuli presented at the shortest expos-
ure duration were not analyzed because of the Jow response r;te.
Since per cent corect recognitiaon at the jongest two exposure
durations averaged only 71.8X), half-field RT differences were based
on approximately 172 trials per O, as comgared to 360 trials per
0 For hailf-f1eld differences in recognition.,

Before discussing the tests which were used toc evaluate the
correspondence between half-field recognition and reaction time
measures, a comment should be made about the manner in which Lan-
dolt Cs were used in the present study. Rlthough Lando!'t Cs may
not have been the most appropriate stimuli for providing an acuity
baseline, the following two points should be constidered. Firstly,
numerous studies have used Landclt Cs tc evaluate differences iIn

ocular and hemiretinal ascutty (e.g., Lythgoe, 1832; Markowitz &
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Weirtzman, 1969; Shiaer, 1537)., Secondly, and more impcrtantly,
the purpose of the present study wes not to evaluate half-field
differences in acuity, per se, but rather to determine whether
half-field differences vary as a function of stimulus material,
The i1mportance of this second point ts suggested by studies which
indicate that visual half-field differerces may be related to:
(1) periphersl factors {(Gardner & Bramski1, 1976; Davidoff, 1977,
Hayash1 & Bryder, 19687; Kershner & Guan-Rong Jeng, 1972);

(2) the report instructions given the subjects (Dick & Mewhort,
1967); (3) individual differences tn the mode 1n which letters
are processed (Cohen, 1972); (4) the method of stimulus presents-
tion {(Heron, 18S%7); and (3) the optica! characteristics of the
viewing apparatus (White, 1872}, Thus, the tmportance of func-
tiocnal hemispher ic asymmetries in determining half-field differ-
ences can only be inferred whenm 1t 's demonstrated that these dif-
ferences vary as a function of stimulus materi1a) using the same

viewing apparatus, methodology and, preferably, the same subjects.

Correspondence Between Fecognition and Reaction Time Measures.

AR review of the half-field 'iterature suggests that recaognition
and manual reaction time measures do not always yield similar re-
sults, For example, when single Latin 'etters were unilaterally
presented to dextral Os, Bryden (1864, 18E5, 1966a) and Bryden and
Rainey (19B3) found a significant RVF superiority for recognition,
whereas Klatzky (1970) and Klatzky and Rikinson (1871) found a
significant LVF superiority for manua! reaction time., Moregver,
in many of the studies in which significant half-field RT dif-
ferences were found for unilaterally presented alphabetical

material, half-field recognition differences failed to reach
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s'gnificance (e.g., Isseroff, Carmon, & Nachshon 1873; Klatzky,
1970; Rtzzolatt: et al., 1871),

Although some of the earlier evidence suggests that recogni-
tion and manual reaction time measures may not be related, the
present findings indicate that there is a correspondence between
these tTwo measures, For example, when half-field recogntion and
reaction time d'fferences that were found In each test session
were compared omn a group and individual basis with respect to!

(1) their stat:stical significance (1.e,, LVF si1gnificant, RVF
signtficant, or statistically nonsignificant) and (2) the direc-
ticnality (i.e., favoring of the LVF or fasvoring of the RVF) of
the two sets cf findings, the results were s:ignificant in all
cases for bottk the group and 1ndividual dasta, Morecver, 1n all
but one test session the correlation between half-field recogn-
tion and reaction time differences was significant, with the
average amount of variance accounted for 1n the four test ses-
sions betng 5S8%,

One possible explanation that may account for the correspondence
betwesen recognitior and reactisn time measures in the present study,
and the failure to find such & correspondence in most previous manual
reaction time experiments (e.g., Isseroff, et al., 1974; Rizzolatt:
et al., 1871), 15 the difference 1n the stimulus energy levels used
in the former and latter cases., Specifically, in the present study,
stimul were presented at threshold tevel. 1In most previous manua)
reaction time exper iments, on the other hand, stimuli{ were presented
wel! above threshold with caoansegquent detection rates of 90X - 100X n
both the left and right visual fi1elds., Thus, the failure to find
significant half-field recognition differences in studies reporting

significart half-field reacticnrn time differances may have been due to
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a cer1ling effect (as evidenced by the high detection rates 1In
both visual! half-fr1elzZs), rather tharn to & lack of correspondence

¥
between the two measures.,

Frevious Monocular Half-Field Studies. Most past studies

that have i1nvestigated half-field recognition differences for uni-
laterally presonted slphabetical material! have typically relied
upon bimocular viewirg (e.g., Bryden, 18E4, 1983, 1573; Forgays,
1853; Hereon, 1857; Mishkin & Forgays, 1852; Orbach, 1952, 1867).
In the few monccular viewing studies, the results have been.con-
tranictory, For example, Over-on and Wiener (126€) fourmd that
dextral 0s reccgnized words tetter 1n the RVF only when they
used their left eye. Markowitz and Weitzman (18ES), McKeever and
Huling (1370), Ne)! et al. (1871}, Sha), Goodgiass and Barton
(1972), and Nelson (iS7E) have reported a similar finding for the
mgrccular recognition cof un:}aterally presented letters, nonsense
syllakles, and words. 1Im ccmparison, like the pregsent study, Good-
glass and Barton (19E3) and Earton et al. (13€3) found that dex-
tral Os recognized words better i1n the RVF regardless of the view-
ing eye.

Thus, the preponderance of past evidence is in oipastticn te
the present findings. There are, however, at least tw: reasons
that may account for this apparent discrepancy. The fi1rgst 1s that in
only one previcus mconocular study was am attempt made to control for
differences in ocular and hemiretinal acutty (Markowitz & Weirtzman,
19683, In that study, the suthors found that the wvisual acuity of
ei1ther eye, as mez2s.red by the Landolt C, was greater for the LVF of
the right eye arnd tne RVF of the left eye. Thus, tre differential

half-field findings that hsve been reported for the two eyes may
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be due, tn part, to the 1nfluence of peripheral factors.

R second reason s that 'n almost all past monocular studies the
authors did not report whether head or eye centeriné was employed.
That 's to say, no mention wes mace 1n these studies as to whether
the center of the subject’s head or of the viewing eye was at 30
degrees to the midpoint of the fixation and stimulus channels.

Rs menticned previously {(see Footrnote 2 & Rppendix AY, preliminary
research revealed that, regardless of the viewing eye, head centering
resuited 1n an 1mequality of the phystical si1ze of the left and right
visual fields amd, as & conseguence, produced half-field differences
which were not the same as those found in the eye centered and border
equated conditions. Specifically, in the head centered condition,
relative to the other two viewing conditigns, stimul1 presented 1n
the LVF of the right eye or the RVF of the left eye appeared farther
from the blackered korder and were better recognized than stimuli
presented 1n the cpposite half-fields. Thus, the typical finding

of a RVF superiority for only left eye viewing may be due, 1n‘part,
to the type of viewing that was employed i1n past studies.

The findings of tha present study and past experiments 1ndi-
cate that in order 20 assess the 1mportance of functional hemi-
spheric asymmetri1es as a determinant of half-~field differences, con-
trols must be employed to eliminate cther 1nfluences. Specifically,
controls must be employed to rule out the Influence of: (1) direc-
tional reading habits, (2) the optical characteristics of the view-
ing apparatus (e.g., lack of homogeneity of lumtnance 1n the two
visual half=-firelds), (3) differential ocutar and hemtretimnal acuity,
(4) the bias that may result from using a verba! respeonse 1ndicator,

and (S) {n the case of monocular viewing, the border contrast effect
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that results from not having the subjects’s eye at S0 degrees to the

midpoint of the fixation and stimulus channels.
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FGOTNQOTES

)]

Frior to conducting the present study, photometraic readings
revealed that the luminance levels of the two visual half-fields
were not comparable in Channei 1 (the channal that was used to
dgeltver the stimulus materiall, Specifically, the luminance of
the RVF was approximately 16X greater than that of the LVF. A
discussion of this problem with Mr. Feldstetn (a technical rep-
resentative of Scientific Prototype) revealed that, for most
planar tachistoscopes, the luminance of the RYF 15 considerably
(approximately 15%-20X) greater than that of the LVF 1n Channe!
1, while the reverse is true for Channel 2 (the other stimulus
channel in which the stimult are rotated 180 degrees).

