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Abstract
FORM ANO NUMBER PROCESSING OF DOT PATTERNS
IN THE DIVIDED VISUAL FIELDS:
DIFFERENTIAL EFFECTS ON RESPONSE LATENCY, ACCURACY,
AND CONF IDENCE RATINGS.
by
Michael J. Mikitish
Advisor: Or. Mitchell L. Kietzman
Visual processing was studied in a same-different

discrimination task that used identical stimuli to test the
effectz of three distinct procedural tasks: (1) discrimination
baszed on the number of dots (a blocKed presentation condition):
(2) discrimination based on the form produced by the dots (a
blocked presentation condition?; and (3) discrimination based on
either the number or the form of the dots (a mixed presentation
condition in which the subject could use both number and formJ.
The stimuli were dot patterns consisting of 4, S, or 6 dots. The
dotsz uere arranged to form one of four geometric figures and were
tachistoscopically presented randomly and sequentially in pairs.
The first pattern of the pair was presented to the central visual
field and the second pattern to either the right or left visual
field. The subject manually responded same or different to the
pair of stimuli based on the number of dots and. or the geometric
dot form. The subjects also indicated verbally the number
ands/ocr form of the dots in the second pattern and provided a
confidence rating on the subjective accuracy of their verbal

response. LCependent variables were manhual accuracy and latency.,
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verbal report accuracy, and confidence ratings.

The results shouwed that form processing was faster and more
accurate than number processing in both the blocked and mixed
presentations. Houwever, the differences betuween number and form
processing uwere found to depend upon the number of dots in the
second pattern of a pair. Significant differences between number
and form processing were only obtained when the number of dots in
the second pattern was five or six. In addition, the results
revealed that irrelevant information can interfere with the
processing of relevant information. For example, the
nonequivalent-numbered pairs were associated with lower manual
accuracy in the blocked form task, and the nonequivalent-form
pairs were associated with lower manual and verbal accuracy in
the blocked number task. Finally, the results demonstrated that
hemispheric differences in visual processing depend not only on
the stimulus characteristics but also on the task demands given
to the subject. For example, in both the blocked number and the
mixed form and humber tasks, a shift in visual field advantage
from left to right for both manual and verbal accuracy uwas found
as the number of dots in the second pattern increased from four
to six. On the other hand, in the blocked form task, a shift in
visual field advantage from right to left was noted as the number
of dots in the second pattern increased from four to six. Of the
dependent variables tested, verbsal report accuracy was the one

that was most sensitive to hemispheric differences.
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CHAPTER 1
INTRODUCTION

General Introduction

Three models have been postulated to account for the order
in which a visual stimulus with multiple features is processed.
These arei first, the "bottom-up"” sequence (Hubel & Weisel,
1968; liard & Wexler, 197687 Selfridge, 1958)>; second, the “top-
dowrn " sequence (Lockhead & King, 18777 Navon, 1877, 1981;
Pamerantz, Sager, & Stoever, 1877); and third, the "middle-out*
cequence, in which processing of features is initiated at scome
sart of intermediate level first, followed by processing of both
progressively higher and louwer levels (Kinchla & Wolfe, 1873;
Prinzmetal, 1981). (Each of these models is described in more
detail beginning onh page B>.

One way in which the three types of ordered processing have
teen studied is through the manipulation of task demands with a
single set of stimuli. For example, many studies (Kinchla &
Welfe, 18782 Martin, 18777 Navon, 1977) have used the Stroop-
type letter stimulus (Figure 1). This stimulus consists of a
large letter made up of smaller letters that is presented to the
subject to which he must identify the large letter (global
processing task) or the =small letters (local processing task)>.
In general, the large letter is identified faster and more
accurately than the small letters, suggesting that there is a
"top-down” order to visual processing.

Several experiments (Alivisatos & Wilding, 1982; Boer &
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Figure 1. Stroop-type letter {(Navon, 1977).
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Keuss, 1873; Martin, 19738) have also used the Stroop-type letter
task to investigate hemispheric differences in the order of
visual processing. In general, visual information has been
found to be processed in a "top-doun'" sequence in the left
visual field (LVYF)> and in a "bottom-up® sequence in the right
visual field (RYF>. Lhile the above results are important in
distinquishing the processing advantages of the left and right
hemispheres, they are by no means conclusive for all stimuli.
Letter stimuli represent & finite set of visual patterns that
are owverlearned and appear in high contrast to their visual
surround. It is possible that different results for hemispheric
processing advantages uwWould be obtained if other stimuli were
used.

The first purpose of this thesis was to determine the order
of visual processing using nonlettered stimuli. This was
achieved by presenting a set of nonlettered stimuli under task
demands that foster either global or local processing. The
second purpose of this thesis was to clarify the issue of
cerebral hemispheric differences in visual processing. This uas
achieved by presenting the same nonlettered stimuli to the right
or left visual fields under conditions that varied task demands.

In order to facilitate an understanding of this study and the
findings obtained, the following report was organized so that
the introduction, method, results, and discussion sections are
divided into tuo parts. The first part deals simply with the
issue of the order of visual processing. The second part deals

with the issue of hemispheric differences in visual processing.



The Order of VWisual Processing

Arisztotle stated that the physical uworld consisted of a
hierarch» of form and matter (in this case, constituent parts).
A form was constituted from the forms of the louwer levels (parts)
and in turn, the parts were made up of even louer level parts.
Most of the natural sciences, such as chemistry, biclogy, and
phyveics all take this principle asz a given. Recently, it has
been used tc¢ characterize the visual world (Martindale, 13881).

Figure 2 iz an example ocf a visual scene composed of tuo
hierachial! lewvel:z, Focus particularly on the large form (tha
square) made up of the small dots. In the figure, the dots are
the elements of the large form but they are not the features of
the large form in the sense that the angles between lines forming
the sidez of an ordinary square would be. Features are usually
defined as an attribute or relationship betueen elements that is
useful in distinquishing the form from other forms (Ward, 1882).
An element iz simply a conctituents it may be a feature but need
nhot be. Thus the features of the square created by the four
small dots might be, for example, the equal distance between the
dots located along the horizontal or wvertical axes and the
interzection of the dots ocn the horizontal and vertical axes at
right angles. The above stated features are global features. The
features of the dots themselves include their circular nature and
the ir small size. These are local features. These are, of
cource, relative definitions. For example, the square itself is
an element making up the features on the page.

The global-local distinction. What is meant by the global -




Figure 2. An 8-dot square.



local distinction is rather obhvious in everyday language. The
conhcept of spatial frequency can provide a more formal defintion.
Campbell (1874) suggests that visual forms can be described as a
mixture of different spatial frequencies. A uway of eliminating
high spatial frequenciez it tc defocus the image. For example.,
the image from a projector can be easily defocused. Local or
detailed information contained in the high frequncies is lost,
while grozs, global shapes contained in the low spatial
frequencies are perserved. If the image in Figure 2 uas
praesented defacused by a slide projector on a screen, the
ocbzerver would he able toc make out the overall shape of the
figure (square? but would have difficulty reporting uwhether the
elements forming the square were dots, small square, triangles,
and 30 on. Thuz, the local features, such as the circular nature
cf the dot, would be lost to blurring before global features.

The order of wvisual procezsing. The varicus components of a

pattern are prabably not procesced equally fast. Patterns that
are closer tc the fowvea, familiar, simpler, more distinctive, or
expected are probably recognized more rapidly than others. Speed
or order of pracessing may also be related to hierarchial lewvels
of global and local features. There are at least three
possibilities for such an ordering: (1> a "bottom-up® sequence .,
(2> a "top-down" sequence, and (32 a "middle-out” sequence, in
which processing of features is initiated at some sort of
intermediate level first, followed by processing of both
progressivley higher (global? and lower (local) levels.

The "bottom-up" segquence, Historically, the more common
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view has been the "bottom-up” sequence of processing. According
to this theory, the visual system first extracts components of
the display and subsequently integrates them into an overall
pattern. Thiz view was encourgaged both by similar constructive
algorithmz used in computer pattern recognition programs
(Selfridge, 1852: Ward & lWexler, 18762 and by electrophysio-
lagical! studiez of visual receptive fields (Hubel & lWleisel, 138E3,
1865, 183€2), Houever, the findings fraom visual perceptual
experiments fail to zuppcort this vieupoint. For example,
Weinztein and Harris (1874) and McCelland and Miller (1878) have
demonstrated that a line is more easily recognized when it is
part of & three-dimensional structure than when it is presented
in a less coherent pattern. Moreover, Neisser (139€3> and Jonides
and Gleitman (1372) have shouwn that a subject can locate a target
(letter) more rapidly if it differs in meaning from its
background (digitz). In both cases, the "bottom-up" processing
model is unakle toc account for the effects of context on visual
processing. In addition, the model does not explain adequately
figure-ground separstion, or faster processing of good figures
(Cocoran, 1873>.

The "top-douwn” sequence. Another view of wvisual information

process ing advocates the primacy of information about the ocverall
global pattern or structure. This view is referred to as the "top-
douwn * sequence oy global advantage theory (Lockhead & King, 1877
Lockhead & Monohan. 19777 Palmer, 1977; Prinzmetal & Banks,

1977>. According to this model, visual system processing begins

with & crude analwvwsiz of the whole pattern and progressively



extracts further information about smaller and smaller details of
the pattern. MNavon (18977, 1881) has been the leading proponent
of this wviewpoint. His principle evidence has come from his
reacticn time experiments inveolving stimuli similar to the one
shown in Figure 1. In one condition, subjects were asked to
respond at timezs on the basis aof the large letter (global -
inetructions?, and at other times on the basis of the smaller
constituent letter, (local-insztructicns>. MNavon found that the
csubjects were able to ignore the small letters under the global
instructicnz, but their response latancies uwere influenced by the
large letter under the local instructions. This was most
apparent uher the global form indicated a different response from
the local! ona. Navon has sugsested that the finding of faster
reponses to the global letter compared to the local letter is
conszsiztent with a global to local order of wisual processing.

More recent reseairch has indicated that the global advantage
iz not ubiquitous. Hoffman (18828, Miller (1882 and Pomerantz
and Sager (19752 have shoun both global and local interference
effects (neither level cculd be completely ignored), as if both
levelsz were procezsed at the same speed. For example, in the
Pomerantz and Sager study, subjects were required to sort
patterns into groups based on their global and local form. They
found that neither global or local forms could be ignored, but
that, contrary to MNavon's findings, subjects were better at
ignoring the global farms.

Boer and Keuss (1982) evaluated the concept of global

advantage using a deadl ine procedure to assess speed. accuracy



tradeaffs. The task was comparable to Navon's Stroop type letter
taskK. Boer and Keuss found that eveh under task instructions +to
respond as fast as possible, the subjects uwere unable to ignore
completely either level of the form.

The "middle-out" sequence. Kinchla and llelfe (18738) have

argued that processing is neither “bottom-up" or "top-doun®.
Inztead, forms at some intermediate level are recognized first
with subzequent recognition of both higher (global) and louer
(lecsl) level forms. Ueing stimuli similar to Navon's, Kinchia
and Wolfe presernted the display ih several sizes. Subjects uwere
asked to respond "yesz" or "no" with respect toc the presence of
the target letter. Az long as the large letter was less than 8
degrees of visual angle, subjects responded faster if the target
Wwas s large letter. However, at zizes greater than 8 degrees,
the responded faster to the smaller target. Kincla and Wolfe
have indicated that there is zome optimal size for forms (about 2
degrees? and that forms of this size would be processed first,
with higher and lower lewels processed subsequently as nhecessary
(middle-out processing?

Martin (1972) obtained results similar to Kinchla and Wolfe
(1321)> and showed the additional requirement that the number of
elements concstituting the global shape should not be too feu.

She found a global aduvantage when the large letter was formed by
small letters in a § X 7 matrix, but not when the matrix was 3 X
S. Her resulte suggest that if global features of the same size

were made up of fewer and somewhat larger local elements, local

Jjudgements uwere faster and unaffected by the identity of the
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global forms, whereas global judgements were interfered with by

an inconsistent local form. Thus the most uwell formed and

salient featuresz zeem to have processing precedence regardless of

their level in the form hierarchy.

Hoffman €1928@) and Grice, Canhan, and Bouroughs (1988)> have

noted that the relative speed with which a subject reports

targets defined &t the global or local levels can be manipulated

by degrading the forms at either level.

Overall, the above studies are consistent with the view that

visual pracezzing iz not local to global or global to local but

rather cperatez at some intermediary level first, with subsequent

processihg at both glacbal and local levels. Hoffman ¢1980>

suggecste that the proceszing at different levels may occcur both

independently and simultaneously., However , once sufficient

informatiaon is procezsed at ocne level, it may influence the

pracessing of the other lewvel:s because of the redundancy betuween

different levels of structure in most stimuli.

The attentional model. While there appears to be evidence

+to suppart the "middle-cut” processing segquence, a current view

suggested for the globkal or the loccal advantage, is the focus of

the observer's attention (Harvey, 1884:; Hoffman, 13873, 18988;

Kinchla, Solis-Macias, & Hoffmarn, 19837 Miller, 1980 Pashler,

1984; Pomerantz, 1882; Trei=man, 1882>. For example, the global

advantage obtaired in the previcus studies may hot be due to the

fazct that glabal letters are identified first. Instead, it may

be eazier to attend to slocbal features and ignore local ones, but

nct the reverse. According to a model with the concept of global



advantage in the decision processes, information about both
levels is availible at the same time, but it is simply easier to
attend to and base decisions on information from the global level
(Pomerantz, 13883>.

Hoffman's (198@> experiment with th Stroop-type letter task
appears to bz relevant toc this present discussion on attention.
He had subjects view stimulus displays similar to Figure 1 to
determine whether the relevant letter was a member of a memory
set containing one, tuc, or four letters. The relevant letter
was indicated by instructicns. In the selective attention
condition, subjects wnere to base their decisions on either the
large or the small letter, whereas in the divided attention
conditicn, subjects were to base their judgements on both the
large and small letters. Hoffman found that in the selective
attention candition, interference occurred betuween global and
local levels of the visual form regardless of which level, small
or large, the subject was instructed to attend to. In addition,
he noted that in the divided attention condition, responses were
made equallw fast to targets located at either the global or
local levels. However, in both casez, the responses in the
divided attenticn condition were slower than in the corresponding
selective attention condition. Based on the latency difference
betuween the selective and divided attention conditions, Hoffman
indicated that the speed of processing at a given level of a form
is dependent upon the amount of processing attention allocated to
that level.