2

Freliminary investigatton revealed that, for both left and
right eye viewing, the cenmtering of the head tn the chirn rest
(and not the eye!) resulted in an inequality of the physica) si1ze

of the two visual helf-fields. Specifically, stimuli presented
in the RVF of tne left eye or the LVF of the right eye appeared
farther frem the blackened border than stimuli presented (n the

opposite half-fields. The effects of each type of viewing on
recognition are presented 'n RAppendix A,

3

As mentiocred previousty, RTs in excess of 1,000 msec. to
negative stimuli were not counted as false alarms, but as correct
rejections. In the present study, they occurred on only 18
(¢.2B%) out of a possible total of 5,760 trials (B Os x 4 test
sessi1ons x 180 regative stimuli per sessian).

4
The 1ndividual data were evaluated using the following form-
ula (Hovland, Lumsdaine, & Sheffield, 1949):

--------------------------------

n n n n
where: P eothe false alarm rate for words presented in the RVF
P4-the flase alarm rate for words presented in the LVF
Pz-the false alarm rate for Landc!t Cs presented in the RVF

P sthe false alarm rate for lLandoit Cs presented 1n the LVF
1
n =the number (90) of negative stimuli presented 1n each
visual half-field in a given test session

p =(P + P + P + P )r4
1 2 3 4
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ARs mentigned previously, RTs 1n excess of 1,000 msmec. to
positive stimul: were not counted as correct tdentiftcaticns, but
as misses, In the present study, they occurred on only 14 (<, 252
out of a possible total of 5,780 trials (8 0s x 4 test sessions x
160 positive stimul1l per sessior),

B

The following example i{llustrates how *he depencdent wvariable
was derived 1n the above analyses., MWhen stirmult were presented
a8t the intermediate exposure duration 1n the RVF and the right
hand was used in responding, dextral 0:CD recognized 14 out of
15 words (93.3X%), and 11 out of 13 Landolt Cs (73.3X%). Therefores,
the difference in the proportion of correct responses was 20,0
(93.3% - 73.3%),

? ;

In the aztove analyses, an arc sin transformation (2 x arc
&'n proportion of correct responses) was performed to rormalize
the data ard reduce the covariance petween the mean and standard
deviation (Kirk, 18868),

8
These analyses were also run without an arc sin transforme-
tion, In at! cases, the statistical s:gnificance of the findings
remaimned unchanged (see Appendix C, Tables C - C ).
9 12
g

AR Duncan’s Multiple Range Test was used to investigate the
significant main effect, Du-atior, that occurred for the dextra!
group 1r the rignt eye wviewing cond:tion (Bruning & Kintz, 18°?7).
The results of thi1s test shcwed tnat, at the the shortest expo-
sure durastion, per cent cor-sct recognition was significantly
greater than at each o2f the other two exposure duratio=s. This
finding indicates that words, as compared to Lancolt Cs, were
better reccgnized by the dextral group at the shortest exposure
duretion in tne right eye viewing condition,

10
Based orn the ph: gamma hypothesis, a litnear least squares
solution was used 1o caiculate thresho!d exposure du-ation,

11
The tndividuat data were evatuated using the follocwing form-
ula (Howvlanog, Lumsdatine, & Sheffimsld, 1949}

---------------------------------

_81_



where: P = per cent correct reccgnition of words presented tn the

4 RVF

P = per cent correct recognition of words presented 1n the
3 LVF

P e« per cent correct rececgnition of Landolt Cs presented 1n
2 the RVF

P = per cent correct recogniticn of Landolt Cs presented 1n
1 the LVF

n s the number (80) of positive stimuli presented 1n each

viswual half-field 1n a given test session:
p = (P +PFP +P + P )4
1 2 3 4

12
Rs c¢an be seen 'n Foctnote 11, half-field recognition dif-
ferences for the viewing of Landolt Cs were treated as estimates
of hemiretinal differences in acuity. HAccordingly, there were
four sources of wvariance that were taken I1nto account when acuilty
baseline compari1sons were performed.

13
If the data for the viewing of Landolt Cs were traated as
population parameters, a sign:ficant RVF superiority would have
obtained for four dextral Os (CIJ, HC, WG, and BK) and one sinis-
tral 0 (RC) 1n the left eye viewing condition, and for four dex-
tral 0s (HC, WG, TY, and BK) arnd one sinistratl D (RCY in the
right eye viewing condition.

14
As mentioned previously, half-field differences in RT at
the shortest expcosure duration were nbt analvzed because the
response rate 2t this duraticn Las too low to allow for a mean-
ingful analysis of the data.

15
Logar'thmic transfcrmations were not applied to the RT data
because reaction times were generally faster to Landolt Cs than to

words, Thus, egquivalent half-f eld RT differences for the two
types of stimulus material woulo Not be equivalent If the data
were transformeoc using logari1thms. It should be pointed out,

however, that, for both the group Band individual cata, the sta-
tistical srgnificance of the RT findings remained wunchanged
when logartthmic transforms were used,.

16

To i1dentify which of the Filelds (LVF wvs. RVF) was respons:-
ble for the sigrificant Freld x Duration 'nteraction that occurred
for the dextra) group 1n the left eye viewing condition, simgle
main effects were calculates (Erunimg & Kintz, 1877). The results
of this test showed trat, relative to the results that occurred
at the 1ntermeciate exposure duraticn, words were responced to
faster at the longest exposure duration when they were presented
in the RVF,

17?
Each mean (n Table 4 was derived by taking an unweighteg
average of the mean RTs that cotained at the intermediate and long-
est exposure durations,
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18

This procedure was empioyed because, 1n most cases, recog-
nition increased and RT decreased with increasing exposure dura-
tien. Thus, if the mean RT for a gtven field was based on the
combined data at the intermediate and longest exposure durations,
two problems would have resulted. Firstly, the variance associ-
ated with the mean would have been greatly i1ncreased. Secondly,
ana more 1mportantly, the mean for the field with lower recog-
nition would have been underestimated. To illustrate thi1s sec-
ond point, constder the data for sinistral J:RC for the right
eye viewing of Landolt Cs. For LVF presentations, the mean RT7s
at the intermeciate and longest exposure durations were based
on 29 and 3C trials, respecti:vely. For RVF presentations, on
the other hand, mean RTs at the intermediate and longest exposure
durations were based on 8 and 13 trials, respectively. Thus, f
the data at the two exposure durations were combined before com-
puting the mean, there would have been a disproporticnate weight-
ing of the data at the longest duration for the field with lower
recognition.

19
The statistica)l tests which were used to evaluate the group
ang 'ndividual data, as well as the results of these tests, appear
in Appendix C (see Tables C -C ),

17 34
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RAPPENELCIX R

(THE EFFECTS OF HERD RND E~E CENTERING ON RECOGNITIUN)
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As mentioned previously (see Footneote 2), preliminary research
reveaiecd that, regardless of the viewing eye, head centering re-
sulted 1n an 1neguality of the phystcal si1ze of the two visual
hal!f-fields, while eye centering did not. Specifically, in the
head centered condition, stimuli presented in the LVF of the right
eye or the RVF of the left eye appeared farther frnm.the blackened
border of the stimulus channel. In the eye centered condition, on
the other hand, stimultl appeared equally distant from the blackened
border regardless of the viewing eye or field of presentation.

In order to determine whether the above viewing condit;ons have
an effect on half-field recognition dtfferences, and whether this ef-
effect i1s due tCc border contrast, a control experiment was conducted
prior to the present study. In this experiment, twc Os (dextral
0:CD and sintstral 0:TS) were tested monocularly under the following
viewing conditions! (1) eye centering, (2) head centering, and
(3) head centering w:ith the lorder in the smaller appearing field
moved in g0 that the left and right visual fields appeared comparable
in size (see Figure A ). In each of these conditions, the vertical-
ly-mounted words used11n the verbal condition cof the hresent study
were presented unilaterally at a single exposure duratton which was
selected at the beginning of each test session to generate a per cent
correct recognition rate of approximately 50X, In total, 180 stimuln
(S0 per field) were presented randomly to either the !eft or right
of fixation and the Q’s task was to idertify vertally the stimuls
and freld of presentation. ARAs can be seen in Figure A , half-field
differences vearied as a function of wviewing cond1tion.2 Specifical-
ly, 1n the head centered condition, relative to the eyve centered
and border equa-ed conditions, stimuly presented in ei1ther the

LVF of the right eye or the RVF of the left eye were better recog-

nized than stimul) presented 1n the opposite half-frelds.
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Figure A . Diagram of how the verbal stimul: appeared
relative to f:xat1cn and the blackened borders for left (0S)
and right (0D) eye viewing 1n the head centered, eye ceritered,
sand border egquated conditions, Retinal! eccentricity and di-
menions of fireld and stimulus material are indicated iIn deg;aes
cf visual angle subtended. (Notes -- (a) In each of these condi-
t1ons a single stimulus was delivered to ersther the left or right

of fixation per exposure, (b} The perceived distances of the

stimuli from the blackened borders were empirically determined.)
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Figure R . Mean per cent correct recognition of words
2
in the left (striped bar) and right (cross hatched bar) visu-
a! half-fields as a function of viewing cundition for dextral

O:LY (top of page) and sinistra) 0:TS (bottom of page).
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RPPENDIX B

(SUPPORTING FIGURES)
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Figure B . Mean per cent correct recognition of Landolt
Cs and words 1n the left (dashed line) and right (solid line)
visual half-fields as a function of exposure duration (in msec.)
for dextral 0:CD. Left eye (05> on the top; right eye (0D) on
the bottom, (Mean RVF-LVF differences analyzed across all aata

points are shown 'n parentheses 1n the lcwer right guadrant of

each function,)
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Figure B . Mean per cent cr~ract recognition of Landolt
Cs and words ?n the left (uashed line) and rignht (solid line)
visual half-fields as & function of exposure duration (in msec.)
for dextral Q:HC. Left eye (DS) on the top; right eye (0D) an
the bottom. (Mean RVF-LVF differences aralyzed across all aata

poirts are shown 1n parentheses in the lower right quadrant cf

each funcrion.)
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Figure B-. Mean per cent correct recagnition of Landolt
Cs and woros Tn the laft (dashed line) and right (soli1d line)
visual half-fields as a function of exposure duration (i1n msec.)
for dextral Q!WG. Left eye (0S) on the top; ryght eye (0D) aon
the bottam, (Mean RVF-LVF di1fferences analyzed acress all aata

points are shown in parentheses 1n the lower right quadrant of

each function.)
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Figure B . Mean per cent correct recognition of Landolt
Cs and words ?n the left (dashed line) and right (solid 1ine)
visual half-fields as a8 function of exposure duration (in msec.)
for dextral Q:T7TY. Left eye (0S) on the top; right eye (0D} on
the bottom. (Mean RVF-LVF differences analyzed across all data

pocints are shown in parenthesss in the ljower right quadrant of

each function.)
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Figure B . Mean per cent correct recognitton of Landotft
Cs and words ?n the left (dashed line) and right (solid line)
visual half-fieids as a function of exposure duratten (in msec.)
for cextral 0:BK. Left eye (0S) on the top; right eye (0OD) on
the bottom, (Mean RVF-LVF differences analyzed across al)l &atn

points are shown in parentheses In the lower right guadrant of

each function.)
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Figure B . Mean per cent correct recognition of Landolt
Cs and words ?n the left (dashed line) and right (solid tine)
visual half-fields as a furnctiron of exposure duration (in msec.)
for simistral D:75., Left eye (0S) on the top; right eye (0D) on
the bottom. (Mean RVF-LVF differences analyzed acroass all data

points are shown 'n parentheses in the lower right quadrant of

each function.,?)
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Figure B . Mean per cent corrsct reccgnition of Landolt
Cs and words Tn the left (dashed line) and right (solid line)
visual half-fields as a function of exposure duration (in msec.)
for sinmnistral O:HM, Left eye (0S) on the top; right eye (0D) on
the bwottom, (Mean RVF-LVF differences analyzed across all &ata

points are shown 1n parentheses tn the lower ri1ght gquadrant of

each ftunctiomn,)
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Figure B, Mean per cent correct recognition of Landoltt
Cs and words ?n the left (cashed line) and right (solsd ltine)
visual) haif-fields as a function of expssure duration (in msec,)
for stnistral 0:RC., Left eye (0S) on the top; right eye (0D) on
the bottom. (Mean RVF-LVF differences analyzed across all aata

points are shown 1n parentheses in the lower right guadrant of

each function.)
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Figure B . Mean RT (in msec.) to Landolt Cs and.words N
the left (dasEed l'ne) and right (solid line) visual half-fields
as a functicon of exposure duration (in msec.) for dextral EJCD.
Left eye (0S) on the top; right eye (00) on the bottom. (Mean

RVF -LVF differemces analyzed across all data potnts are shown 1n

parentheses 1n the lower right guadrant of each functiorn.)
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Figure B , HMean RT (in msec.) to Landolt Cs and words in
the left (das;Sd line) and right (solid !ine) visual half-fields
8s 8 function of exposure duration (in msec.) for dextral D:iHC.
Left eye (0S) orn the tap; ~1ght eve (0D) on the bottom, (Mean

RVF-LVF differemces anal.c-ed across all data points are shown in

parentheses 1n the lower right guadrant cf each function.)
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Figure B . Mean RT (in msec.) to Landolt Cs and words n
the left (das;ld l1tne) and right (scligd line) visual half-fields
as a8 funmction of exposure duration (1n msec.) for dextral D:WG,
Left eye (0S) on the top; right eye (0D) on the bottom. (Mean

RVF-LVF differemces analyzed across all data points are shown n

parentheses in the lower right quadrant of each function.)
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Figure B . Mean RT (1n msec.) to Landolt Cs and words 1in

12
the left (dashed line) and right (solid line) visual half-fi1elds

as a function of exposure duration (in msec.) for dextral (Q:TY.
Left eye (0S) omn the top; right eye (0OD) on the bottom, (Mean
RVF -LVF differemces aralyzed across all data points are shown 1n

parentheses '1n the lower right guadrant of each function.)
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Figure B . Mean RT (1n msec.? to Landelt Cs aﬁd words 1n
the left (das;zd line) and right (solid tine) visual half-fields
as a8 function of exposure duration (in msec.) for dextral 0:BK.
Left eye (0S) on the top; right eye (O0D) on the bottom. (Mean

RVF-LVF differemces analy-ed across all data points are shown 1n

parentheses 1n the lpwer right guadrant of each function.,)

-10G-



lo1

MEAN REACTION TIME (MSEC.)

700}
650}
600}
550}
500}
asof
400}

DEXTRAL 0O: BK

0S LANDOLT Ce

(-19.0 msec.)

4.5 6

0D LANDOLT Ce

0S WOPDS

70
65
600
55
50
45

. 40

(-1.5 msec.)

. e

~=—LVF
—RVF

70
650
60
55
50
45

(-14.0 msec.)|
4.5 6

0D YORDS

700}
650}
600t
550t

500

450G

T
—— e e
_— e o

400

(-43.5 msec.)l

7 9

EXPOSURE DURATION (MSEC.)



Figure B . Mean RT (1n msec,) to Landolt Cs ano words 1n
the left (das;:d line) ang right (sclid line) visual half-fields
8s a funrction of expasure duration (in msec.) for sinistral 0:7S5.
Left eye (0S) on the top; right eye (0D) on the bottom. (Mean

RVF-LVF dréferemces analyzed across all data points are skawn 1n

parentheses 1n the lower right guadrant of each function,)
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Figure B . Mean RT (1n msec.) to Landolit Cs aﬁd words 1n
the left (dasgzd 11me) and right (solid line) visual half-fields
as a function of exposure duration (in msec.) for sinistral O:IHM,
Left eye (0S) on the top; right eye (00) on the bottom. (Mean

RVF-LVF differemces analyzed across al' data points are shown 1n

parentheses 1n the lower right guadrant of each function.)
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Figure B . Mean RT (1n msec.) to Landslt Cs aﬁd words 1n
the left (dasgzd line) and right (soli1d l1ne) visual half-fields
as & function of exposure duration (in msec.) for stinistral 0:RC,
Left eye (0S) on the top; right eye (00) cn the bottom. (Mean

RYF~LVF differemces analyred across all data points are shown 1n

parentheses 1n the lower right quadrant of each function.)
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RPPENDIX C

(SUPPORTING TRELES)
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TRELE C
1

The Crovitz and Zener test for handedness and the scores of each
of the ei1ght Us on this test,

FRnswer the following questions carefully. Imagine yourself per-
forming the activity described before answering the guestion,
Ansusr by drawing a circle around the appropriate set of letters
appearing to the left of each question whose meaning 1s:

Ra = right hand always Lm = left hand most of the time
Rm = right hand most of the time La = left hand aluways
E = both hands equally X = do not know which hand
(1) Ra Rm E Lm La X: 5 used to write with,
(2) Ra Rm E Lm La X! to hold nairl when hammering.
(3) Ra Rm E Lm La X! to throw a balil,
{4) Ra Rm E Lm La X! to hold bottle when removing top.
(5) Ra Rm E Lm La X! 15 used to draw with,
t€)> Ra Rm E Lm La X! to hecld potato when peeling.
(?) Ra Rm E Lm La X! tc hc'd pricher wnen pouring out of 1t,
(B) Ra Rm E Lm La X! to hold scissors when cutting.
(9) Ra Rm E Lm La X! to hold knife when cutting food,.
(10) Ra Rm E Lm La X: to hold needle when threading.
(11) Ra Rm E Lm La X: to hold drinking glass when drinking.
(12 Ra Rm E Lm L= X! to hold tooth brush when brushing teeth.
(12) Ra Rm E Lm La X! to hold dish when wiping.
(14) Ra Rm E Lm La X: holds tennis rachet when playing.
fvery ttem 1s8 scored on a S<point scals., On Items 3, 3, 5, 7, 9,
11, 12, and 14, Ra 1s scored "1%; Rm, "2"; &£, "3"; Lm, "4"; and
La, "5". AIl octher 1tems (2, 4, B, 10, 13) are scored 'n the re-
verse fasnion, Items marked “ are prorated. The h'ghest possible

right-handed score 15 14, and the highest left-handed score 1s 70.

Scores for Dextral (s Scores for Sirnistral Os
_Ll Score _D_ Score
CD 16 TS s7

HC 18 HM =]

[ 16 rRC 44

TY 20

BK 14
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TABLE <
2
The Crowvitz and Zener test for si1ghting dominance and the scores
of the eisght Os on this test.

The subject was instructed to sit erect and fixate a point placed
upon the blackboard before him. While fixating this point, he was
instructed to bring a penc:l, which unttl then had been held
vertically with his right (left) hand at hi1s nose into line with
the fixation-point. He was then told to close h1s right (left)
eye and to note whether the pencirl was st1l1l 1n line with the
fi1xatien point or had shifted to the right or left of 11. Eight
trials were grtven every 0; two each with a specified eye covered
and with a penci1l 1n a specified hand. When the right eyve was
¢lcsed, a report of the penc:! remaining 'mn line was classi1fied
as 3 "left-eyeorness repert’, while a repert of the penci! jumping
to the right was classif:ed as a "right-evedness report”. The
reverse scoring procedure was used wherm the left eye uas closed,

Scores for Destral Os Scores for Sinistral Gs

e Dominant Eye Score : G Domsinant Eyve Score
CC Right g8-8 TS Right g8

HC Right 6-8 HM Rignt 8-8

WG Left -8 RC Left B8

T Right B8-8

BK Left 8-8
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TRBELE C

Group Ceta: Same eye comparicons of halé-freta (RVF~LVF) differences (D) in
false a arm rates for the wviswing of words (W) ano Lammely Cs (L),

----------------- R e "L AL C L LR P PR LR
-~--WORLS--~-~ --LANDOLT Cs-- -=---wWORLS~---- = +LANDOLT Ca--

o RYF  LWF D RVF W+ 1) D-D RVF  LVF ] RVF LvF D D -D
- w LMWL [N L W L
DEXTRAL _SLUF
3 2.2 0.0 2.2 1.7 2.2 -1 3.2 Q.0 2.2 2.2 2.2 1.1 1.1 =3.3

x 2.2 2.6 -0.4 3.0 4.8 ~+*.9 1.9% 3.7 3.3 G.4 3.7 4.4 -0.7 1,1
t
ry 0.82 D.48



Ingdiviaun! Tmtia: Same
vm faise nlurm rates fo

8 1] o

W L
o1 2.2x% -1.1%
HC 3.3 c.0
WG «1.1 Q.0
Ty 3.3 -3.3
BEK 2,2 o.Q
TS 1,1 2.2
HM c.o -4, 4
RC -2.2 -3.3

TRELE C

[}
eye compari1sons of half-fiela (RVF-LVF) oiferences (D)
r tne vrswing of woros (W) ang Lanoclt O (L.
TR i L L R R R srtmmremcan. QD---c-ee---omm o
D -0 z C o] b -n H
W oL W L WL
______________________________________________________ -
DEXTRAL OS5
2.3x 1,35 -2.2% 1.1% ~3.3x -1.3%8
3.3 c.?8 -2.2 2.2 0.¢ Q.00
-1 -C.5%1 LI =1 5.% 1.24
6.7 1.78 =3.3 C.0 =3.3 =1,15%
.2 Q.64 t.1 1. .0 Q.00
SINIZTRAL 2€
=1.1 -0.28 4.4 4.4 0.0 0.¢0
4.4 1,43 4.4 2,2 2.3 ~0.64
T Q.3 1.1 -4, 4 %.5 1.41
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TRBELE C
5

Dextral Greoup: Analysis of vartance comparing the ;ecognition
data for the lsft eys viewing of words and Landolt Cs.¥

Source =33 df ms F )
Field (F) 14,039 1 14.039 37.97 p<.01
Error (F) 1.478 4 . 370

Duratioen (D) 2.487 P4 1.243 1.04 n.s.
Error (D) 9.5286 8 1.191

Hand (H) . 188 1 .188 4.18 n.s.
Error (H) 182 4 . 045

F = D 2.7EB4 2 1.382 2.97 ri.s.
Error (FD) 3.728 8 .46%5

F x H .063 1 .063 17 r.s,
Error (FH) 1.453 4 .3863

D x H . 954 2 . 477 1.55 rn.s.
Error (DH) Z2.468 B . 308

F «x D x H . 140 2 070 21 n.s.
Error (FDH} 2.870 8 .334

- A e m MmO MmO e e o o o w E B oW W W T W W o m ow owm de o w ek o e v e o sk ke MM B MR MW M AR R e R A w o m oam o

#An arc sin transformation (2 x arc s1n X correct respunses)
was applied to the data.

-113-



TARBLE C
3

Dextral Group: fRnalysis of var:ance comparing the recognition
datas for the ri1ght eye viewing of words and Landolt Cs.#

Source €S df ms F p

Field (F) 9.254 1 8.254 15.79 p<.025
Error (F) 1.870 4 . 468

Duration (I 6.977 2 3.489 6.44 p<.02%
Error (D) 4,332 g 541

Hand (H) . 784 1 . 704 .88 n.s
Error (H) 3.540 4 . 884

F x D .36 P4 L1681 .42 r.s.
Error (FD) J.4€3 g8 .433

F ox H . 084 1 084 .57 n.s
Error (FH) .854 4 . 163

D x H .258 2 13C 1.10 n.s,
Error (DH) 980 8 118

F «x D x H . 908 2 454 2.08 n.s
Error (FDH) 1,739 8 217

- Eam am M e W W W M M L M M A e e e E o m E R m m e o o M M M E A o m w T T R R W Em e e e e o e w w Em am

#An arc sin transformation
was applied to the data.

(2 x arc s1n Y. corract responses)
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TABLE C
7

Sinistral Group:!: PARnalysis of variance comparing the recognition
data for the left eyve viewing of words and Landolt Cs. %

Source SS df ms F <

Field (F) . 025 1 . 015 .30 n.s.
Error (F) 2.411 P 1.2086

Duration (D) 3.008 2 1.504 4,12 Nn.s. .
Error (D) 1.480 4 . 365

Hanmd (H) .03C 1 . 030 .08 r.s.
Error (H) . 775 2 . 388

F =« D . 395 2 197 1,79 ri.s.
Errer (FD) . 451 ] 113

F x H . 004 1. . 004 01 n.s.
Error (FH) .B851 P4 . 425

D x H .EB04 2 .302 1.62 n.s.
Error (DHD . 743 4 . 166

F x D x H 1.118 2 .558 77 n.s.
Error (FDH) 2.909 4 727

e w ar e o A M M ML e M e e vk B W W MR MR B M M M M M M A M M e e = M = W T oW W OEE W O W OER O = — o om A

®Ar arc s:n transfec-maticn (2 x arc sin \ % correct responses)
was applied to the data,
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TARABLE C
e

Stnistra! Group: Rralysis of variance comparing thi recognition
data for the right eye viewing of words and Landolt Cs.»