In line with Hoffman's suggestion, more attention might be

11



allocated to the level used most recently, and less to others not
recently used. This is exactly what Ward (1982) found using the
Stroop-type letter task. He noted that processing at a given
level of detail bkisses the distribution of attention so that more
is allocated to that level for future processing. Ward suggested
that the conflict betuween tha levels appears to depend on the
imbalance of the conspicuity and the attentional allocations
betuween levels, with the more conspicious or attended to features
interfering more.

Arguments against the attentional model. Naven and Norman

22 have challenged the research demonstrating the role of

1

]

attention in determining a global advantage. They indicate that
if the global letter attracts more attention, then the global
advantage should be more pronounced in the divided attention
condition than in the selective attention condition because the
deployment of attentiocn in the selective attention condition is
dictated by the task demands. Houwever, inh the divided attention
condition, the subjects have greater lattitude to manifest
natural attehtional strategies where the task demands are wvague.
To determine the role of attention in the global advantage, they
performed an experiment in which the subject had to indicate the
direction of an ocpen C made up of circles or C's that Wwere the
elements of a circle. The tuwo types of stimuli wWere presented
randoemly in blocke of trials during the divided attention
condition but were presented separately during the selective
attention condition. Their results revealed that subjects uwere

faster toc the global features in the selective attention
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condition compared to the divided attention condition. They
suggest that the global advantage is not due to attentional
factors directing the subjects attention to the most salient
hierarchy lewvel but to the sensory characteristics of the
stimulus,

The guestion of whether the global advantage effects
chzerved by Navon (19772 and a number of other researchers is due
toc sensory factors or attentional processes is still a matter of
debtizte. Ewven the findings of Navon and Norman (1383 can be
interpreted in light of an attentional model. For example, it is
very difficult to conceive of the more pronouriced global
advantage that MNaveon and Norman obtained in the selective
attention condition az being purely sensory. As in the Hoffman
¢198@> study, Navon and Norman's results suggest that the speed
of proceszing is deperident on the amount of attention allocated
to that lewvel.

The groblemz with the Stroop-tyvpe letter task. Ohe major

problem with the use of the Strocp-type letter task to
invecstigate the order of wvisual procescsing is the confounding of
responze inhibiticn with the local letter processing task. Mariy
inves itigators (Bjork & Murray, 189777 Ericksen & Haoffman, 13727
Ezstes, 1872, 1974: McIntyre, Fox, & Neale, 18787 Shiffin &
Gardner, 18727 Sclman, 1375) have demonstrated that when two or
more identical letters are presernted simultaneously, subjects are
2louwer at recognizing multiple and identical letters than at
recognizing single letters. Inhibition cccuring betuween the

csimilar features of the multirple letters is believed to produce



the slouwer performance. Estes (1872> has termed this effect
'response inhibition'. With respect to the Stroop-type letter
task, the notion of response inhibition might be used to account
for the slower and less accurate performance in the processing of
the local letter compared to the global letter. One difference
between the global and local letter tasks is the presence of
rezponse inhibition in the latter taskK. As noted previously, the
lacal letter iz presented in & group of multiple and identical
letterz whereas the global letter is presented individually.

In addition to the confounding of response inhibition with
the local letter processing task, other sources of confounding
cah be identified in studies emplovwing the Stroop-type letter
task. Foar example, Martin (1877) demonstrated that both global
and local advantases uwere dependent on the sparsity of the local
lettersz. Her global letters uwere at a fixed size but defined
either as a subset of a S X 7 matrix of small letters or a 3 X S5
matrix of slightly larger letters. Unfortunately, her sparsity
manipulation was entirely confounded with variation in visual
angle size of the local forms. Moreover, Kinchla and Wolfe
(19728) found that a prominent determinant of uwhether or not the
"top-down" sequence of visual processing was manifest appeared to
be the wvisual angle subtended by the stimulus. In their
experiment, they askKed subjects to search for a designated target
at the tuc levels of a compound letter. They noted that when the
glabal pattern subtended more than €-7 degrees of visual angle,
it was responded to more slouwly than the loccal letter. Although

it seemz indisputzable that the global form should be



seen from a certain distance to be perceived as a global form,
there is a problem in relating that fact with the notion of
global advantage. These problems stem from the confounding of
visual angle size and eccentricity in many stimuli. As stimuli
are increased in visual angle size, the possible bias introduced
by this confoundinhg is accentuated. In summary, it appears that
the findings of Martin (1977) and Kinchla and Wolf (1979) must be
interpreted cautiously in light of the sources of cohfounding
inherent in the experimental design.

One final source of confounding that is intrinsic nature to
the Strocop-tvpe letter is the difference in the number of
stimulus elements used to accomplish the globai and local letter
processing tasks. In order to detect correctly the large letter,
the subject must base his judgement on the smaller letters
forming the large one. The number of stimulus elements
determining a large letter is equal to the number of smaller
letters times the number of elements forming each smaller letter.
However, in deciding upon the form of the small letter, the
subject must attend to ane letter. The number of elements
determining his judgement in the latter task 15 equal to the
number of elements in that specific letter. As a result, the
recognition of the smaller letter is based on a considerably
smaller number of stimulus elements compared to that of the
larger letter. Given the experimental design, it appears that
the number of elements forming each level is confounded with the
task demands. Perhaps a better but untested design is one in

which the local letter is formed from the same number of even
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smaller letters az found in the larger letter. In this design,
the number of letters forming both the global and local letters
would be egquivalent.

Ariother way of dealing with the confounding of the number of
elements with the task demands is to prowvide the subject with tuo
tasks that maKe use of the entire stimulus pattern. For example,
one tazk would involve determining the global form and the other
would involve detemining the the total number of elements. In
thiz dazign, the number of elements used for each taskK uwould be
equal.

Studiez that contrel for confounding variables. Foster

{1878) has employed & research des}gn similar to the one
described above. In his study, Foster utilized four classes of
paired dot patterns: same form-same number, different form-same
number , same farm-different form, and different form-different
numbiar. The dot patterns consisted of 7 or 10 dots and uere of
random forms. Subject:z made same-different judgements in a
paired comparison task to determine whether the members of each
psir were identical in shape or whether the number of dots in
each pattern was the same. Foster found that there was slighlty
areater accuracy for the form discrimination task than for the
rnumber discrimination task. Hiz finding is consistent with
MNawvan's concert of & global advantage and suggests a "top-doun”
sequence of visual proccessing.

While Foster's findings are important to this discussion on
the htierarchial levels of processing, his study is lackKing in

several respects., First, he did not employ a reaction time
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measure. As a result, it is difficult to determine whether the
form of the patterns was processed faster or slower in relation
to the number of dots in the pattern. Moreover, there was no
divided atterticr condition whereby form and number
discrimination could be ascsessed simultaneously for pricrity in
termz of both reaction time and accuracy. The mixed design is a
important technique in controlling attentional set and can be
uzeful in determining what type of processing occurs faster and
mcre accurately.

Research that avoids the above stated difficulties wuwas
carried out recently in an unpublished study by this author
(Mixitish, unpublicghed?. Dotz patterns consisting of 3-7 dots
were utilized. The patterns formed one of four geometric
figures: square, rectansle, rhombus, and parallelogram. As in
the Foster ztudy, subjects made same-different comparisons to
pairce cf patterns on the basis of the form or the number of dots.
Unliks the Foster study, however, there was alsoc a divided
attention condition in which the subject was able to makKe a same-
different comparison on the basis of either the form and number.
The dependent variables in the study were manual accuracy and
latency.,

Table 1 presents the results of the Mikitish study. Mean
percentage to and latency to correct responses for the four
stimulus classes in blocked form, blocked number, and mixed form
and number taskKs are provided as well acs the grand means for each
condition. As shouwn in the table, the processing of dot form Was

found tac he significantly faster than the processing of dot



Table 1

Percentage of and latency to correct responses for the four
stimulus classes of the blocKed number, blocked form, and mixed
form and number tasks.

BlocKed number task:

Percentage of correct responses Latency to correct responses
(in seconds)
SF  DF b SF DOF bd
SN 76 71 T3 SN 1.42 1.45 1.449
DN 77 74 76 DN 1.44 1.36 1.51
X 78 7?2 TS5 ¥ 1.44 1.59@¢ 1.497

Blccked form task:

Percentagse of correct responses Latency to correct responses
(in seconds)
SF DF b SF DF b
SN 7?8 78 74 SN 1.38 1.37 1.37
DN 64 77 72 DN 1.40 1.22 1.31
X 8v 72 72 b 1.38 1.306 1.34

Mixed form and rumber task:

Percentage of correct responses Latency to correct responses
(in seconds)
SF DF = SF DF b
SN 6@ 8@ 7o SN 1.68 1.4@ 1.54
DN 85 84 7S DN 1.34 1.18 1.3
¥ 83 82 73 = 1.61 1.29 1.45

Key to the Table
SNt Same number pairs DN: Different number pairs
SF: Same Fform pairs DF: Different form pairs

Note. From Mikitish <unpublished>.
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number ¢1.34 versus 1.47 seconds) in the selective attention
condition. Moreowver, in the divided attention condition, the
detection of a pair difference in the pattern form was noted to
be significantly faster (1.4€ versu:z (.54 seconds) and signifi-
cantly more accurate (8@ versus B85X%) than detection of a pair
difference in the number of dots. The differences between form
and number processing were found to be related to the number of
dots in the second pattern of a pair in both the selective and
divided attention conditionz. UWhen the number of dots in the
second pattern wasz three or four, the difference betuween form and
number processiﬁg for speed and accuracy uWere not significant.
However , uher the number of dots in the second pattern uas five,
six, or seven, the differences uwere signhificant and demonstrated
that form processing was faster than number processing. Owverall,
the results of the MikKitizh study suggest that there is a "top-
doun" sequence of visual procecssing. However , this order uas
found to depend upon the number of dots in the stimulus.

The results of the Mikitiszh study alsc revealed interference
effects betueen dot form and dot number in the both the blocked
form and number tasks. As shoun in Table 1, more accurate
responses were noted in the blocked form taskK with the equivalent
dot number stimulus pairs compared to the nonequivalent dot
number stimulus pairs. Moreover, in the blocked number task,
more accurate and faster responses were found with the equivalent
form stimulus pairs compared to the nonequivalent form stimulus
pairs. QOverall, the findings suggests that information regarding

dot form and number might be availible within a similar time
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course, thus praducing the interference.

In conclusion, the concept of a "top-doun® order of visual
processing has beern demonstrated in a number of studies. These
investigations have alzo found that the order of visual
processing is dependent upon a number of factors which include
the sparsity of elements, the visual angle of the stimulus, and
the conspicuity of the stimulus.

Hemisgpheric Differences in VYisual Processing

During the last 25 years, considerable evidence has been
obtained from humancs on the difference in function of the tuwc
cerebral hemispheres=s. In right handed subjects, the left
hemisphere has been associated with verbal processing and the
right hemizphere has been ascciated with visuospatial processing.
Using tachistcscopic presentations, many investigators have
documented right visual field-left hemisphere (RVF) performance
advarntages for such tasks as digit and letter naming (Kimura,
1981, 19€€) and uword report (Dimond, 19717 Ellis & Sheppard,
1974; Levine & Banich, 1884 McKeever & Huling, 1878; Young,
Ellis, & Bion, 1984)>, Other studies have demonstrated left
vicsual field-right hemisphere (LVF) superiority in nonverbal
process ing tasks such az dot localization (Bryden, 1876; and
Kimura, 199>, dot detection (Umilta, Salmaso, Bagnara, & Simion,
1878> face recognition (Geffer, Bradshaw, and Wallace, 1971
Umilta, Rizzolatti, Marzi, Zamboni, Franzini, Carmarda, &
Rerlucchi, 1974)> and visual orientation matching (AtkKinson &
Egeth, 1973>.

Tuwo interpretations have been proposed to describe these
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visual field differences: the temporal-spatial hypothesis
(Semmes , 1368) and the analytic-synthetic (analytic-holistic)
hypothesis (Bradshaw, Gates, & Patterson, 19767 and Paterson &
Bradshaw, 1875).

The temporal-spatial hyvpothesis. Semmes (1968) has

praposed that the left cerebral hemisphere is specialized for
temporal analysiz and the right for spatial analysis. The
temporal and spatizal dimensions hawve been related to cerebral
azvmmetry from ceveral lines of research. For example, Efron
(12E62b > waz the firszst to show experimentally that the left
hemisphere mediated temporal analysis. He noted that injury of
the left hemisphere in neursclcsically-impaired patients produced
a larger deficit in order-discrimination of visual and auditory
cstimuli relative to injury of the right hemisphere. In another.
study, with normal subjects, he demonhstrated that perception of
simultaneity in wvisual and tactile stimuli was better on the
right side. Efron (1883a, b) has suggested that the left
cerebral hemisphere processes visual, auditory, and tactile
stimuli over time. He has proposed that temporal analysis
underliez speech comprehension in which the left hemipshere
dominates=z. In additicn, he has indicated that the left
hemiszphere processesz certain nonverbal stimuli, when such stimuli
are of a temporal-spatial nature.

The number of demonstrations shouwing left hemisphere
dominance with neuroclogicallv-impaired patients on temporal
sequence tasks has increased steadily since Efron’'s initial study

(Carmon & Nachson, 1271; Horan, Ashton, & Minto, 1988; Milner &



Tarlor, 1872; Swisher & Hirsh, 1872; Tallal, 1888; Tallal &
FPercy, 1373:; Van Allen, Benton, & Gorden, 18665 Zaidel, 1873;:).
In addition, there are numerous studies documenting left
hemisphere dominance for temporal processing in normal subjects.
These studies have utlizized dichotic auditory procedures for the
presentation of stimulus material (Emmerich, Pitchfold, Joyce, &

Koppell, 12817 Mills & Rollman, 1878, 1988r Natale, 189777 Sheruin

0
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& Efran, 198

Rdvacates of the temporal-spatial hypothesis have also
stated that the right hemisphere is specialized for the
processing of spatial stimulus material, citing numerous studies
demonstrating tright hemizphere superiority with visuospatial
processing in both brain damaged <(Arrigoni & De Renzi,1964;
Carkin, 138657 Carmen & Benton, 1878; Levy, 1963; Zanguill, 13685
and normal subjects (Kimura, 1864, 19687 Knox & Kimura, 18768: and
Freedman, 1883) as support for their conclusion.

Problems with the temporal-zpatial hypothesis. Despite its

empirical support, the temporal-spatial hypothesis carnot account
for all lateralized findings. The theory cannot explain the left
hemizphere dominance in the perception of uwritten material
Kimura, 19667 Gefferi, Bradshaw, & Wallace, 1871 nor the
relative supericrity of the right hemisrhere in the recognition
of musical! chords <(Gorden, 1978) and melodies (McGlone &
Davidson, 1973: Milner, 18627 ShankKueiler, 186S5), In addition,
the fact that follouwing extensive early damage to the left
hemisphere ;. the right hemisphere is largely capable of sustaining

linguistic development, especially in children <Broun & Hacaen,
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19767 Dennis & Whitaker, 19767 Levine & Mohr, 1973; Smith, 1868;
Smith & BurKlund, 196E6; Woods, 19880) cannot be accounted for by
the dichotomy. Finally, the temporal-spatial dichotomy does not
explain the resultz of many studies that did not find any
differences between the activities of the two cerebral
hemispheres using wverbal, nonverbal, and spatial tasks with the
visual, auditory, and somatosenscry modalities (Benson & Barton,
1878; Broman, 1272 Bryden, 1967; Butters & Barton, 18787 De
Renzi & Fagliomni, 1896877 De Renzi, Faglioni & Scotti, 18687 Gott &
Bovarsky , 1972; Koff & Riederer, 139817 Rasot, Renault, & Remond,
1980; Shanon, 189739; Uyvehara & Cooper, 19802

The analytic-zyhnthetic hwpothesis. The analytic-synthetic

approach (Ben-Dov & Carmon, 1876; Bogen, 1968; Cohen, 1873 Levy,
13737 Nebes, 19787 Paterson & Bradshaw, 19752 Polich, 1880;
Polich, 18984) states that the left- right difference are due to
preferred modes of processing for each of the hemispheres. These
recearchers suggest that the right hemisphere is specialized for
Gestalt, holistic percepticon--being primarily a synhthesizer in
dealing with informatiorn irput. The left hemisphere, in
contrast, seems to orerate in a more logical analytic computer~
like fashion.

According to Bradshaw and Nettleton (1881)>, time and space
are not the unique, objective characteristics of the physical
stimuli, but rather correspond to the subjective operations of
analysis and synthesis, respectively. This distinction is less
concerned with the uay events happen than with the possibility

that time and space are perceived gqualitatively as two different



waye of organizing sensory information in the higher cortical
centerz. Subjective time and space are the a priori forms of
perception. They occur prior to perception and enable the
perceiver to organize his external uworld.

Bradshaiw and Nettletorn (1981) have indicated that temporal
organization is a proceszs of sequential abstracting (analysis?
and temporal rezolving of the sensory information. Their notion
is compatible with previous biological, cybernetic, and
philocsophical viguwpoints that perception is a discrete process
which inwvolwvesz final integration of periods, "moments"” or "time
quanta".

Spatial organization, as an activity of synthesis, is
compatible with the characterization of the Gestalt as a totality
of relationshipe and as a completeness of information
esztablishing spatial relationships from partial sensory
information, and setting up perception in relation to the spatial
complexity of patterns.

A related model is suggected by Galper and Costa (1888).
These authors attempt to combine the analytic-synthetic
dichotomy with the recent studies that report marked individual
differences in the use of the analytic versus the synthetic
strategies. Their model assumes that there are indeed
tiemizpheric differences in aptitude for particular modes of
cognitive procezsing: the left hemipshere is specialized for
analytic, sequerntial strategies and the right hemipshere is
specialized faor synthetic, simultaneous strategies. In addition,

they suggest that either hemizphere can at times process
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cognitive information by either a synthetic or an analytic
strategy. The adoption of such strategies can act to change the
pattern of hemipsheric responsze to the task because hemispheric
epecializaticn iz meant to decscribe hypothetical tendencies in
subject processing strategies, thought to depend more on one
hemizphere than.another.

Empirical support for the analytic-synthetic hypotheis of
cerebral specialization is quite extensive based on studies using
different stimuli and different procedural tasks (Bever &
Chiarello, 1374: Gur & Reivich, 198@: Levy-Agresti & Sperry,
1262; Newman, 189817 Peretz & Morais, 18887 Polich, 1888:
Ornstein, Johnstone, Herrcn, & Swencionis, 1888; Ross &
TJurkewitz, 1981; Sergent & Bindra, 1881). For example, Bever and
Chiarsllo (1974) demonstrated that trained musicians exhibited a
left hemisphere advantage in identifying musical patterhs by
uzing an analytic approach to the tazk. Individuals who were
unsophisticated with respect to music exhibited a right-
hemisphere advantage in performing the same task. The authors
found that the untrained subjects aprroach the task using a
holiztic strategy. Sergent and Bindra (1381) examined the
rrocedures and stimuli used in lateralized face recagnition
studiez and noted that the superisrity of the visual field
depended upon, among cther things, the task requirements. A left
visual field advantage was obtained in conditions that required
synthetic processing (likKe degraded facial imformations; highly
discriminable faces, and unfamiliar faces?>. Houwever, a right

visual field advantage was obtained with conditions that required



analytical judgements (detecting difference in parts of faces).
They found that no hemisphere had an inherent or absolute
advantage. Based on their findings, Sergent and Bindra conclude
that both hemispheres contribute to the processing of faces, but
their contribution vary as a function of task demands.

Problems with the analwtic-synthetic hypothesis. Despite

the usefulness of the analytic-synthetic theory in the
interpretation of many lateralized findings, there are
experimental results that the theory cannot explain. For
example, the dichotomy cannot account for the higher temporal
rezolution in the critical flicker fusion frequency threshold
fallowing damage to the left hemisphere (Goldman, Lodge, Hammer,
Semmes , & Mishkin, 19€8) or the left hemisphere's relative
inefficiency in the recognition of letters in nonstandardized
script (Bryden & Allard, 1976). Similarly, the holisitic
processing suggested for the right hemisphere cannot easily
explain its relative advantage in analytical tasks such as the
detection of gaps in contourz and the orientation of dots and
lines in space (Kimura, 18697 Warrington & Rabin, 18787 Umilta,
Rizzeolatti, Marzi, Franzini, Camarda, & Berlucchi, 1874>.
Despite these inconsistencies, most researchers (Bradshauw &
Nettleton, 18817 Bryden, 1882; Moscovitch, 18739’ and Nettleton &
Bradshaw, 1983) agree that hemispheric specialization, although
difficult to describe, does exist. The disabilities of
commissurotomized patients and aphasic patients, who almost
aluways suffer left hemizphere lesions, are difficult to interpret

in any other way. Theorists reconcile the inconsistency betueen
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experimental findings and hemispheric specialization notions by
assuming that the effects of individual differences, task
demands , and situational factors are superimposed on the
underlying functional specialization. For example, visual field
asvmmetries have been found not ocnly to shift from one taskK to
another (Geffen, Bradshaw, & Wallace, 13871: Robertshaw & Sheldon,
1276 Simion, Bzagnara, Bisiacchi, Roncatos, & Umilta, 1888) but
alzao to differ from subject to zubject (Kroll & Madden, 1378:;
Brandeiz ., 18227 Hatta & Dimond, 198@; Levy, Heller, Banhich, &
Burtocn, 12823, and even to differ +from trial to trial in the same
subject (Cohen, 18785, In addition, situational factors such as
memory load (Hellige, Cox, & Litvac, 19785, memory duration
(Hanny & Roger, 187V3), practice (Hellige, 197V6), task difficulty
(Jaonides, 138732, stimulu=z-set size (Kirsner, 19887 Miller &
Butler, 1288@}), stimulus probability (Babkoff & Ben-Uriah, 1883)
exposure dursaticn (Sergent, 1982,12384), interstimulus interval
(Mascovitch, Scullion, & Christie, 1876), subject strategy (Faber-
Clark & Mocre, 1383>, and scanning biases (Heron, 1852) have been
noted to exert & profound influence on visual asymmetries.

The attentional model. Tha idea that hemizpheric

superiority iz dependent upon the requirements of the taskK has an
increasing amount of evidence to support it(Bradshaw & Nettleton,
1881 Hellige & Ccx, 1978; Kinsbourne, 138737 & Kirsner ,188@8)>,

For example, Kinzbourne (1873) has suggested a third model of
cerebral hemispheric specialization based on the task
requirements. He has choun that the hemisphere that performs the

processing in a particular situation can be determined by anocther
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tazk that is performed concurrently. In one experiment that
required the subject to hold six uwords in memory during
performance of a gap-detection task, a right visual-field
advantage was neted. Houwever, when there uas no verbal memory
requirement, no asymmetry in gap detection performance uwas
obtained. Kinsbourne atiributes the results to the priming effect
that the memory taskK had oh activating the left hemisphere for
processzing in the experiment. A similar Kind of priming has been
demoristrated by Hellige (1978) by comparing performance on a form
recognition task under block prezentations (only forms presented)
or mixed presentations (forms and words presented). He found
that the left visual field superiority obtained under the block
precentations changed tc a right visual field superiority when
the form:= were mixed with the words in the stimulus list. An
interpretation of the results consistent with the Kinsbourne
hypcthesiz is that the words primed the left hemisphere to
dominate processing on the mixed presentation trials, and this
hemisphere, once activated, dominated in the recogntion of forms
as well.

Despite the strong experimental support in favor of an
attentiaoral model of hemispheric differences (Honda, 1378;
Hellige, 1978 Kershner, 1877; Kinsbourne, 1973; Spellacy &
Blumstein, 13878), there are a number of inherent difficulties in
this model. In particular, there is the difficulty of
distinquishing zhifts in the allocation of attention from changes
in strategy <Bryden, 1982>. Moreover, the fact that the effects

of impc=ing a concurrent memory load is uncertain, sometimes



priming and sometimes depressing the performance of the loaded
hemisphere, is seen as seriously limiting the predicting power of
the model <(Gardrier & Branski, 187687 Geffen, Bradshauw, &
Nettleton, 19737 Hellige & Cox, 18762, Finally, there are a
number of studies that find concurrent verbal locads produce
complex and variable changes in both the right and left
hemispheres (Beaumont and Colley, 19867 Bradshaw & Nettleton,
1922 Cohan, 1373). For example, Beaumont and Colley presented
subjects with a mixed list of shapes and words which appeared
rahdomly in the left or right wviszual field. In a given set of
trials either shapes or words were more commoh, and the subject
was clearly informed about the frequency of occurrence for each
tvpe of stimuli. While subjects responded more rapidly to the
more commarn type of stimulus in any set, the fact that a stimulus
tvpe waz more common or less common did not affect the symmetry
far the stimulus tvrpe as Kinbourne's attentiohal models would
predict.

Sergent (12822 haz suggested that there exists a continuum
along whick hemizpheric advarntages may emerge & a function of
tacK demands. She states that the superiority of the left
temisphigre over the right hemisphere is more likely to emerge
uhen the task requires fine feature detection, provided that the
viewing conditions make these components availible. In three
experiments tshe investigated the inuvolvements of the two cerebral
hemispheresz in the processing of faces. Perceptual
dizerimination of pairc of faces was equally fast overall-

regardless of whether the faces uwere presented to the right or



the left visual fields. Houever, for faces differing in one or
twa features, a qualitatively different pattern of results
emerged. A RVYF advantage was obtained when the difference
betwearn the two facez was in the upper part of the face. Sergent
coricluded that different strategies might be used to process
facez according to which viusal field they uere presented. There
are & number of other studies using faces (Marzi & Berlucchi,
1977; Patterzon & Bradeshauw, 1875 Sergent, 13845 and other
stimuli (Cchen, 189767 Pollich, 1388, 1984) that lend support for
the notion of a left hemisphere advantage in detecting minor
changes within complex stimuli.

O0f course, in order for factors such as priming, owverload,
or instructions to be effective, there must be some capacity for
both hemispheres to perform a variety of tasks, including some
for which the cpposite hemisphere is specialized. In support of
this pessgibility, Gazzaniga (19702 and Nebes (1374) have noted
that the nonlanguase hemisphere is capable of some language
functionz, although not many. Moreover, Levy, Trevarthen, and
Sperry (1972) and Lewy and Trewvarthen (1876) report that in split
brain patients, visual pattern recognition data with nonsense
forms can be performed by both hemispheres, thus suggesting that
processing capacity and dominance are separable from one another.

Netes (1972) haz indicated that the full range of abilities
has not been explored in thesze studies, and the right and left
hemipshere may proved equally competent on some tasks, though

perhapszs differing in the strategies they use to process them. He



has suggested that it is not just the type of perceptual stimulus
or mode of readout used that determined which hemisphere wuwas
dominant, but the tvpe of information processing necessary to
sclve the problem at hand. When only visual recognition was
called for, even if the material were wverbal, the right
hemisphere was dominant. If however, a verbal transformation was
required. even if tha material was nonverbal, it was handled by
the left hemisphere. Thus, the dichotomy of the tuwo hemispheres
appears to be in accordance to the functione they perform rather

tharn bv their preferred input or cutput.

The unconfounding of task demands and test stimuli. The

confounding of stimulus characteristics with the cognitive
demands of the tasks used to test them has been a fundamental
problem with tezts of cerebral specialization (Brandeis, 18837
Cohen, 18975: Klatzky & ARtKinson, 1871; Wolff, 189887 Wittelson &
Rabinovich, 18713, Rarely has the same stimulus set been used in
two taszsks tc differentiate the processing advantages of the
hemispheresz. Generally, left hemisphere advantages have been
found on verbal task= using language-related stimuli, whether
vizual or auditory (Lewvine & Banich, 1884; Young, Ellis & Bion,
1984), and right hemizphere advantages have been found on wvisual
spatisl tasks using nonverbal stimuli (Bryden, 19767 Umilta,
Salmaco, Bagnara, & Simion, 197382,

Obtaining a suitable set of stimuli to study the different
typesof processing has been an obstacle 1o the investigation of
the effects of task demands and the role they play in cerebral

hemiszpheric specialization. By their wvery nature, most stimuli
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are conducive to one type of processing. For example, uWords are
analyzed efficiently with verbal processing tasks but
inefficiently with visuospatial processing tasks.

The issue of task demandzs and cerebral asymmetry has been
made most evident by the lack of consistency between different
studies employing the same type of stimuli (dot, letters, or
gecemtric formz? but under different task demands. The results
of theze investigations have suggezted that visual field
advantages are to some extent dependent on procedural task
demands.

Dot patterns. Orne example of stimuli that have been noted

to produce different lateralized findings under varying
pracedural task demands is the dot pattern. Dot patterns have
been investigated in terms of the form and the number of dots in
the pattern. In a study assessing form perception with dot
patterns, McKeever and Hulving (1870) presented dot patterns that
formed different geometric figures to the risht and left visual
fields. RAfter each preszentation, they azKed the subjects to
reproduce the pattern on paper. Geometric figures uwere found to
be more accurately reproduced when the dot pattern was presented
tc the left visual field. Other studies employing simple but non-
dat geometric figures have obtained similar findings (Bryden,
12737 Fonterot, 18737 Dee & Hannay, 18767 Hellige & Cox, 1878).
Studiez emplaying enumeration tasks with dot patterns have
found either no visual field advantages (Adams, 1871 Kimura,
1966 McGlone & Davidzaon, 19737 White,1871) or both left and

right visual-field advantages relative to the shape of the dot



pattern. For examrle, Granek and Stern (1882) presented dot
patterns randomly to the left or right of the center of fixation.
The patterns were constructed to form random and commom geometric
figures. The authors noted that dot enumeration uwWas more
accurate in the left visual field when the dot formed a common
geometric figure. A right visual field advantage wWas obtained
for dat enumeraticn wher they formed the more difficult random
pattern.