Source sS df ms F )

Field (F) . 892 1 .832 .18 n.s.
Error (F) 10,183 2 5.082

Duratiyon (D) 1.387 2 .B598 .74 n.s.
Error (D) 3.798 4 .949

Hand (H? 123 1 123 .E3 n.s
Error (H) . 3686 P » 193

F = D . 354 2 L1777 1.15 ri.s.
Erroe (FD) .614 4 . 154

F x H . 000 1 . 000 .00 n.s.
Error (FH) L3307 2 L1583

D x H .562 P4 281 1.47 Nn. s,
Error (DH) . 7E2 4 190

F x D x H . 145 2 073 21 n.s.,
Error (FDH) 1,380 4 . 345

o EER R E M MR M R ey e T B R B M L M R MR e o W W W W M MR M R MR M L L e e e W W W W W MR AR M M M ek e o o E

*An arc sin transformatiaon (2 x arc sin V /. correct resptrnses)
was applied to the data.
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TRBLE C
9

Dextral Grecup: HArnalysis of wvariance comparing the ;ecngn1t1on
data for the 1eft eye viewing of words and Landolt Cs.¥

Source €S df ms F p

Freld (F) 224.267 1 224,267 23.06 p<.01
Error (F) 38.899 4 8,725

Duration (D) 66.633 2 b b e 7,98 F.s, -
Error (DD 134,533 B 16.817

Hand (H) 067 1 . 087 .13 .S,
Error (H) 2.100 4 .5285

F = D 29.233 2 14,617 .83 f.s,
Error (FDD BE0.600 8 7.578

F = H 2.400 1 2,400 4 n.s.
Errer (FH) 23.433 4 $.856

D « H 7.4332 2 3.717 .63 n.s.
Error (DH) 47,398 8 5.925

F x D x H 1.800 2 .9%0 .20 n.s,
Error (FDH? 38.264 8 4.783

A M M o e S e e e M M e o ke e o W B W e o TR W oW T T T W W R A W W M W O W M W W oW W M M oM M W M MmN OE oo — & oa

%[ arc si1n transformation was not appl!ied to the data,
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TRBLE C
10

Dextral Group: HAnelysi1s of variance comparing the }eccgnittan
data for the right eye viewitng of words and Landolt Cs.¥%

Source €S df ms F p

Field (F) 114,817 1 114,817 15.43 p<.025
Error (F) 29.7686 4 7.442

Duration (D) 85.033 2 42.517 4,87 p<.08
Error (D) BB.4E7 ] B.3558

Hand (H) 10,417 1 10.417 .92 f.s.
Error (H) 45.500 4 11.37S

F « D 7.233 < 3.617 1.16 Fi.S
Error (FD) 24,933 8 3.11°7

F x H ,817 1 .817 .44 n.s.
Error (FH) 7.433 4 1.B58

D x H 1.823 2 .B817 .50 rivs,
Error (DH) 13.189 8 1.65%50

F x D =« H 4.233 2 <.117 .B? n.s,
Error {(FDH) 25.285 8 3.1S8

- e M e oW W W T W W O S N M W M M e e e e E M R M W M M M M M MmO i o e % oW oW o om oo W

*Rn arc s$1n transformation was not applrec to the data,
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TABLE C
11

Sinistral Group: HAna’'veis of variarce compar ing the recognition
data for the ieft eye viewing of words and Landolt Cs.#

Source £S df ms F P

Field (F) 20.250 1 20.250 1.41 n.s.
Error (F) 2B.367 2 14,333

Duration (D) 2B.056 2 13.6Z8 3.213 n.s.
Error (D) 16.111 4 4,028

Hand (H) .694 1 .634 .20 n.s.
Error (H) 6.8689 < J.444

F x D 7.167 2 3.563 1.23 rn.s.
Error (FD) 11.6867 4 2.917

F x H . 250 1 .250 . OB n.s.
Error (FH) 8.B6E7? 2 4.333

D <« H 5.056 2 2.528 1,11 r.s.
Error (DM 9,111 4 2.278

F x D x M 9.500 2 4,750 .70 rn.s.
Error (FDH) 27.333 4 6.633

W m m A e o T W W W W W W R A w om M B S e o ow W B E e B o W R M W M M R e e e o m A A e o o E m w w m m wm m

¥HAn arc syn transformation was not applied tec the datva.
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TABLE C
12

€in'stral Groug: Pnalysis of variance compar ing the recognition
data for the rignt eve viewing of words and Landolt Cs.#%

Source ss df ms F o]

Field (F) 16.000 1 16.000 .33 n.s.
Error (F) 898.000 2 43.000

Duration (I B.167 Z 4,083 40 r.s.
Error (D) 40,667 4 10.167

Hand (#) 1.778 1 1.778 1,23 r.s.
Error (H) 2.888 2 1.444

F x D 3167 2 1.583 . 7B r.s.
Error (FD) 8.333 4 2.0E3

F x H .444 1. .644 31 n.s.
Error (FH) 2.BES P 1.444

D x H 2.722 z 1.361 .45 n.s.
Errar (DH) 12,111 4 3.028

F = D x H 1.722 2 .661 .28 r.s.
Error (FDHD 12.444 4 3.111

A e wr wr wm E E o o e L AL g MR R MR L A e L MR S e e e e e = = e M T W o W W W T W Em m oA o oam om A

*An arc sin transformation was nct applied to the oata.



TRBLE C
13

Cextral Group: Analysis of variance comparing the RT data
for the left eve viewing of words and Landolt Cs,

Source SS af ms F p

Field (F) 4494 .398 1 4494 ,398 3.09 n.s.
Error (F) 5820.289 4 1455.072

Duration (D) 384.400 1 384.400 82 n.s,
Error (D) 1877.288 4 4€9.322

Hand (H) £€08.400 1 E0B.400 .30 n.s.
Errar (H) 4E30, 265 4 1207.571

F x D £c00. 088 1 £200,098 B.13 p<.0S
Error (FD2 3049.961 4 ?762.490

F = A 84 .100 A B84.100 .03 n.s,
Error (FH) t0583.020 4 2645 .,756

D xH 16.900 1 16.900 .02 n.s.
Error (DH) 4049.158 4 1012.290

F «x D x H 115.597 1 115,987 .10 n.s,
Error (FDHD 47B81,090 4 1185,272

- m o e e o e W W R R A R A e o o T o T M M M M e ey sk v A T M O R W M R M M R A o e om W R o ow W o
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TABLE C
14

Dextra! Group: Ffnalysis of variance comparing the RT data
for the right eyve wviewing of words and Landolt Cs.

Source 85 df ms F p

Fteld (F) B8410,500 1 B410.00C 27.98 p<. 01
Error (F) 1203.188 4 300.787

Duratien (D) 240,100 1 240.100 1.30 n.s.
Error (D) 736,829 4 184,131

Hamd (H) 828,100 1 828. 100 .37 n.s.
Error (H) 9062.523 4 22B5.831

F x D $7?.589 1 57.558 .04 n.s.
Error (FD) 601,020 4 1400.255

F ox H 1040, 400 1 1040. 400 .45 n.s.
Error (FH) 9192,223 4 2298.056

D ox H 1222.500 1 1322.500 .59 n.s.
Error (DH) BS?3.604 4 2243,421

F x D x H 102,398 1 102,396 .35 n.s.
Error (FDH) 1156.418 4 289.10%

- m o E E S 4 R E R e oW oW oW o W R W OW M W W oW M M E EOR M MR MM M MmO MM E e om EE MR E o oo o
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TABLE C
k]

Simistral Group: Pnalysis of variance comparing the FT data
for the left eye viewing of words and Landclt Cs.

Source =] df ms F P

Field (F) 7857.038 1 ?7957.038 .73 n.s.
Error (F) 21806.070 - 10803.040

Duratyon (DD £30.375 1 630,375 .85 n.s,
Error (D) 1490.250 2 ?745.12%

Hand (H) 210,042 1 210.042 .78 n.,s.
Error (M) $40.587 Z 2?C. 234

F « [ 2188.C43 1 218%S.043 1.40 n.s.
Error (FD) 3128.0CB2 2 1584.041

F < H SE12,042 1 S612.043 4,37 Nn.s.
Error (FH) {S70.074 2 1285.037

D xH 21C.042 1 210,042 .16 n.s.
Error (DH) £282.570 2 1141.2E5

F x D x H <BBZ.040 1 2882.040 .B7? n.s,
Error (FDH) ESE54.969 2 4282.464

M e e e e o W e R M B ML A e e e e e W R W M W B A M M M M M ok M MR M ML ey o e v W W R B B W M B W MR — — A oo
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Sirrstral Greoup: Analysis cf wvariance compar ing the RT data
for the right eye viewing of words and Landolt Cs.