The rezulte of the studies using dot patterns are important
to this preszent discussion because they have demonstrated how
changes in task demands and task difficulty (Granek & Stern,
1982 interact with hemispheric differences. Stroniger arguments
far the role of task demands in cerebral specialization would
have been possible if the different task demands were used with
the same set of stimuli in a simple experiment.

Letter matching. Thera are sewveral researchers (Cohen,

1a72: Davis & Schmit, 19737 Egeth & Epstein, 189727 Geffen,
Bradshaw, & Nettleton, 138727 Hellige, 19767 Niederbuhl &
Springer, 1978 Segalcowitz & Steward, 18739) who have achieved a
differentiation of taskK demands with the one set of stimuli in
the zame study by using upper-case and louer-case letters in a
matching task. For example, Geffen, Bradshau, and Nettleton
(13872 have shoun that when an upper-case letter is paired with
its lower case equivalent, the right visual field presentation
shows a significant advantage cver the left visual field
precserntation. However, a left visual field advarntage is obtained

for the responce to the same case pairing. Geffen et al contend
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that whern the pairirng involves different cases (name matching)
the judgement was entirely linguistic because in that instance
only letters that had minimal similarity betuween upper and louer
cases uere used. When the pairing involved identical letters
(same casel, the matching was persumed toc be based on physical
similarity, producing & left vizual field advantage. Similar
findings have been reported by other investigators employing
upper and louer case letters. The significance of this research
paradigm is evidentt: uhile controlling precisely for stimulus
attributes (since the same letters are used?, letter matching has
provided a tool for measuring hemispheric asymmetry as a function
of tuwo different task demands (physical and name matching).

Problems with letter stimuli. While the above studies have

been informative with respect to letters, they by no means
provide a complete description of the manner in which the tuwo
hemispheres function. Letter stimuli represent a finite set of
stimuli that are sharply foccused, familiar, and overlearned.
Nonwverbal and visual spatial stimuli represent a potentially
infinite set of shapes with different levels of structure.lIt is
pos=ible that the wverbal or nonverbal stimuli may not achieve a
similar quality of representation in the sensory areas of the
brain during tachistosccpic presentaticn (Sergent, 1882). It is
for thiz reason that future investigation of the role of task
demands in cerebral specializatiorn must also employ visuospatial
stimuli. To date, there have been noc investigations utilizing
visuocspatial stimuli to differentiate the effects of task demands

cn hemispheric functioning. Comparable findings with



visucsratial etimuli would increase the generalizability of the
role for task demands in lateralized findings.

TazK demands. Assuming that the interpreted nature of any

prcblem sugsgests & particular type of soclution, we contend that
the procedural taskKk demands themselves can be described as
exiszting along a continuum. There are those task demands which
require a particular pattern of cognitive analysis and therefore
a certain hemisphere supericirty. On the other end of the
continuum are those tasks which require a less defined pattern of
cognitive arnalysis. These tasKs are extrene;y weakK in specifying
one strategy over another in cognitive processing and usually
rezult in the absence of lateralized findings.

Derendirg upon the composition of the task, many levels of
processing might be enacted as subjects attempt to solve the
problem they face. If that task is sensitive to individusal
differences, thern the existence of variation in processing
strategies may account for the fact that some studies on
laterality repcort inconsisterit, uweak, or even contradictory
firndings for the same task (Witelson & Rabnovich, 1871 Bradshauw,
1878 Kinsbourne, 133@: Wolff, 198@). The concept of task
demands as plaving a role in cerebral asymmetry cannot be fully
appreciated unles=s the underlyins subject strategies are
uncovered. This is a Key factor to understanding the hemispheric
differences that occur in studies involving onhe or many task
demands wnith the same set of stimuli. It is an important topic
and needs further exploration.

Tas¥ difficulty. Closely related to the concept of subject

(&8}
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strategies is the notion of task difficulty. Different subject
strategies are liable to be emgloyed depending upon the
difficulty level for & specific task. The significance of task
difficulty for hemispheric differences has been suggested in many
studies. The majority of the studies investigating task
difficulty have manipulated stimulus characteristics such as
expozure time (Rizzolatti & Buchtel, 18777 Bradshaw, Hicks, &
Raze, 1873: Pring, 1381; Marzi & Berlucchi, 18777 Sergent, 1882,
degradaticn f<Moscouvitch, 1979: McKeever & Gill, 18727 McKeever &
Suberi, 13974: Eriksen & Schultz, 1973 0'Boyle & Hellige, 1878),

and brightnacse (Simion et al. , 18980; Sergent, 1882>. The

findings from these studiesz indicate that there is a right visual-

field advantage with a decrease in stimulus qualities. Studies
that have investigated task difficulty through manipulation of
task demanrds but without changing the stimulus qualities are feuw
(Davis & Schmidt, 19737 Geffen, Bradzhauw, & Nettleton, 1972
Hellige, 187E€, 1878). In the simplest procedure, tuwo different
twpez of stimuli are presented separstely in blocks of trials in
which task conditicns are the same, i.e. a blocked condition.

The rezults are compared to the more complex mixed condition in
which the two types of stimuli are presented randomly and the
subject does not Knhouw on any given trial what type of material is
to be presented. Thue, the subject cannct develop a specific set
for tyvpe of material and cannct *“activate” one hemisphere for one
type of material and the other for a different type of material.
The tazk demandz are similar for both the blocKed and mixed

conditions., The difference between them lies in the level of

(V)
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difficulty. For the blockKed condition, the subject must attend
to only one type of stimulus characteristics. In the mixed
conditiocn, the subject must attend to tuo tyvypes of stimulus
characteristics.

Hellige (13782 has usedAthis procedure to investigate the
processing of complex polwvgons in the divided wvisual fields. He
haz found an awverall left visuxl field advantage for nonverbal
farm recogniticr presented in blocked trials, but an cverall
right uis&al field advantsse when the form trials uwere randomly
intermixed with the woird rececgnition trials. Geffen et al.
(13722 have also employed this procedure with physical and name
matching of letters, The results of their experiment have
indicated that name matching is mocre strongly localized in the
left hemizphere on the blocked trisals but in the right
hemisphere on mixed trials. Physical letter matching was found
tca be localized in the right hemisphere during both block and
mixed presentationz. Hellige has suggested that attention or
level of arcuzal is an important factoar in determining cerebral
cspecialization and hkas indicated that Kinsbourne's nhotion of
"priming® mav account for the inconsistencies in the cerebral
asymmetry data in going from blocked to mixed trial presentation.

Other reseacher:z such as Paterson and Bradshaw (1372> and
Sergent (19822 suggeszt that, in general, with more complex task
demands using equivalent stimuli, the left hemisphere is more
efficient. Tomlinson-Keasey and Kelly (1878)> have shown this to
be true for tasks that involwve both words and pictures of

objects. Unfortunately, left hemisphere dominance on complex
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taske is not universal. Jonides (18782 has reported a right
visual field superiority for a simple letter classification task
but a left visual field superiocrity for a complex classification
tasK., The right vizual field advantage for the easy task uwas
reversed when it was intermixed with the difficult one. Jonides
haz suggested that subjects develap expectations about task
characteristices which, in turrn, prime one or the other
hemizphara. The primed hamisphere becomes dominant, resulting in
contralateral field adwantage.

The rezults of the above inuestigatiqns indicate the
impartance of task difficulty for the production of lateralized
firdingz. The direction of the relationship iz dependent upon a
rnumber of factorzs. It appears that manipulation of stimulus
characteristics which increase task difficulty, is associatied
with a right visual advantase. Moreover, the manipulation of

askK demands by makKing them more difficult while retaining the
same s3timulus characteristics is also associated with a right
visual field advantage. The results are cocnsistent with the view
that lateral azvyvmmetries are due toa many factors, such as task
demandes , taz¥ difficulty, subject strategies, and sc on.

While the task demands specify processing of a particular
stimulus feature, several studies with both lateralized
presentations (Alivisatos & Wilding,1982: Boer & Keuss, 13737
Martin, 1878)» and nonlateralized presentations (Foster, 1978)
have demonstrated that irrelevant stimulus information sometimes
invades the processing of the relevant features. These results

are comsiztent with the view that taszsk demands exist on a



continuum and subjects may employ more than one strategy in order
to come about & solution.

The role of irrelevant information in differential
hemispher ic processing has only recently been investigated.
Studiez <(Alivasatos & Wilding, 1382; Martin, 19787 Sergent, 13882)
that have presented the Stiroop-like letter task to one or the |
other uvizsual fields are of importance to the present discussion
since they have zought ta determine the interaction betueen
relevant and irrelevant factors in each cerebral hemisphere.

They have used‘the Stroop-type letter to determine the ability of
the subject to filter out irrelevant information (i.e. the small
letterc? by ohserving performance in identifying relevant
information ¢i.e. the large letter>. Alivisatos and Wilding
(1982, emplcoving the letter recoghition task in a lateralized
tachiztoscopic rresentation, have reported that subjects are more
accurate in the left visual field when reporting the large letter
composed of small that are different. On the other hand, they
ave noted that subjects are more accurate in the right visual
field when repcorting the small letters whichk form a different
large letter. The finding of asymmetrical interference for the
right and left visual fields is cohsistent with the view that
each taskK demard requires the operation of several processing
strategies and that the strategies employed can differ for the
tuo cerebral hemispheres.

In coanclusion, the importance «f distinquishing the visual
proceszing differences of the right and left cerebral hemisphere

has become more apparent. However , the research results suggests

Nel



that task demands do not represent a unitary concept. Instead,
they can be vieuwed &s a continuum that is composed of different
levels of cognitive strategies. Each levels can be evaluated
with rezpect to task difficulty and individual differences. In
additior, there is empirical evidence to suggest that different
congitive strategies emplored in the execution of a task can
interfere with one another asymmetrically in the two cerebral
hemizpheres. It iz clear that further research concerning the
role of task demands and related factor:z is necessary if uwe are
to fully under=ztarnd the nature of the functiocning of the tuc
halves of the humar brain and their interrelationships.

Rationale of the Present Investigation

The order of wvisual proacessing. Most of the previocus

studies investigating the “top-doun" sequence have presented
stimuli under conditions of spatial certainty. One major
difficulty with this procedure has been the possibility that the
subjects might limit their attention to & particular region on a
stimulus pattern and as & result, produce findings consistent
with either a ®"top-down” sequence or a "bottom-up" sequence of
visual procescing. Sewveral studies have attempted to deal with
this problem by prezenting the stimulus under conditions of
spatial uncertainty (Alivisatos & Wilding, 19837 Boer & Keuss,
1982; and Martin, 1873)> or by presenting the stimuli briefly
(Fozter, 1878: MikKitish, unpublished). The general results from
thecse investigations has supported the concept of the global to
lacal sequence of processing.

A majaor decsign problem associated with the above studies
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aszes=zing the order of visual processing under conditions of
either spatial certainty or uncertainty has been the confounding
of the number of elements in the different levels of stimulus
structure with the tasK demandzs. This desigh problem is
characteristic of many of the above studies employing the Stroop-
tyrpe letter.

The problem of confounding by the number of stimulus
elements was controlled in a recent investigation (Mikitish,
unpublished? by presenting to the central visual field the same
dot pattern stimuli under three different task demands. Each
taz® demand requined the use of all stimulus elements for makKing
a judgement. In general, findings consistent with a "top-doun”
csequence of processing were obtained.

The purpose of the present study uwas to replicate the abowve
findings but under conditions of spatial uncertainty, by
prrezenting the stimuli randomly to the right or left visual
fields. This apprcach handles the problem of controlling the
subijects attenticn but provides a way of studying possible
hemispheric differencee in the use of global wversus local
processing strategies.

The stimuli used in this study uwere fixed dot patterns of 4-
6 dots. The dots were afranged tc form one of four gecometric
figures: square, rectangle, rhombus, and parallelogram. These
four figurez were selected because of the simplicity of
gerierating geometric patterns from one basic formi: the square.
The dot ratterns were presented segquentially by a tachistoscope

in pairzs to which the subject manually responded same or



different depending upor the number of dots or the geometric form
they made. The first pattern of the pair was alwavs presented to
the central visual field and the second pattern was presented
randomly to the right or left viszual field. There uere three
task demands: blocked form, blockKed number, and mixed form and
number . In the blocked form taskK, the subjects uwere instructed
to respond only to the geometric figures that the tuwo dot
patterns formed for samenes:z or difference and to ignore the
number of dots creating each pattern. In the blocked number
taz¥, the =subjects were instructed to compare only the number of
dots in the tuwo patterns for sameness or difference while
ighoring their geometric form. Finally, in the mixed form and
number task, the subjects were instructed to use both the number
and the form of dots in the two patterns to determine their same
or difference judgement.

The deperndent variables in this study were response latency.,
mariual .accuracy, verbal repcrt accuracy., and confidence ratings.
Manual response latency uwas chosen as a dependent variable to
provide a time course for each of the three task demands
(Pachella, 1874>. Msnual and verbal report accuracy were chosen
to determine the accuracy levels for the three tasks. Finally,
confidaence ratings were employed because they offerred an
ecohomical and reliable way to gain information about the
subjects' judgements cf task difficulty.

The manual accuracy data was also examined within the
frameuwork of zignal detection. The purpose of the signal

detection analysis was to investigate decision makinhg processes
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for each of the three task demands. Both sensitivity and

decision biaz were evaluated.

Rased on the preceeding discussion, the following hypotheses

were made. Che, the processing of the dot form would be faster

and mare accurate than dot number in the periphery for both the

blocked and mixed presentations. This hyvpothesis uwWas based on

rezearchk by this author and others previocusly cited, shouwing that

the 5lobal features of a stimulus are perceived faster and more

accurately than the local features. Two, the nhonequivalence of

the number of dots within the two patterns of a pair would

interfere with the speed and accuracy of form processing in the

blocked form task. And three, the nonequivalence of the dot form

within the two patterns of a pair would interfere with the speed

and accuracy of dot number processing in the blocked number task.

Bath the zecand and third hvpotheses uere founded on previous

research findings with both the Stroocp-type letter and dot

patterns, demcncstrating that irrelevant features interfere with

relevant che,

Hemispheric differences in visual processing. As stated

earlier in the general introduction, the second purpose of this
thesis wWwas to investigate cerebral hemispheric differences in
visual processing. This gocal was achieved by presenting a single
set of stimulus dot patterns to the right or left wvisual fields
under different task demands. The task demands required the
subject to discriminate paire of successively presented patterns
for samenessz or difference on the basis of the geometric dot form

or the number of dots. The task demands were of upmost



importance to this study because they determined the type of
visual processing the subjects employed.

Dot patterns were chosen as stimuli because of both their
simplicity and their suitability for processing under different
tac¥ demands (i.e., form and number2. To date, there has been no
study differentiating form perception from dot enumeration in the
left and right visual fields using a single set of stimulus dot
patterns {see pagses 32-332). The advantage of the present design
wase that it permited a determination of hemispheric speciali-
zation under different tazk demands.

In additior to the study of taskK demands, this investigation
was undertaken to determine the importance of task complexity in
the producticn of laterzlized findings. As stated earlier in the
introduction (pages 35-38), prewviocus tresearch regarding the role
of tazK complexity in cerebral hemispheric differences is
conflicting. In this study, different levels of task complexity
nvere achieved by presenting the tasK demands of both form and
number discrimination in two different presentations (blocKed and
mixed?. In the blocKked presentaticon, the task demands consisted
of diszcriminating either fcrm or number. Houwever, in the mixed
conditicon, discriminating both form and number was required. The
mixed condition was considered to be more difficult because it
wasz necessary for the zubject to process tuwc diemensions, form
and number, in order to comglete the task.

The lazt iscue addrezsed in this thesis was the interaction
betwaen form features and number features in the blocked

prezentatiosns of the form and the number task. Each stimulus
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pair contained information about both the form and number of the
dots. The issue under investigation was whether hemispheric
differences weould be found in the interaction betuween irrelevant
information (for example, form)> with the processing of relevant
information f(for example, number).

Az noted in the introduction, most research investigating the
interaction of different levels of features in a lateralized
presentation have used the Stroop-like letter task (Boer 6 Keuss,
1981 Martin, 19797 Naven, 18777 Alivisatos & Wilding, 1881>.
The results of the above studies demonstrating asymmetrical
interference in the right and left visual field are interesting
with respect to different hypothetical models of cerebral
specialization. Houwever, the conclusions from those studies
employing the Stoop-like letter task must be accepted cautiously
in light of the faillure cf the researchers to control such
variables az the level of task difficulty and the difference in
the quality of the large and small letters

In general, hemispheric differences have been measured by a
variety of paradigms. Of the many different types of dependent
variables, it has been suggested that response latency is the
most sensitive to detecting hemispheric differences (BabkKoff et
al, 1988: Bradshauw & Gates, 1878: DBay, 1877). Bowers and
Heilman (1888) demonstrated that asymmetrical activation is more
likely when the stimuli convey discriminative information about
the type of responsze to be made. This is consistent with the
research of Murphy and Vernables (197> who have shown that

asymmetries are too small to be detected when using a simple RT
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paradigm. The general concensus has been that a choice RT
paradigm with stimuli that convey discriminative information is
preferable, in order tc takKe advantage of the larger predicted
hemispheric asyvmmetry. Thisz type of design has been used quite
frequently in differentiating the two hemispheres for lexical or
grammatical decision time taszKs (Babkoff et al, 13988: Bradshaw &
Gatesz, 1972: Day, 18772 and wverbal (uwords or letters) versus
face recaognition tasks {(Bouwers & Heilman, 13988; Broman. 1978).

The present experiment was designed to assess a number of
dependent variables for the production of lateralized findings
with the same set of stimuli. The variables included manual
rezponce laterncy amd accuracy ., signal detection analysis of
manual accuracy, verbal report accuracy, and confidence rating.
The role of the derpendent variable in the investigation of
cerebral asymmetry has only been given scant attention (Beaumont,
1822 Bryden, 1982; White, 19686>. This investigation sought to
determine the most useful dependent variables in obtaining
lateralized findings for the specific procedural tasks.

On the basiz of the preceeding discussion of the literature,
it waz hvpothesized that: (12 faster and more accurate
Frerformance in the proceszing of the form (the blocked form task?
would be cbtained for stimulus patterns presented to the left
visual-field (Hellige & Cox, 18767 McKeever & Hulwing, 18782>; (2>
when the number of dotz within a pair of patterns was different,
zlouner and less accurate processing of dot form (the blocKked form
tack)> would be noted with the stimulus patterns presented to the

right visual field ¢(Rlivisatos & Wilding, 18981>;7 (3) faster and



more accurate performance in the processing of number (the

bBlaocked number task)> would be shown with the stimulus patterns

presented to the right visual field (Granek & Stern, 18982:

McGlone & Davidson, 1873): (4> when the form of dots uwithin a

pair of patterns was dissimilar, slouwer and less accurate

proaces

sing of dot number (the blocked number task? would be

indicated for stimulus patterns presented to the left wvisual

field:

and (S>> faster and more accurate performance in the

processing of both form and number (the mixed form and number

tasK?

right

1278>3.

would be ohtained to the stimulus patterns presented to the

visual field (Sergent, 1882; Tomlinson-Keasey & Kelly,
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CHAPTER 2

METHOD

Subjects

Ten male subjects between the ages of 18 and 3@ years uWere
tested. All subjects uwere right handed and had normal or
corrected-to-normal vision. Handedness uwas determined by a
qQuestionnaire adapted from Annett (18789) (see Appendix A). The
criterion for elimination of weak right handedness was set at a
value of 80X or less right-handed responses to the questionaire.
Yisual acuity was evaluated for each eve separately uijh a
standard Snellen Chart. VYisual acuity poorer than 28/25 with
corrected vision was the criterion for subject elimination.

Subjects uwere also screened prior to the experiment with the
Vocabulary and BlocK Design Subtests of the Wechsler Adult
Intelligence Scale-Revised (WAIS-R> to ensure equal verbal and
visuospatial abilities (Matarazzo, 18767 Filskov & Leli, 1881).
Subjects whose standard score performance on the Vocabulary
cubtest differed by more than one standard deviation from their
standard score performance on the Block Design subtest uere
eliminated from participation in the study.. All subjects uwere
paid three dollars an hour for their participation.

Stimuli

The stimuli consisted of gemoetric dot patterns drauwn on 3 X
7 inch blank white cards. Each dot was a homogeneous blank
circle of 1.5 mm in diameter. The dot patterns were arranged in

pairs with the first member being presented symmetrically around
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the center of the card and with the vertical outer edge of the
second member of the pair being presented 2.2 degrees to the
right or left of the center of the card. (see Figure 3)

The caoocrdinates for the placement of dots depended upon the
following: <a) whether the dot pattern was the first or second
member of a pair: (b)) the number of dots in the pattern (4 toc 6);
and <(c> the geometric figure that the dots formed (square,
rectangle, rhombus, or parallelogram’.

The stimulus pattern for the first member of a pair uwas
constructed so that four dots were aluways placed at the four
extreme corners to form one of the four geometric figures. The
dots were located symmetrically around the fixation point in the
center of the card. Any additional dots (1 or 2) were placed
inside the figures at 38 or 76 degress of visual angles from one
of the corners with the rule that each additional dot be placed
on a different side. The ocverall size of the side of the figure
varied with the geometric form, but the visual angle ranged from
1.52 to 1.9 degrees.

The first pattern was always draun in the center of the card
to permit adequate exposure in both wvisual fields. There was a
visual angle of 3.18 degrees from the bottom of the card to the
center of any of the four geometric figures. The square was
constructed such that the difference between any tuwo dots on
adjacent corners uwas at a visual angle of 1.52 degrees. The
other three figures represented a variation of the square. The
rectangle dot pattern consisted of a base the same size as the

square but with a longer vertical side extending 1.80 degrees.



First pattern of a pair

second pattern of a pair

Figure 3. Pair of stimulus patterns.
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The rhombus dot pattern had four sides <(two of which were
vertical) with a visual angle of 1.52 degrees between any tuo
dots on adjacent corners but the acute angle betuween adjacent
sides was 75 degrees. The parallelogram represented a composite
of the rectangle and the rhombus. The longer side, which was
always located on the vertical axis, had a visual angle of 1.9@
degress while the slanted side had a visual angle of 1.52
degrees. The acute angle betueen adjacent sides was 75 degrees.
The second member of the stimulus pair was drawn at the same
visual angle (3.10 degrees) from the bottom of the card to the
center of each geometric figure as in the first pattern.
Howewver , the second dot pattern extended 2.2 degrees of visual
angle to the right or left of the fixation point in the center of
the card. In addition, only three dots were placed on the
corners of the card with the upper or louwer outer corners aluways
missing. The use of three dots to define only three corners
meant that a tuwo-sided figure was formed (see Figure 33. The tuwo
sided dot pattern was used in order to elicit greater
interpretation from the subject as to the nature of the figure.
The subject was instructed that the second pattern was aluways a
partial representation of one of the four geometric figures
presented as a first pattern, and it was his taskKk to complete the
geometric figure. Previous pilot work demonstrated that a four
cornered dot pattern was extremely easy for the subject to
discern and resulted in excessively high accuracy scores.
Additional dots (1 to 3) in the second figure were placed at

a distance of .38 or .76 degrees from one of the three corners of



the figure with the rule that each dot be placed, if possible, on
a different side. The description given for the construction of
the four different gecometric patterns from dots for the first
member of a stimulus pair uwere the same for the second member
with the exception that only three dots uWere used for the corners
that defined the figure and the figure extended 2.20 degress to
the right or left of fixation.

A blank white card with a small black dot (1.5mm in
diameter) in the center was used as the fixation card. This card
was presented prior to the first card and during the interwval
between the first and second cards of a stimulus pair.

Each pair of patterns uwere classified into one of the
following four classes (see Figure 4>:

(A) Same Form-Same Number (SFSN)>: The number of dots in the twuo
patterns were the same (4 to 6> and the figures were the same.
(B) Different Form-Same Number (DFSN>: The number of dots in the
two patterns uwere the same but the geometric figure they formed
were different.

(C)> Same Form-Different Number (SFDN>: While the geometric form
of the two patterns uwere the same, the number of dots betuween
them differed by one.

(D> Different Form-Different Number (DFDN)>: Both the number and
the geomtetric form of the dots differed within the pair.

In addition to the above four categories, the stimulus
patterns were also classified on the basis of pair form and pair
number. The SFSN and SFDN class of stimulus pairs constituted

the equivalent-form pairs and the DFSN and DFDN class of stimulus
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pairs constituted the nonequivalent-form pairs. Moreover, the
SFSMN and DFSN class of stimulus pairs accounted for the
equivalent dot number pairs and the SFDN and OFDN class pf
stimulus pairs accounted for the nonequivalent dot number pairs.
For each wvisual field, there uere 144 pairs of patterns,
with 368 pairsz from each of the four classes. Within the group of
patterns that made up the second member of the pair for each
class, there was an equal number of the 12 different dot patterns
that could be formed by any combination of number <4,5,8) and
geometric form (square, rectangle, rhombus, or parallelogram?’.
The 144 stimulus pairs generated for onhe visual field represented
the same set precented to the other visual field but in mirror
form. The instructions given to each subject for Jjudgement of
sameness or difference between the patterns uwill be discussed in
detail later, but in brief, for judgements of dot number
equal ity , the correct response to classes (A) and (B) was "same"
and that to classes (C) and (D> was “"different®. For judgment of
shape equality, the correct response to classes (A) and (C> uwas
"same"” and to classes (B> and (D) was "different®.

Apparatus

The stimuli were precsented with a Scientific Prototype Model
GB three field tachistoscope equipped with Sylvania F475/CWX
flourescent lamps. Luminance in the tuwo main chambers was set at
11.0 ml. and in the blankK presentation field at 1.8mlL. The
experimenter indicated the onset of a trial by sayving "ready" and
then pressing a button which triggered the tachistoscope. The

manner of presenting the paired stimulus patterns was identical
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throughout the experiment. The first pattern of a pair was
presented for one second, followed by a three second blank
interval of the white stimulus card with the fixation target (an
Y in the center, and then by a 1288msec presentation of the
second stimulus pattern to the right or left visual field. The
presentation of the second stimulus pattern triggered a Lafayette
digital clock timer. The subject responded by means of a double-
throuw toggle suwitch for each hand where a forward push for both
hands indicated a *"same” response and a bacKwards pull indicated
a "different®” rezponse. This procedure uwas reversed for half of
the subjects. When the subjects nmued the toggle suwitches, the
reaction time clock stopped and a sets of light located next to
the clock indiciated which response the subject had made. Both
the subjects' manual response and the response latency (in
milliseconds) uwere recorded. In addition, the subject's
confidence rating of his response uWas collected after each trial.

Procedure

At the beginning of the experiment, all subjects were
instructed about the nature of the wisual recognition task they
uere to receive. They uwere told that the second stimulus pattern
was was to be presented randomly to one of the visual fields and
that their best fixation point was the X in the center of the
viewing field. Subjects used both eyes in viewing the stimulus
presentations.

Three conditions were run uwithin each experimental session.

The session consisted of discriminating pairs of patterns in a

same-different paradigm on the basis of (a) the geometric figures



formed by the dots (a blocked presentation), (b)) the number of
dots (a blocked presentation), or <c’ the form and/or the number
of dots (a mixed presentation). Six one and one-half hour
experimental sessichs were required for each subject. The order
of presentation of the three conditions was counterbalanced for
each subject and between all subjects. The stimuli used in each
experimental session for all three conditions were the same.
Each condition consisted of two trial blocks of 24 pairs of
patterns preceeded by four warm up trials. The trial blocks uere
quaszi-randomized to insure an equal number of both right and left
presentations and the four classes of paired presentations
described earlier. On the day of the first testing session,
there was a practice session of three ten-trial blocks, one block
for each of the three conditions. Results of these trial blocks
were not included in the data analysis.