Source -1] df ms F p

Fietd (F) €370.039 1 6370.038 .98 n.s.
Errar (F) 12020.0860 2 6510.031

Duratian (D) 2420,042 1 2420.042 .25 n.s:
Error (DD 122305.040 2 9554 ,52¢C

Hand (M) 10BO.C42 1 1080.042 .30 n.s,
Error (H) ?221.074 2 3610.537

F = D 2380.044 1 23B0.044 8.75 n.s.
Error (FD) S44.010 2 272.0CS

F x H 92.044 -1 82.044 .05 n.s.
Error (FH) 3580.879 Z 1790.490

D x H 1717.042 1 1717.042 .32 n.s.
Error (DH) 10818.,000 p S408.8386

F x 0O x H 287.033 1 2B7.033 . 2B Nn.s,
Error (FDHD 20?7.100 2 1036.530

e e e e e e e o o E B N M ML A i g W o W W W W W M R M M M O M M E M M M ke ey o o W W B W T W OB W M A o o o w w
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TRBLE C
17

Dextral Group:!: Fralysis of vartance evaluating the’recagni-
tion data over the intermediate and longest exposure dura-
tions for the left eye viewing of Landolt Cs,

Source =1} df ms F =}
Field (F) .310 1 310 4.28 n.s.
Error (F) .2990 4 .C?3
Duration (0D 3.180 1 3.1S0 £9.%4 p(.di
Error (D) .e14 4 . 054
Hanrng (H) . 080 1 .C90 1.45 n.s.
Error (M) . 248 3 . 082
F = D . 338 1 » 336 4,186 n.s.
Error (FD) . 325 4 . op™
Fox H . 055 1 L 058 .79 n.s.
Error (FH) .279 4 .Q70
D < M L0186 1 .01 .32 n.s.
Errcr (DH) . 208 4 . 0%
F = 0D x H . 000 1 , 000 .02 Nn.s.
Error (FDH) 104 4 , 028
Notes
--;?- The recogrition data were evaluateo using 8 2 x 2 x 2
analys:is of variance, with all three factors repeated
on Os.

L ]

The deperdent variable was per cemt correct recogriition.

3. PAn arc si1n transfarmation (2 x arc sin 7% correct responses)
was appliied to the data.
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Dextral Group:

tion data over the intermediate and
tions for the leftr eye viewing of words,

TABLE C
18

Arnalysis of vartance evaluating the'recngn1-
lengest exposure dura-

x 2

-

Source €S d+ ms F

Field (F) 8,348 1 9,349 47.95
Error (F) . 780 4 . 195

Duration (D 3.5882 1 3.592 44.19
Error (D) L3325 4 . 0Bt

Hand (H) . 000 1 . 000 el
Error (H) .154 4 . 038

F x D .315 1 » 315 .80
Error (FDJ 1.584 4 . 398

Fox H . 008 K . 008 12
Error (FH) 277 4 . OBS

L x H 132 1 . 132 1.43
Error (DH) . 369 4 .082

F =D » H 000 1 000 .00
Error (FDHD 528 4 L1

Notes

-—;T- The recognition cats were evaluated using a 2 x

aratysi1s of variance, with all three factors repeated
on Os,
2. The dependert variable was per cent correct recogriition,
3. FAn arc sin transformaticn

was applied to the data,

-126-
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TABLE C
18

Yextral Group:! FRnalysis cf variance evaluating the'recogn1-
tiocn data over the intermediate and !crgest exposure aura-
tions for the right eye viewing of Landaolt Cs.

Source ss df ms F P
Field (F) . 004 1 9.004 .0 n.s,
Error (F) 1,064 4 . 266
Duration (D) 3.610 1 3.610 S1.E1 p(.61
Error (D) .280 4 .070
Hand (H) .C15 1 L0185 .23 n.s,
Error (H) .261 9 . 065
F x D .C20 ) . 000 .00 n.s.
Error (FD) . 308 4 .07B
Fox M . 008 R . 009 .48 n.s.
Error (FH2 . 08B0 4 020
D« H . 001 1 .C01 . 01 Nn.s.
Error (DH) . 259 4 065
F « D x H . 200 1 200 2.08 n.s.
Error (FD-. . 385 4 .086
Notes
--:?- The recogrnition data were evaluated using a 2 x 2 x 2
analysis of variance, with all three factors repeated
on Cs.

2. The dependent variable was per cent correct recognition.

3. An arc sin transformation (2 x arc sin N % correct responses)
was applied to the data.
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TRBLE C
20

Dextral Group: FAnalysis of variance evaluating the're:ogn1-
tion duta over the i1ntermediate and longest exposure dura-
ticns for the rignt eye viewing of words.

Source =15 df ms F p
Firele (F) 1,726 1 1.7286 6.13 n.s.
Error (F) 1.126 4 . 282
Duratienm (D) 3,186 1 2.188 27.71 p(.b1
Error (D v 460 4 118
Hang (H) .0BS 1 . 0BS 1.34 n.s.
Error (H) .253 4 063
F x D . 082 1 . 0392 1,38 n.s.
Error (FD) .270 4 . 067
F x H . 003 R . 008 .09 n.s.
Error (FH) L 401 4 .100
D x H . 246 1 . 248 13.14 p<.OS
Error (DH) . 075 4 .018
F «x O x H . 128 1 .128 15.82 p<.0%
Error (FDM) 032 4 . 008
Nctes
-—;:- The recognition data were evaluated using a x 2 x 2
analysts of variance, with all three factors repeated
en Js,
2, The dependent wvariable was per cent correct reccgrnitian,
3, FAn arc sin transformation (2 x arc si1n %X correct responses)

was applied to the data,
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TABLE €
21

Simistral Group! Anslysis of vartance evaluating the recogni-
tion gata over the 1ntermediate and lorngest exposure durations
for the teft eye viewing of Landolt Cs,

Scurce SS af ms F p
Field (F) . 5382 1 .552 6.5 NnN.s.
Error (F) 160 2 . 080

Duration (D) .917 1 .B17 10.08 n.s;
Error (D) . 162 2 081

Hand (HJ L0117 1 017 22 n.s.
Error (H) . 160 P .080

F x D . 000 1 .C00 . 01 n.s.
Error (FD) . 043 Z 022

F o« H . 003 R . 003 .26 n.s.
Error (FH) . 021 2 010

D x K .Q080 1 .0BO .S? n.s
Error (DH) .81 2 140

F o< D x KM CE3 1 .053 1,58 n.s.
Error (FDOH) 0B8 2 .024

Notes

-

The recogrttion data were evaluated using a 2 x 2 x 2
with al! three factors repeated

analysis cf wvariance,

on Os.

The dependent variable was per cent correct reccgniticn.

Arn arc sin transformation

was appiled to the data.
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TRBLE C
22

Sinistral Group! FRralysis of variance svaluating the recagnit -
ticn data over the 1ntermediate and longest exposure durations
for the left eye viewing of words,

Source SS d+¥ ms F p
Field (F) , 007 1 . 007 .05 n.s.
Error (F2 . 245 P4 122
Duration (D) 3. 142 : 3.142 55,23 p<.02S
Error (D) . 113 2 . 057
Hand (H) . 0086 1 . 006 W22 n.s.
Ereror (H) . 0351 2 ., 026
F =D . 008 1 . 006 V27 n.s.
Error (FL) . 047 2 023
Fox H . 001 1 L1 .02 n.s.
Error (FH) .23 2 082
D x H . 020 i . 020 4,45 n.s.
Error (DHD . 009 2 . 005
F x O x H . 107 1 107 1,01 n.s.
Error (FDH) 212 2 . 106
Notes
-';?- The reccgnition data were evaluated using a 2 x 2 x 2
analysi1s of variance, with alil three factors repeated
on (Os.

2. The dependent variable was per cent correct recogrnit:on,

An arc s'n transformation (2 x arc sinJ X correct responses)
was applied to the data.

L
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TRBLE €

23

ti1on data ocver 1he 'ntermecdate and
for the right eye viewing of Landolt Cs.

Source SS df ms F p
Fireld (F) . 986 ! . 596 .50 n.s.
Error (F) 3.961 2 1.9€1

Duration (D) 1.788 1 1.7EB 11.889 n.s;
Error (D) . 301 2 . 150
Hard (H) 002 i .002 , Oa n.s.
Error (H) . 101 2 0SS0
F x D .Q33 1 . 033 15,867 n.s.
Error (FD) . 004 Z co2
Fox - . 002 1 .ce2 .28 n.s.
Error (FH) .013 4 .COY

0D« M L07?? 1 cv? .SE n.s,
Error (DH) .281 2 .14C
F = 0O x H .017 1 017 .30 n.s
Error (F2H) 118 2 .0%99

Notes

--;:- The reccgnition data were evaliated using a 2 x 2 x 2

anaivs1s of variance, with all three factors repeated
on COs.
2. The deperndert variable was per cert correct reczognition.

3. Rn arc st transformatiaon

was applied to the data.
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TRABLE C
24

Simistral Greup: ARnalysts of vartance evaluating the recogni-
tion data over the intermediate and longest exposure durations
for the right eye viewing of words.

Source SS af ms F P

Field (F) . 980 1 . S80 .76 n.s.
Error (F) 2.562 2 1.281

Duration (L) 2.519 1 2.518 39.12 p(.éZS
Error (D) .12¢8 2 .064

Hano (H) .CN 1 . 001 .02 n.s,
Error (H) . OBE 2 .043

F x D . 080 1 . 080 .28 n.s.
Error (FDD 571 F4 .28%

Fox H . 007 E . 007 .27 n.s.
Error (FH) . 050 2 . 025

D = H .C10 1 Q10 .14 n.s.
Error (OK) . t4g 2 973

F = D x H .23 1 . 023 1.19 n,s.
Error (FDH) . 039 2 020

Notes

--;:- The reccgrniticn daty were evaluated using a8 2 x 2 x 2

analystis of varjance, with all three faciors repeated
on Os.
2. The dependent variable was per cen: correct recognition.
3. HAr arc sin transformation (2 x arc siny . correct responNses)

was applied to the data,
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TABLE C
25

Dextral Group: HAnalysis of variance evaluating the RT data
over the intermediate and longest expesure durations for the
left esye viewing of Landolt Cs,

Source gs df ms F 4]
Field (F) B037.223 1 8037.223 9.40 p<.05
Erraor (F) 3421.080 4 855.273
Durat:ion (D) JEZ9.025 1 3629.028 10.18 p(.bS
Erreor (DD 1426.318 4 356,560
Hand {(H) 207,025 t 207.025 .19 n.s.
Error (H)} 4311.,801 4 1077.950
F = D 188.028 1 156.026 .37 n.s
Error (FDD 2147.300 4 536,825
Fox H 70.225 1 20,225 .08 n.s
Error (FH) 3554.6189 4 BBB.BES
D« H 105,625 1 105.62S .22 n.s.
Error (DH) 1942.215 4 485,554
F = D x H 366.023 1 366.023 .69 r.s
Error (FDH)} 2121.8232 4 530.458
Notes
-‘;?- The RT data was evaluated using 2 x 2 x 2 analysis of
variance, with al! three factors repeated
en Os.

The dependent variable was meanrn RT.

ra
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TRABLE C
26

Dextrai Group: PRnalysis of varrance evaluating the RT data
over the 1ntermediate and longest exposure durations 4or the
left eye viewing of words,

Scurce ss df ms F p
Field (F) 23571.020 1 23571.020 11.91 p<.C5
Error (F) ?518,039 4 19v9.510
Duration (D2 5978.023 1 5978.023 3.88 p(.65
Errar (D) 6155.5289 4 1538.68865
Hanmd (H) 1836.025 1 1B836.025 4.07 n.s.
Error (H) 1806,534 4 451,634
F « D 8z211.227? 9211.,2Z27 8.67 p<.0S
Error (FD) 4250.338 1082.5¢64
F =« H 11£5.624 1155.€E24 6.17 n.s.
Error (FH) 748,937 187.234
D x H 1550.026 1550.026 1.081 Nn.s
Error (DH) 3418,085 B54,%524
F x D x H 616,198 5t6.198 1.85 Nn.s
Error (FOHD 1331.550 4 332.888
HNctes
--;:- The RT data was evaluated using 2 x & x 2 analysis of
variance, with all three factors regeated
on Os.
2. The depencent variable was mean RT.
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TRABLE C

27
Dextral Group: Fnalysis of variance evaluating the RT dats
cver tne 1ntermec¢-ate and longest exposure durations for the

right sye viewing of Landolt Cs.

Sour:e S5 df ms F p

Field (F? 86.100 1 96.100 .04 Mne.s.
Error (F) 10489.836 4 2624 .857

Curation (D) BE43.598 1 BB43.5498 7.54 n.s,
Error (D) 4508€.832 q 1146.708

Hand (H) 14,400 1 14,4090 . Ot Nn.s.
Error (H) C005.<€9 4 1251. 366

F =« D 184,658 1 184,898 .42 n.s.
Error (FD) 1?79.984 4 444,996

F x H ©40.900 1 940.900 . 8E n.s.
Error (FH) 4271.543 4 1087 ,8E0

D x H 22.401 1 32,401 .C3 n.s
Error (DH) 45£31.5842 4 1132.88¢€

F = D x H 10RB. 801 1 10B.901 .27 Nn.s,
Error (FDH) 15995.466 4 2%89.867

Notes

--;:. The RT data was evaluated using 2 x 2 x 2 analysis of

vartance, with all thres factors repsated
en Os.
2. The dependent vartable was mean RT.
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TABLE C
2e

Dextral Group: FAnalysis of variance evaluating the RT data
over the fntermecdiate ama longest exposure curations for the
right eye viewing of words,

Source SS df ms F P

Field (F) 6708.0898 1 &708.088 1.90 n.s
Error (F) 14136.,150 4 3534.038

Duration (D)  11784.800 ' 11784.900 16.089 p<.025
Error (D) 2524.3852 4 731,088

Hand (H) 877.800 1 577.600 .21 n.s.
Error (H) 109%3.850 4 2738,412

F x« D 4380.004 1 420.004 1.25 n.s.
Errar (FDJ 1564.,121 9 391.0D30

F x H 2.508 1 2.508 .01 n.s.
Error (FH) 1342.623 4 335.658

D xH 1716.088 1 1716.038 1.52 n.s.
Error (DMH) 4529.8B88 4 1132.225%5

F x D x H 408,596 1 40C9.596 67 n.s
Error (FDH) 2451.,463 4 612.8€7

Notes

--;:- The RT data was esvaluated using 2 x 2 x 2 analysis of

variance, with all three factors repeated
on Os.

2. The dependent wvariabie was mean RT.
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TRBLE C
28

Group: Analysis of variance evaluating tHe RT data
intermediate and longest exposure duretions for the

Sinistratl
over the

left eye viewing of Landolt Cs,

Source 85 df ms F p

Field (F) 1633.500 1 1632.500 7.070 n.s.
Error (F) 462,250 2 231.125%

Durationm (D) 18380.160 1 19380.160 25.54 p<.0S
Error (D) 1517.570 2 ?56.785

Hand (H) 308.167 1 308.167 .84 n.s
Error (H) S3E.0B8 2 26B8.034

F x D 266.668 1 2BE.668 . 01 n.s.
Error (FD) 638.551 2 318.27S

F x H 16.6867 1 16.667 .01 n.s
Error (FH) 23983.09% 2 1196.547

D x H $4,001 1 54,001 .34 n.s
Error (DH) 316,702 2 158,351

F x D x H 60.165 1 50.16S .21 n.s
Error (FDH) 83,1386 2 291.569

Notes

The RT data was evajuated using 2 x 2 x 2 analysis of

variance,

on Os.

with all

The dependent variable was mean R7T.