The three conditions in each experimental session uere:
I> Blocked Form

In this condition, the subject was instructed to respond
only to the geometric figure that the dot patterns formed and to
ignore the number of dots. If the tuwo patterns uwere not
identical, he was to move the suwitches in each hand in the
direction that indicated "difference”, otheruwise he was to move
them in the direction that indicated "sameness”". The subject was
also required, following each manual response, (a) to indicate
the confidence rating of his response on a scale of one to three,
where a "one” represented maximun uncertainty, a "tuwo"

represented a neutral response, and a "three" represented maximun



certainty and <(b)> to indicate verbally the geometric form of the
second pattern that he sauw.
11> Blocked Number

In this condition, the subject was instructed to respond
only to the number of dots between the tuwo patterns within a pair
of stimuli and to ignore the global form of the patterns. If the
number of dots was not the same, the subject was to respond by
moving the lewvers of the switches in the direction that indicated
difference. If the number was identical, he was to move the
levers in the direction that indicated sameness. RAgain, the
subject was required, following each manual response, (a) to
indicate verbally the confidence rating of his response on a
scale one to three and (b) to indicate the number of dots
observed in the second pattern of each pair.
111> Mixed Form and Number

This condition involved having the subject makKe a judgement
of different or same betueen patterns used previously. These
judgements were to be based on the number of dots, the geometric
figure of the dots formed, or on both the geometric figure and
the number of dots. A pair of stimulus patterns was considered
to be the same only if they consisted of both the same number of
dots and the same geometric form. A confidence rating was
required of the subject after each manual response. In addition,
the subject was to indicate verbally, after each trial, the
geometric form and the number of dots observed in the second
pattern. The verbal reponse was used to determine whether the

subject was responding to the appropriate dimensions of
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difference (form, number, or both).
The instructions given to the subject in each of the three
conditions are presented in Appendix B.

Data Analysis

The scores uere averaged separately for each of the four
clasces of stimulus pairs (i.e., Same Form-Same Number (SFSN)) in
the blocked form, blocked number, and mixed form and number
discrimination taskKks. Since each of the four classes of stimulus
pairs had two levels of visual field of presentation (LVF and
RYF), three levels of number of dots (4, S5, and 6), and three
tvypes of procedural taskK demands, each subject contributed 72
mean scores to each dependent variable.

A 2x2x2x3x3 repeated measures ANOVA was used to analyze
ceparately each of the four dependent variables. The factors in
the ANCOVA were: the pair form, the pair number, the visual field
of presentation, the number of dots in the second pattern of a
pair, and the procedural task demands. The first tuwo factors,
the pair form and the pair number were represented by the four
different classes of stimulus pairs (Figure 4>. As stated
praeviocusly in the Stimuli section, the SFSN amd SFDON class of
stimulus pairs constituted the equivalent form pairs and the DFSN
and DFDON class of stimulus pairs constituted the nonequivalent
form pairs. For the pair number factor, the SFSN and DFSN class
of stimulus pairs accounted for the equivalent dot number pairs
and the SFDN and OFDM class of stimulus pairs accounted for the
nonequivalent dot number pairs,

In addition to the main ANOVA for each of the dependent



variables, the dependent variables were further analyzed Wwith a
2x2x2x3 repeated measures ANOVA for each task demand. The
factors in the ANOVA were the pair form, the pair number, the
number of dots in the second pattern of a pair, and the visual
field of presentatation. Simple main effects testing was also
used to evaluate the interaction between the visual field of
presentation and the number of dots in the second pattern for all
dependent variables of the three procedural task demands.

The ANOVA uwere performed using the Biomedical Computer
Program BMDP2YV (Dixon, 1879). Ajustment of the repeated measures
ANOYA was achieved with the epsilon correction procedure
(Jennings & Wood, 19768). Multiple comparison testing of the
significant F ratios with three or more means was accomplished by
the Shaffer-lWelsch procedure. Sample mean differences with a
probability of chance occurence at 353X or less uWere considered to
be significant.

An F max test for the homogeneity of population variance was
performed for each ANOVA (Kirk, 1368>. Table 1 indicates that
the assumption of homogeniety of variance was found acceptable in
every ANOVA.

Signal detection was used to determine sensitivity and
decision bias for the number of correct manual responses in the
blocked presentations of the form and the number discrimination
taskKs, and the mixed presentation of the form and number
discrimination task. Since a small number of trials were run in
each condition, a nonparametric signal detection analysis (Grier,

1871) was used to prevent a violation of the assumptions of the



Table &

Hartleyw F max test for homogeneity of population-error variances.

I) 2x2x%2x3x3 repeated measures ANOVA:

Number of correct manual responses 7 1@ 13.17 n.s.
Laterncy to correct respanses 7e 10 3.47 n.s.
Number of correct verbal responses 7e 1@ 17.25 n.s.
Confidence ratings e 16 12.58 n.s.

II) 2x2xe8x2x3 repeated measures ANOVA

BlacKed numbetr 48 12 3.854 h.s.
Blocked form 48 10 3.91@ n.s.
Mixed form and number 48 18 2.857 n.s.

111> 2x2x2x3 repeated measures ANOVA

) Blocked number task:

Number of correct manual responses 24 10 6.68 n.s.
Latency to correct respanses 24 10 2.83 n.s.
Numbier of correct verbal responses 24 10 9.31 n.s.
Caonfidernce ratings 24 1@ 4.38 n.s.

B) Blocked form taskK:

Number of correct manual responses 24 1@ 6.68 n.s.
Latency to correct responses 249 i@ 2.83 n.s.
Number of correct verbal responses 24 18 9.31 n.s.
Canfidence ratings 24 1@ 4.58 n.s.

C) Mixed form and number task:

Number of correct manual responses 249 10 7.88 n.s.
Latency to correct responses 24 10 4.98 n.s.
Number of correct verbal responses 29 1@ 3.60 n.s.
Cornfidence ratings 24 19 3.62 n.s.
IV) 2x8x3 repeated measures ANOVA
A> Blocked number task:
Sensitivity (PC(I>) 12 10 3.28 n.s.
Decisiaon kias (B'') 12 10 4.78 n.s.

Key to the Table
*k %
Nn.s.

Significant
Nonsignificant
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Table 2 (continued)

Hartley F ma»x test for homogeneity of population-error variances.

B> Blocked form taskK:
Sencsitivity (PCI)) 12 ie 5.94 n.s.
Decision bias (B''> 12 18 8.13 n.s.

VI2x3x3 repeated measures ANIVA

Mixed form and number task:
Sensitivity (PCI)D 18 10 4.891 n.s.
Decizion bias <(B'')> 18 1@ 8.794 n.s.

Key ta the Table
* KX

N«.%.

Significant
Nonsignificant
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parametric analysis. Sensitivity (P(I) and decision bias (B'')>
measures were calculated separately for the number of dots in the
second pattern (4,5, or 6> and for the wvisual field of
presentation (LVF and RVF)> in all three tasks.

In the signal detection analysis for the blocked-form
dizcriminatiacn task, the signal trials uwere defined as
nonequivalent form stimulus pairs (DFSN and DFDN> and the
hons ignal or noise trials were defined as the equivalent form
pairs (SFSN and SFDON). For the number discrimination task, the
signal trials were the nonequivalent number pairs (SFDN and DFDND
and the noise trials were the equivalent number pairs (SFSN and
DFSNY>. Finally, in the mixed form and number discrimination
task, the signal trials were the nonequivalent number pairs
(SFON), the different form pairs (DFSN), and the different form
and number pairs (DFDN). The noise trials in all three class of
stimulus pairs uwere the equivalent form and number pairs (SFSN).
Following the determination of the sensitivity and decision bias
measures, the data were analyzed by means of a 2x2x3 repeated
measures ANOVA for the blocked form and blockKked number
discrimination tasks. A 2x3x3 repeated measures ANOVA was used
tc analyze the two measures for the mixed form and number
discrimination task.

The results of all the ANOVA were divided according to
laterality and nonlaterality conditions <(summary tables for the
ANOVA are found in Appendix C). This distinction was made
possible by the presence of the 'visual field of presentation’

factor in the ANOVA. In the Results, the nonlateralized findings



are reported under the heading of, The Order of Visual
Process ing, and +the lateralized findings are reported under the

heading of, Hemispheric Differences in Visual Processing.
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CHAPTER 3
RESULTS
As stated previously, the Resultes section has been divided

inta two parts: 1> the order of visual processing and 2)
hemispheric differerces in visual processing. Under each major
heading, the resultz have been further divided on the basis of
the five dependent variables: 1) manual accuracy; 2) response
latency: 3> verbal accuracy: 4) confidence rating’; and 5)
sensitivity and decision bias parameters from the signal
detection analysis. An introduction describing the major
dependent variable findings is presented at the beginning of each
major section.

The Order of Visual Processing

Three hypotheses uwere formulated in the Introduction section
(page 43> with respect to the order of visual processing. An
analysis of the data revealed that all three hvpotheses uwere at
least partially confirmed.

The first hypotheszis stated that the processing of dot form
would be faster and more accurate than the processing of dot
number for both the blocked and mixed presentations. For blocKed
presentations, the hypothesis was confirmed in the analysis of
both the manual accuracy and manual latency measures. Faster and
mare accurate manual responses uwere noted in the blocked form
task compared to the blockKed number task. Houwever, the
relationship was found to depend on the number of dots in the

second pattern of the stimulus pair. As shown in Figures S (page

s
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7@y and 12 (page 83>, the difference betuween form and number
processing was only significant for the five and six dot second
patterns.

Findings contrary to the first hypothesis were obtained in
the analyvzis of thea verbal.accuracy measure. In general, the
blocked number task produced significantly more accurate verbal
rezpanzes tharn the hlocked form tazk (Figure 15, page 88>,
suggesting that the aobtained relationship betuween the blocked
form and the blocKed number tasKs is contingent upon the
dependent variable chosen.

l4ith respect to the mixed form and number task, the first
hypothez iz was confirmed with findings from both the manual
accuracy and latency measures. Significantly faster and more
accurate manual responses were rioted to a difference in form
compared to a difference in dot number. BRAs in the blocked
prezentations, houwever, a different relationship was found in the
analveis of the verbal accuracy measure. Significantly more
accurate verbal regsponses were reported to a difference in nhumber
compared to a difference in form.

The seconq hypathesics stated that the nonequivalence of the
numbzar of dots within the two patterns of a pair would interfere
with both the speed and accuracy of form processing in the
blocked form task. Thi=s hypothecsis was confirmed only in the
analysis of the manual accuracy measure. Significantly more
accurate manual performance uwas obtained for the equivalent-
number pairs compared toc the nonequivalent-hnumber pairs.

The third hypothesis stated that nonequivalence of dot form



within the twc patternzs of a pair would interfere with both the
speaed and accuracy of dot number processing in the blocked number
task. This hypothezis was confirmed for both accuracy measures.
As shouwun in Figures 6 (page 72> and 13 (page 85>, greater
accuracy was noted in the blocKed number taskKk with the equivalent-
farm pairz compared tc the nonequivalent-form pairs.

In additiaon to the findings related to the three hypotheses,
& number of cther findings uwere uncovered for the three task
demands.,

BlockKed number. The 4-way ANOVYA of easch of the four

dependent variables for the bloackKed number taskK revealed tuo
additional findings: <!> with an increase in the number of dots
in the second pattarn aof a pair from four to six, there uwas a
carresponding significarnt decrease in manual accuracy (Figure S,
page 79?), respochse speed (Figure 12, page 83>, verbal accuracy
(Figure {5, page 882), and confidence ratings <(Figure 18, page
a4); and (2) for the verbal report measure, significantly greater
accuracy was found with the equivalent-number pairs compared to
the nonequivalent-number pairs (Figure 13, page 85).

Blocked form. The d-way ANGVA of each of the four dependent

variablez for the blocked form task produced three major
firidings: (1) for the manual accuracy, verbal accuracy, and
corifidence rating measures, significantly more accurate and
confident performance was obtained as the number of dots in the
second pattern of a pair increased from four to six (Figure 35,
page 7@, Figure 15, page 88, & Figure 18, page 894)>; (2) for the

manual accuracy and latericy measures, significantly faster and
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more accurate perfoermance was found with the nonequivalent-form
pairs comrpared to the equivalent-form pairs (Figures 6, page 72 &
Figure 11, page 81); and (3> for the wverbal report, significantly
greater verbal accuracy was obtained with the nonequivalent-form
pairs compared to the equivalent-form pairs when the number of
dats in the tuwo patternz of a pair was the same. The difference
tetueen the equivalent and nonequivalent-form pairs was hot
zignificant when the number of dots was different (Figure 16,
page 229)».

Mixed form and number. The four-way ANAVA of the four

dependent wvariables for the mixed task produced four major
findings: (1) for the manual accuracy and respocnse latency
reazures, significantly faster and more accurate performance was
abhtained with the nornequivalent-form Fairs compared to the
equivalent~-farm pairs (Figures &, page 72 & Figure 11, page 81);
(2> for the verbal report variable, a different relatiocnship uwas
obtained: the eguivalent-form pairs produced greater accuracy
compared to the richeguivalent-form pairzs (Figure 14, page 862’
(2) for manual accuracy, verbal report accuracy and confidence
rating meazurez, the equivalent-number pairs produced
significantly greater accuracy and confidence than ‘the
nohequivalent-number <(Figure 1@, page 73, Figure 13, page 85,
Figure 19, page 8527 and (42 for the wverbal accuacy measure,
significantly greater accuracy was found with the equivalent-form
pairs when the number of dotz within the two patterns of a pair
waz the same. The difference betueen the tuwo types of form pairs
was hnot zignificant when the number of dots was different (Figure

1€, page 89).
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Manhual accuracy

Table 2 precents the results of the S-uway repeated measures
ANOVA of the manual accuracy., response latency, verbal accuracy,
and confidence rating derendent variables. The factors in the
ANOVA uere the tazK demards, the pair nhumber, the pair form, the
number of dots in the second pattern of a pair, and the wisual
field of prezentation. As szhown in Table 3, the analysis of the
rumber of correct manual responses revealed a siginificant main
effect for the tazk demands factor. Signficantly greater
accuracy waz obtained in the blockKed form (X=713) and the mixed
faorm and number (X=723X) tazKs compared to the blocked nunﬁer task
(M=B663> (Shaffer-lWelsch multiple compariéon test). The
difference betuween the blocKed form arnd mixed form and number

ta

n

Ks waz rot zignificant.

n

In addition, the interaction between taskK demands and the
number of dots in the second pattern was significant (Figure 5.
Significantly greater accuracy was found in the blockKed number
arid the mixed form and number tasks wher the number of dots in
the second pattern was four compared to when it was six. Testing
with the Shaffer-llelsch test indicated that the difference
betuween the four and six dot patterns uwas only significant for
the blocked number task. In the blocked form task, the four and
five dot second patterns produced the lowest levels of accuracy
while the six dot pattern produced the highest. The difference
between the four ard =£ix dot and the five and six dot second
patterns was found to be significant with the Shaffer-lWelsch

multicle comparizaon tezt.



Takle 3
F values freom the S-uwasy ANOVA of the manual accuracy ., response

latency, wverbal accuracy., and confidence rating dependent

variahbhles.

Dependent Variable

Source of VYariance MA RL VR CR
T 13.07%%% 15.91%xxx 127 .88%%x% T.13%kxxk
N .01 3.12 48,97 %%k % 18.7S k%%
F 128.24%x¥% 2.82%%% 8E.32%%% .E6
Q 19,07 %%x 2.72 E.82%x%x% 11.584%%%
T XN 2.51 2.51 4,88%%x% 11.48x%%
T % F S5.20% ¥ % 12.31%x%x* E.48%%x% 1.35
T X Q Q.42% ¥ ¥ E.51%x% 6.59 k%% 22. 18 %xx
N » F T.79%xx» .22 39.55%%kx% 3.85
N X Q q4.08%%% 8.94%xx 2.28 S.80x%x%%
F ¥ Q .84 .11 1.77 .61
TXNRF .52 .26 4.58%x%x% S5.58%xx%
THXMNXQ 7.25%%¥ 6.39%%x% 2.83%x% 13.58xx%x%
T X F ¥ Q B.79¥¥¥ .82 1.82 .51
N ¥ F X0 q4.3d%xx .28 1.e2 1.38
THXNXF X Q 3.29%%x¥ .29 1.83 6.02%%x%x
VF .03 3.78 .82 .86
VF X T .18 .37 2.1 .85
VF ¥ N .04 1.89 .27 4.44
¥YF X F .11 S5.84%x% 2.12 S.52%xx%
VF » Q 1.75 .35 2.3868 1.31
VF ¥ T X N .Be 44 .38 .37
VF X T RF 2.26 S2 . 16 .43
VF X T X @ R.73Ix%k% » 35 3.32%x% 1.88
YF X NXF . 7@ .19 .87 .78
YF X N X @ 1.11 z2.e7v .29 .25
VF X F X @ .32 .21 .81 1.42
VF B TXNRF .79 .64 2.1a .18
YVF X T X NXQ . 14 .62 .23 .82
VF X T X F X Q 1.58 1.31 2.8a .36
VF ¥ NXF X Q .76 . 6@ .87 .52
VF X THNXF X Q@ .99 1.76 1.98 .92

T : Task demand

N : Pair number

F : Pair form

a ! Number of dots in the second pattern of a pair
VF !t Visual field of prezentation

MA : Manual accuracy

RL ¢! Response latency

VR ¢ Verbal accuracy

CR : Confidence rating

x XK { Significant
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Figure S. Mean percentage of correct manual responses for
the interaction between the taskKk demands and the
number of dots in the second pattern of a pair.
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Finally, the interaction betuween task demands and pair form
was also significant in the S-way ANOVA (Figure 6.
Significantly higher accuracy was found in the blocKed number
tazk with equivalent-form pairs compared to nonegquivalent-form
pairs. In the blocked form and mixed form and number tasKs, the
reverse relationship was cbtained in that significantly higher
accuracy scores were noted with the nonequivalent-form pairs.

Each tazk waz further analyzed in a d4-uway repeated measures
PNCVA for the four dependent variables. The results are
zummarized in Table 4. A=z can be seen, the 4-way ANOVA of the
marual accurascy meazsure indicated zeveral additional significant
findina: for the three tazkKs. For example, in the blocked humber
tazk, the interzction between pair number and pair form was found
to he significant. The interaction is depicted in Figure 7.
Significantly greater accuracy waz obtained with the equivalent
form pairz compared tc the nonegquivalent form pairs uwhen the
number of dotz within the two patterns of the pair uwere the same.

A 1ler but nonsisnificant difference betueen equivalent- and

(O]

m

w

ncheguivalent~form pairs was indicated when the number of dots
within the two patternz of the pair was different.

I the blcacked form task, the main effect for pair number
was netad to be zignificant (Table 4>. Significantly greater
manual accuracy uwas demonstrated with equivalent-number pairs
(P3¥ versus B3%) compared to the riorequivalent-numbered pairs.

In addition toc the above main effect, a significant
interacticon hetueer the number of dots in the second pattern and

pair form was also noted in the 4-uway ANOVA of the blocked form
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Figure 6. Mean percentage of correct manual responses for
the interaction between the task demands and

the pair form.
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Table 4

F valuesz from the 4-way ANOVA of the manual accuracy, response
latency, verbal accuracy, and confidence rating dependent
variables for the blocKed number, blocked form, and mixed form

and number tasks.

T i R

Dependent VYariable
Source of Variance MA RL VR CR

Blocked number task:

N .27 1.83 12.62%%% 27 .62% %%
F 180 . 38%x* .43 17.88%xx .06
Q 11.21%%¥» Tel7 k%% 8.90%%x 35.43%%%
NXF S5.99%xx .23 6.91%%x 1.71
N X Q 3.86 .52 %%kx 2.84 18.98%xx%
F X Q 3.11 .18 4.7 Rk% .41
NXFXQ 1.17 1.21 2.18 2.63
VF .32 1.83 .93 2.65
VF X N .01 3.33 . 3@ .46
VF X F 2.86 .86 2.04 .27
VF X @ 2.73 .66 4.74%%x% 1.52
VF X N X F . 28 .43 1.37 .
VF ¥ N X @ .54 2.73 .49 .54
VF X F X Q@ .48 .43 3.21 .47
VF R N X F X Q .89 .92 2.36 .10

BlocKed form task:

N S.28%%x% 2.93 .86 6.55%%x%
F 32.26%%x% 5.90%x%kx% 8.26%xxx% .48
Q 8.34%%x 1.49 3.86 8.81x%xxx
NXF .74 7S 6.55%%xx 7.06%%x%
N X @ 3.49%%x% .29 2.47 3.a6
F X a S.268%kx% .o 1.38 .77
NXF X Q@ .67 3.63%%x .68 S5.32%x%xx
VF .2 .18 6.E6B%xxx% .30
YF X N .00 . 37 .28 1.58
VF X F 1.59 1.86 .83 5.65%%x
VF X @ 2.51 .84 1.15 .91
VF X N X F 2.45 .61 1.90 .B2
VF X N X @ .84 1.78 .31 .41
VF X F B @ .21 .46 .58 1.84
VF X NX F X @ .21 .71 .37 1.41
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F values from the 4-way ANOVA of the manual accuracy.,

la

va

an

ble 4 (continued?

tency, verbal accuracy, and confidence rating dependent

riables for the blocked number, blockKed form,

d number tasks.

response

and mixed form

- s e - e - Al Em - e e e e A s e T e e e e M e e e M e e e M e S e M e M N G e - S A e

Mi
N
F
Q
N
N
F
N
VF
VF
VF
VF

Dependent Variable

6.78%%%
1.37
S5.23%%x%
4.68%%%
1.35
.39
q4.0d%x%%
.80
.18
1.22
2.18
1.85
.82
.42

urce of VYariance MA RL VR
xed form and number task:

B.49%%x% .64 89.36%%xx%

292.84xxx 30.07 k% 83.93%xxx
2.55 .68 2.34

X F . 14 1.13 58.60%%xx%
X Q 11.59%%x% .98 2.92
X G 7.90%k%k%k 1.84 .92
X F X @ S.21%%x 1.75 1.87
.0z .06 .80
X N .17 .93 .33
% F .01 1.895 2.81
8 Q 4.93%%x .66 1.89
X NXF .03 .88 .66
X NX@ .13 .24 .13
3 F X 2.23 .22 2.78
X NXF XQ@ 2.82 1.48 2.081

* %

v to the Table
¢! Pair number
Pair form

Visual field of presentation
Manual accuracy

Response latency

Verbal accuracy

Confidence ratings
Significant

*

.46

Number of dots in the second pattern of a pair
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Figure 7. Mean percentase of correct manual responses

fram the blockKed number task for the
interaction between the pair form and the pair
nhumbetr .
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tazK. Figure 8 illusztrates the interaction. Significantly
greater accuracy wWwas found with nonequivalent-form pairs compared
to equivalent-form pairs when the number of dots in the second
pattern decreaszed from zix to four (Shaffer-lWelsch test>.

Finally, the analy=zisz of the mixed form and number task
revealed that the main effect for the pair number factor was
significant. Hisgher manual sccuracy was noted with nonequivalent-
number palrz (73X versus 78X compared to equivalent-numbered
pairs. Iri addition, the interaction between the pair form and
the number of daots in the zecond pattern and the interaction
betuween the pair number and the number of dots in the second
pattern were significant. Figuresz 2 and 18, respectively
dezcribe the interacticnz. As shown in Figure 8, a significantly
greater differerice in the manuxl accuracy of the nonequivalent-
form pairzs over the egquivalent-form pairs wasz observed uwhen thq
number of dots in the second pattern increased from 4 to &
tShaffer-Kelsch test>. A different relationship was obtained in
the analwysiz of the manual accuracy measure for the blocKed form
tzesK in that zignificantly greater accuracy was found with
tionequivalent-form pairs compared to equivalent-form pairs when
the riumber of dots in the second pattern decreased from six to
four.

Figure 1@ illustrates the interaction between pair number
and the number of dots in the zecond pattern. The difference in
manual accuracy of the nonequivalerit-number pairs over the
equivalent-number pairs was significant when the number of dots
in the second pattern was four or five but nonsignificant when

the number of dotz in the second pattern was six.
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Respance latency

Tatle 3 (page B3> presents the summary of the S-way repeated
measures ANAVA for the latency to correct responses. As in
manual accuracy dependent variable, the main effect for task
demands reached significance at the .85 level in the S-way ANOVA
cf response latency. Significantly faster performance was
demonctrated foar the blockKed form tasK (X=1.534)> compared to both
the blocked number (X=1.682) and the mixed form and number tasks
t¥=1.7572. The differerce between the blockKed number and mixed
farm and numbar taszK:zs was not significant on testing with the
Shaffer-~lleslsch prodedure. Cverall, the results of the S-uway
AMOvR cof the manual accuracy and response latency suggest that
the blocked form tazkKs produces significantly faster and more
accurate manuxl rezponces.

Both the interaction betueen pair form and the tasK demands
and the interaction between the number of dots in the second
cattern of a pair and the task demands were alsoe significant in
the S-way ANCYA of rezpconse laterncy. The interactions are
depicted in Figures 11 and 12, respectively. As showh in Figure
11, nonequivalent-form pairs produced significantly faster
rezpaonsas compared to equivalent-form pairs in both the blockKed
form and the mixed form and number task. The difference betuween
equivalent- and nonequivalent-form pairs was not significant for
the blocked number tazxk. The other interaction betuween the
number of dotse in the second pattern and taskK demands is
presented in Figure 12. Az shoun, the response latency in the

rumber task increased significantly az the number of dots in
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Figure 11. Mean response latency for the interaction
the task demands and the pair form.

31



the second pattern increased from 4 to € (Shaffer-Welsch test).

A similar finditg was not obtained for the other two tasks. In
both the blocked form and the mixed form and number tasks,
response latency decreased significantly as the number of dots in
the second pattern increased from four to six.

The summary of the 4-uay AMNAVA of the response latency Ffor
each of the tazK demands ic presented in Table 4 (page V3. As
can be seen in the table, the interaction between the pair number
and the number of dotz in the second pattern of & pair in the
blocked number tazK was alsoc faund to be significant.
Significantly fazter rezpcnses uwere obtaired with equivalent-
numbgr pairz ¢(1.682 versus 1,752 1.886 wversus 2.8253 compared to
nonequivalent-number pairz when the number of dots in the second
pattern was 4 or 6. The opposite relaticnzhip was obtained uwhen
the number of dotse in the second pattern waz five. Nonegquivalent-
number pairs kwere found to be significantly faster (1.882 versus

1.22282 than equivalent-number pairs (Shaffer-lWelsch test).
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83



Verhal accuracy

Table 2 (page E82 presents the results of the S-way ANIVA
for the number of correct verbal rezponses. RAs shouwn in the
table, the main effect for taskK demands was found to be
significant. The blocKed number taskK produced that highest
verbal accuracy performance (R=65¥). This was followed by the
sighificantly less accurate performance on the blocKed form task
(X=58%¥>, The poorest varbal accuracy rerformance was indicated
with the mixed form and number tasK (X=38X)> (Shaffer-Welsch
tezt?. Quwerall, the findings from the verbal accuracy measure
were not consisztent with those cobtained from the manual accuracy
meazure where significantly greater accuracy was found in the

locked form task (71 versus EBEX) compared to the blockKed number
tacsk.

The interaction betuween the pair number and the taskK demands

and the interaction betuween the pair form and task demands uere
also significant in the analwvsis of the wverbal accuracy. Figure
13 and 14 illustrates the relatiornships. As shouwn in Figure 13,
the equivalent-number pzirs were associated with significantly
highker uverbal accuracy compared to the nonequivalent-number pairs
in the bklocKed number, the blocked form, and the mixed form and
number tasKs (Shaffer-llelsch test?>. In addition, the equivalent-
form pairs produced significantly higher verbal accuracy than the
nonequivalent-form pairs in all three tasks (Figure 14). The
latter finding was contrary to the one obtained in the analysis
of the manual accuracy measure in that the nonequivalent forms

were associated with & higher level of accuracy in the blocked

84



75.00-§
65.67-

58.33-

50.90-

41,67~

\\\
-~
~
~

. \\
33.33- S~ o

\‘

~
® Blocked number

MEAM PERCENTAGE OF CORRECT VERBAL RESPONSES

25.08~ O BlockKed form

0 Mixed form and number

! !
Equivalent Nonequivalent
PAIR MNUMBER

Figure 13. Mean percentage of carrect verbal responses for
the interaction between the task demands and
the pair number.

85



75.00- §
66.67-
58.33-

586.08~

33.33-

® BlocKed number

MEAN PERCENTAGE 0OF CORRECT WVERBAL RESPONSES

25.09 O Blocked form

O Mixed form and number

Equivalent Nonequivalent
PAIR FORM

Figure 14. Mean percentage of correct verbal responses for
the interaction hetueen the task demands and
the paitr farm.

. 86



87

form and mixed form and number taskKs (page 78).

The interaction betuweern the number of dots in the second
pattern and the tasK demarids was also significant (Figure 13). A
significarnt decrease in wverbal accuracy for both the blocked
number and mixed form and number taskKs was found with an increase
in the number 6f dots of the zecond pattern of a pair from four
tc cix. The orppozite set of findings were noted for the blocked

farm 1 . A incresaze in the riumber of dots in the second

m
in

rattern of a pair was aszscciated with an significant increase in
verbal accuracy (Shaffer-lalsch test).