=137~
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TRBLE C
30

Sinistral Group: Rnalysis of variance evaluating the RT data
over the 1ntermediate and longest exposure durations for the
left eve viewing of words,

Source SS df ms F p
Field (F) 2320.6867 1 2320.667 .29 n.s.
Error (F) 16062.570 2 8031.281

Duration (D)  2?7202.660 v 27202.660 896.22 p<. 01
Error (D) £0.570 2 30,285

Hand (H) 167 1 167 .00 n.s.
Error (H) S03.078 2 251.8540

F x D SE€2.6€68 1 SeZ2.668 .80 n.s.
Error (FD) 249410.551 2 1205.275

Fox H 1380.1€7 1 1380.167 1.64 n.s.
Error (FH) 1660C.084 2 B40.047

D = H 433.501 1 433.501 .23 n.s.
Error (OHD JB44.733 2 18922.36E

F x D x H JB01.4€6 1 3801.49B 1.5% n.s.
Error (FOH) 4£35.566 2 2317.783

Notes

—-;:— The RT data was evaluated using 2 x 2 x 2 analysis of

variance, wtth all three factors repeated
on Cs.
2. The dependermt variacle was mean RT,
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TRBLE C
I

€ini1stral Group: FAnalysts of variarce evaluzting the RT data
over the 1ntermediate and longest exposure duraziions for the
right eye viewing of Landolt Cs,

Source 5% of ms F p
Fireld (F) 38E2.667 1 3552.687 1.44 n.,s.
Errar (F. $430.074 2 2745.037

Duration (D) 4160.684 1 4160Q.664 2.70 n.s,
Error (D) 307B.0E3 2 1339.031

Hand (H) 1380.187 1 138C, 167 .81 n.s
Error (H) 3389.076 Z 1694.538

F x D 2B60,168 1 288690, 186 1.1 n.s
Error (FD) $164.580 P4 25EZ.295S

Fox H 1535.939 1 1535.988 5.54 n.s.
Errar (FH) 554.210 b 4?7.108S

D x K 1410.6689 1 1410.6€8S 3.1 n.s,
Error (DHD 906.5B7 e 454,294

F « D x H 181,486 1 181.4886 .09 n.,s.
Error (FDH) 3852.774 2 1976.3B7

Notes

--;:- The RT data was evaliuated using 2 x 2 x 2 analysis of

variance, with all three factors repsated
on Os.
2. The dependent variable was mean RT.

-139-



TRBLE C
32

Sinistral Greoup! FAmalysis of variance evaluating the RT data
over trne 1nte-mecdtate and lcngest exposure durations for the
right eye viewing of words,

Source =15 df ms F R
Field (F) 273.375 1 273.37% .06 n.s.
Error (F3 8669.234 2 4334 . E17

Duratton (D) 234,375 1 234,375 .05 n.s.
Error (D) B464,719 < 4232 ,35%

Hand (M) 1.042 3 1.042 . O1 n.s.
Error (H) 173,052 2 86,528

F x D 18.375 1 18,375 . O1 n.s.
Error (FD) €320.188 2 31606.0594

F ox H 3577.042 1 3577.,062 1,49 n.s.
Error (FHD 4791.516 2 2355,7%8

D xH 1335.042 1 1335.042 .49 n.,s.
Error (OHD) S494.094 2 2747.,047

F «x D x H 26.038B 1 26.038 .02 n.s.
Error (FDH) 2423,.638 2 1211.8189

Notes

1. The RT data was evaluated using 2 x 2 x 2 analysis of
variance, with all threa factors repasated
on Cs.

2. The uvependent variable was mean RT.
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TABLE C
33

Individual Bata: Jalf-ficld (RVF - L¥V¥) per ceoat corrcct recopnition differen os (D) and thelr significance evaluated over the
the intermediaste and lonpest exposure durations for the leFt (0S) and ripght (i) ecye viewinp of words (W) and Landolc Cs (1},

R et e T et R R LS PP L P TP A e e
——————————— WORDS === === nmom - mmmm e[ ANDNLT CErmmmme——mm === === —=HORS - = em e =P ANDOLT C§5—-———-~a
0 RVF LVF BH z PYF LVF DI z RVF i.YF nw z RVF LVF nl z
NEXTRAL s
ch 9.1 46.7 46.7 5,574k 78.1 1. 10.0 1.2) 78.13 63.3 15.0 1.81 80.0 6l.7 18.1  2.21*
H™ a3.1 26.7 56.7 6. 24%0s Fi.3 71.3 10.0 .32 6.7 SR.3 8.3 .56 58.3 .7 -13.1 -1.%)
WG R&.7 46.7 40.0 4 _GhAEA 81.3 7.7 1.7 l.54 88.3 55.N 13,1 4, D7k 80.0 il A.3 1.07
TY 8.0 40.0 40.0 U YALL B0.0 63.1 16.7 2,03 60.0 51.7 -1.7 -.19 60.0 8.7 =21.7 =2, R3%x
BRK i6.7 55.0 21.1 2.51* 66.7 .7 -5.0 -.59 95.0 65.0 30.0 Gl 1kkk 732 70.0 3.3 LAl
STRISTRAL Os
T5 73} 76.7 =3.2 =42 65.0 78.3  -13.3 -1.62 Bi.3 70.0 13.3  1.74 86.7 80.0 6.7 .97
HM ) 13.3 18.1 -5.0 -.64 76.7 80.0 -}.] -. 44 71.7 8l1.7 -10.0 -1.30 85.0 BO.0 5.0 |
RC 81.7 63.1 12.3 1.69 6h.7 86.1 -20.0 -2.6044 f1.] B3.3 -20.0 -2.47* 35.0 %8.13 ~63. ) =T, IR em
*n Z .05
L AN )]
w001
Notes

1.” The following formula was used to evaluate the statistical significance of half-field differences in per cent correct recognition
(Bruning & Kintz, 1977):

P2 - P
e oo
{p-p) +pU-p)
n 1]

where: P_=per cent correct recognition of stimuli (words or Landolt Ca} presented in the RVF
Pi?per cent correct recoguition of stimuli {words or landolt Cs) presented {n the LVF
n-the number (G0} of positive mtimuli presented at the intermedlate and lengest exposure
dur:tivns #n ench test segsion

p=(P} + F3)/2
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Individual Data:

HalF-field (RVF = 1¥F) differrences (M) Lo mean RT

TABLE C

L1

and lonpest exposure duratfons lor the left {08) and tlght (M) cye viewing of wvords (W) and lLandolt Cs (1.

(3o msee.) and thele algnificance evaluated over the intermediate

e e e 08— —mm o e e mm e mmmen | —emmmn o mm e e o e e Ol e mr e e e mme
DURA. "mmmmmme WORDS ~————msmem o= memmeemms = LANDOLT C8--smmmmmo=  emmmm—mmane WORDS==nmm—mamnmme  cmmm—sacen LANDOLT Cg--=-=mmmmm
Q TION RVE LVF DU t 2 RVYF LVF nl 4 Z RVF 1NF DH t z RVF LVF nl t z
DEXTRAL Os
1 550 589 -39 -1.37 493 S50 -51  -2.6744 574 606 -32  -.86 560 590 -0  -.77
- * - - P -1.
T, 413 605 -72 3250 R ps 53 st 2.sie TP ion cas _gr —3asees 33 g o6 n ge M
) - — ———— - - A
o 2 62 3 pgass W12 6B -1 47 eo 657 626 M .65 [P L TR L W SN
3 S22 730 -138  -3_86aea 44B 4BA -40  ~1.79 626 607 19 63 466 426 40 2.21%
w2529 SEA -5 -3S 0  as2 443 09 S Y STY -4 2T Ll 65 B0 -1 -6l
3 46 505 <42 -1.64 401 418 -17  -.A9 406 466 60 -3, 50k# 407 4N -4k -2 B
gy D595 660 =65 <4l Lo 26 LRB -6k -2.976% oo 562 522 20 .52 4y 520 663 T Lse
3 555 656 —101  -2.67% 436 459 <23 -1.10 520 518 02 .07 507 476 31 1.00
w2 669 83 2 86 Lo SVOSW0 03 A5 o 685 240 555 <209 o 537 543 =06 .25 ),
1 582 617 -35  -1.36 486 521 =35  -1.94 668 700 -32  -1.19 507 529 -22 -1.73
SINISTRAL Os
2 850 650 00 .00 540 506 36 1.16 692 631 -39  -1.40 501 520 -19  -.81
3 sa2 59 <15 -.58 90 um2 4me 02 .12 Te 63 676 -8 <1032 V% 46w 465 -o1  -.08 %
2 6% 593 43 1.13 536 535 0l .03 610 525 85  2.38% 523 ol 22 7
&
3 568 530 38 1.69 V0 L6y us1t a2 71 52 g4 538 08 e Y9 49 ue2 17 1o L%
7 596 721 -125  -2.29% 600 S7T1 29 87 600 666 «66 -1.58 Ss4 552 02 0
RC 3 567 612 -45 -1.5) “2.70** g9 saa  gp .01 1.3} 596 sR7 09 25 =-9%  g1@ 495 122 3.66  2.01%%
p <.05
LAl TR 1] ~
wasp 2001
Notes

1.

The fellowing formila was used to rvaluate the statistical significance of half-ficld diffrrences 1n mean RT (Winer, 1962):

where:

k

= the number of t-values summed

RATE
Je

tj = the sum of the t-valui-s that eobtained at the intermed{ate and lenge=t exposure durations
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