Finallw, a significant 3-way interaction was obtained in the

0

-uay ANOYA for the pair number, the pair form, and the task
demand factors. The interaction iz illustrated in Figure 16.
Significantly more accurate verbal responses were found with
equivalent-form pairs when the number of dots in the two patterns
of a pair uwere the same. Whern the number of dots within the pair
of stimulus patterns were different, nonsignificant findings were
noted for the equivalent- and nonegquivalent-form pairs. These
findirngz are corizistent with thocse described earlier for the
aralwsiz of the manual accuracy dependent variable in the blocked
number and mixed form and number tasKs.

Table 4 (page 73> describes the results from the 4-uay
AMNOVA of the verbal accuracy for the three taskKs. The 4-uay
ANDYA provided an additicnal finding not ebtained in the S-way
ANOVA: the interacticn betuween the number of dots in the second
pattern and pair form in the blocked number task. Figure 17

illustratez the relatiocnship. The difference in accuracy between
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the equivalent- and norequivalent-~form pairs was significant only
when the number of dotz in the second pattern was five or six
(Shaffer-Welsch test).

Chance carrected accuracy

The findings from the S-uway repeated measures ANOVA of the
chance corrected accuracy measures for the blocKed number,
blocked form, and the mixed form and number tasks are summarized
in Table 5. The factars in the ANCVA were the same as in the 4-
way ANCYA btut with the additien of the chance corrected accuracy
fzctor. The factors uwere compozed of the chance correctea manual
and verbal accuracy measures.

Az =houn in Table 5, the main effect for chance corrected
aCCcuracy was only szsignificant in the S-way ANOYA of both the
blcocked number and the mixed form and number tasks. In those tuc
tasKs, chance corrected verbal accuracy (474 vs 28X and 34X vs
197 was found to be significantly higﬁer than chance corrected
manual accuracy. The difference between chance corrected verbal
accuracy and chance corrected marual accuracy uwas observed to be
ncnsignificant for the blocKed form task (40X vs 422>, QOuerall.,
the rezults suggezt that for the blocked number and mixed form
and number tacskz, subjects were more accurate with a verbal

recpatice coempared tc a manual respornse.
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Table S
F values from the S-way ANOVA of the chance corrected accuracy
measures for the blocked number, blocked form, and mixed form and

number tasks.

Task
Source of Variance BN BF MFN
C 197 .36%%x% 1.46 50.60x%x%xx%
N 2.30 3.81 1.84
F 13.83%%x% B.72%x%x% T3.72%%%
Q 10.22%%* 8.62%%k% : 2.87
C » N 3.17 .87 47 . 20% %%
C ®F .45 S56.0494%%xx% 464 .54 % %%
C»rQ T.7aAkkXK 2.13 . 34
N X F 8.85%%xx% 4.47 6.10%xxx
N XxQ 2.98 4.29%k% 11.44%x%
F X a 3.55%%x 3.83%xxx% 3.17
CHXMNHKF 2.24 3.77 2.43
CHNXAQ q4.37%%kw 1.32 6.32%x%x
C X F Rr Q@ 4.00%%x%k S.17%xx 16.87%%xx%
NXF X Q@ 2.64 .98 9.53%xx%x%
CRNXF ¥XQ 1.64 .47 4.40%%%
VF .72 1.21 .07
VF ¥ C .88 3.74 1.86
VF X N 3.17 .06 .41
VF X F 3.29 .1a 1.358
VF X @ 3.22 2.79 q.72%%x%
VF B C X N 3.86 .87 .88
VF X C X F 2.23 2.3% 1.85
YVF B C R @ 1.81 1.288 2.61
VF ¥ N X F .18 2.87 .08
VF X N X @ .44 .12 .25
YUF XK F X @ 2.64 . 19 3.77
VF R C X MNHXF .03 .31 .41
YVF K C X NXQ 27 1.68 .05
VF X C X F X @ .26 .97 .76
VF X NX F % Q@ 1.88 .47 4.49
VF X C X NXF X @ .74 .77 1.15

C ! Chance corrected accuracy measures

N : Pair number

F : Pair form

Q ¢! Number of dots in the second pattern of a pair
VvF t Visual field of presentation

BM : Blocked number

BF t Blocked form

MFN ¢ Mixed form and number

* KK ! Significant
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Confidence rating

The results from the S-way ANOVA of the confidence ratings
are presented in Table 3 (page 638). As shown in the table, the
main effect for task demands was found to be significant.
Siéni+icantly greater confidence uwas associated with the blocKed
form (M=67X) and blocked number (X=6831> tasks compared to the
mixed form and number taskK (X=63X). The difference betuween the
Blocked form and blocked number tasKs was not sighificant when
tha Shaffer-Welsch procedure wasz applied.

The interaction betueen the number of dots in the second
pattern and the task demands also reached sigrnificance in the
analyeis of the confidence ratings. The interaction is graphed
in Figure 18, In the blocked number task, arn increase in the
numbar of dotsz in the cecond pattern from four to six wuwas
azsociated uwith s significant decrease in confidence ratings.
The reverse relationship was obtained for the blocKed form task
in that an incresze in the number of dots in the second pattern
produced a significant increase in the confidence ratings
(Shaffer-Welsch)., Finally, in the mixed form and number task,
the four and csix dot second patterns were associated with a
significantly higher level of accuracy than the five dot second
patterns.

The interzcticn between pair number and taskK demands was
also found to be significant. As shoun in Figure 19,
significantly greater confidehce was associated with equivalent-
number pairz compared to nonequivalent-number pairs for all three
tazK demands. This is similar to the findings obtained with the

verbtal accuracy meazure for the same interaction.
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As in the analyziz of the preceeding three dependent
variablesz, the 4-~way ANOVAR of the three tasks revealed additional
significant findings (Table 4, page ?3). For example, in the
blaockKed number tazk, the interaction between pair number and the
number of dots in the second pattern was significant.
Significantly higher confidence zcores were found with equivalent-
mumber cairz compared to nonequivalent-number pairs when the
number of dotzs in the zecond pattern was four (Figure 283. When
the number of dots in the zecond pattern wasz five or six, the
differerice in confiderice hetwearn the tuwo types of number pairs

W&

153

rncnesignificant.

In the blacked form tazk, a significant interaction betueen

1

o obtained. As shown in Figure

(1]

pair number and pair form waz al
2!, eignificantly greater confiderice was demonstrated with

norequivalent-form pairz compared toc equivalent-form pairs uwhen

n

*he number cf dots within the two patterns of the pair was the
different. lhen the number of dots within the pair was the same,
the differaence betuween tha equivalent- and nonequivalent-form
Falrse wae not zigrnificant.

Firnally, the interactiocn betueen the pair numbker and psair
form waz found to be significant in the analwsis of the mixed
form and number task. The interaction is depicted in Figure 2.
Nonequivalent-form pairs produced significantly higher levels of
confidence compared to equivalent-form pairs when the number of
dots within the tuo patterns of & pair waz different. Confidence
ratings for both the equivalent and nonequivalent-form pairs were
not significantly different when the number of dots was the same

FEEN
T
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Signal Detection

The findings of the 3-uay repeated~measures ANOVA of the
signal detection analwysis of the number of correct manual
respohses are preserited in Table €. As can be seen, the results
are divided into sensitivity and decision bias parameters for the
three procedural tasKs.

Blocked number. Significant main effaects were found in the
blocKed number task for both the pair form and the number of dots
irn the szecond pattern of a pair factor. The main effects uwere
consistent with those obtained in the 4-way ANOVA of the manual
and verbal accuracy.

A cignificant interaction between pair form and the nhumber
of dotz in the second pattern was also demonstrated in the
analysiz of the blockKed number task. As depicted in Figure 23,
zigrnificantly greater sensitivity was cbktained with equivalent-
form pairs compared to nonequivalent-form pairs when the number
of dots inm the second pattern wasz five. The difference betuween
equivalernt- and nonequivalent-form pairs was nonsignificant uwhen
the number of dotse in the second pattern was four or six.

The ANOVA of the decision bias parameter (Table 6 revealed
no significant findings.

Blocked form. In the 2-way ANOVA of the sensitivity parameter
for the blocked form task, the main effects for both pair number
and the number of dots in the second pattern of a pair uwere found
to be significant. The main effectz are consistent with the main
effects obtained in the ANOVYA of the number of correct manual

respcnces., In addition, the interaction betuween pair number and
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Table 6
F values from the 3-way ANOVA of the sighal detection measures,
sensitivity and decision bias, for the blocked number, blocKed

Signal Detection Measure
Source of Yariance PCID B!

Blocked number taskK:

F 11.52%x%xx% 2.951
Q 11.93%%x% 3.22
F X a 3.53%kx%x% 1.07
VF .03 .26
VF ¥ F 1.76 -39
VF X @ 2.26 .78

VEF X F R Q .40 .03

Blocked form task:

N 7.88%xxx 2.38
Q 7.38%%x 2.93
N X a 4.39%%xx% .11
VF .84 .83
VF X N .11 1.37
VF X @ 3.19 .18
VF X F X @ .76 .38

Mixed form and number taskK:

TR 59.91%x%x 12.48x%xxx%
Q 2.28 .97
TX® @ 15.78%%x% 68.27
VF .84 .85
VF X TD .21 1.87
VF ¥ @ 3.18 2.8
VF X @ X TD 3.08%x%xx%x 1.29

Kev to the Table

N
F
aQ
TD
VF

PCID
Bll

Pair number
Pair form

Number of dots in the second pattern of a pair
Type of differnce between tuwo patterns of a

pair

Visual field of presentation
Sensitivity

Decision bias
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Figure 23. Mean sensitivity from the blocKed number task
for the interaction betueen the pair faorm and the
number of dots in the second pattern of a pair.
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the number of dotz in the second pattern was also significant.
As shoun in Figure 24, significantly greater sensitivity was
found in the blocKed form task with the equivalent-number pairs
compared to the nonequivalent-riumber pairs wheh the number of
dotes in the second pattern was four or five. The difference in
zencitivity between the equivalent- ahd nonequivalent-number

psirs was nonzignificant when the number of dote in the second

}

patterrn was six.

Rz in the blocked number task, the 4-way ANOVA of the
decisicn bias parametesr did not produce any significant findings
far the bklocked form taskse (Table 62
Mixed form and number. Finally, the 3-uway analysis of the
censitivity paramzter for the mixed form and number task revealed
a2 significant main effect for tvpe of difference. Significantly
greater senszitivity for detecting a difference in the form
(¥=.712) ar both form and number of the dots (X=.746) was found
cempared to detecting a difference in number of dots (X=.618).
However , the differénce between the means for detecting a
difference in form verszus & difference in both form and number
was nonzignificant (Shaffer-lWelsch test). In addition, the
interaction betueen the type of difference and the number of dots
in the sacond pattern alzo reached significance in the mixed form
and number task. As shown in Figure 25, sensitivity for
detecting a difference in number decreased as the number of dots
in the second pattern significantly increased from four to six.
In detecting a difference in the form or both form and number,

the oppecsite set of findings was obtained. There waz a
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Figure 24. Mean sensitivity from the blocked form task
for the interaction betueen the pair number and
the number of dots in the second pattern of a
pair.



significant decrease in sensitivity with a change in the number
of dots in the second pattern of a pair from four to five, but a
significant increase in sensitivity with a change in number of
dots from five to six.

Unlike the blocked number and form taskKs, the analysis of
the decision bias parameter for the mixed form and number task
(Table 3) produced significant findings for the main effect of
the type of difference and the interaction between the type of
difference and the number of dots in the second pattern of a
pair. A significantly more conservative strategy was employed in
detecting a difference in both the form (X=.280) and the form and
numbher (X=.413) compared to detecting a difference in number
(X=.877). The difference between detecting a difference in form
versus detecting a difference in both form and number was
nonsignificant (Shaffer-llelsch testing). Furthermore, the
cignificant interaction between the type of difference and the
number of dots in the second pattern of a pair (as shoun in
Figure 28> revealed that as the number of dots in the second
pattern increased from 4 to 6, a significantly more conservative
strategy was employed by the subject to detect a difference in
the dot form. The opposite relationship was noted for detecting
a difference in both the number and the form and number. RAs the
number of dots increased from 4 to 6, there was a significant
shift in the subjects strategy from a more conservative to a more
liberal strategy. (Shaffer-Welsch tesd.

Summary of the MNonlaterality Results

The analvsiszs of the four dependent variables revealed that
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Figure 2%5. Mean sensitivity from the mixed form and
number task for the interaction between the
number of dots in the sacond pattern and the
tvype of difference betueen tuo patterns.



DECISION BIAS

Figure 26.
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Mean decision bias from the mixed form and
number task for the interaction betueen the
number of dots in the second pattern and the
tvpe of difference betueen tuwo patterns.
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for the manual accuracy and response latency measures, the
blocked form task wa:z performed faster and more accurately than
the bleocked number or the mixed form and number taskKs. However,
for the verbal report accuracy and confidence ratings measures,
significantly higher szcores were found on the blocked number task
compared to the other tuws tasks. In addition to the above
findings, the analysis of the data revealed that for the blocKed
number task, sigrnificantly greater manual and verbal accuracy was
azzociated with the equivalent-form pairs compared to the
rnohaquivalent-farm pairs. Maoreover , for the blocked form task,
the equiwalent-number Eairs produced significanlty greater manual

accuracy than the noneqivalent-number pairs.



Hemispheric Differences in Visual Processing

Five hypotheses were generated in the Introduction (page 46)
with respect to hemispheric differences in visual processing.
None of the five hypothezes uwere clearlw supported by the
analyvsis of the data.

The first hypothecsiz stated that faster and more accurate
performance in the procezzing of form (the blocked form task>
would be obtained with stimulus patterris presented to the left
vizual field. Tha analvyziz of the derendent variables revealed
firdirige both suppcrtive and nonsuppotrtive of the hypothesis,

For example, visual field advantages were found to depend on the
number of dots in the second pattern for the manual accuracy
meaazurea. In general, theres was a shift in visual field field
advantage from left +to right as the number of dots in the second
patterrn increazed from four to six (Figure 27, page 113>. O0On the
ather hand, the analvsis of the verbal accuracy measure revealed
a right visual field advantage for form processing over the three
levels of dot number <(Figure 2%, page 128>. The verbal accuracy
finding is contrary to the hypoathesis, and suggests that form
perception is better in the RVF uwith a verbal response. Finally,
the AMNOVA of the response latency measure failed to shou
zignificant visual field advantages. Houwever, simple main
effects testing demonstrated that subjects uwere significantly
faster in the LVYF with the five dot second pattern.

Clozely related to the first hypothesis, was the second
hvpothecsis. I+ was suggested that when the number of dots within

a pair of patterns was different, slouwer and less accurate
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process ing of dot form (the blocked form taskK) uwould be obtained
with the stimulus pattern presented to the right visual field.
The analyvsis of the data for the manual latency, manual accuracy,
and wverbal accuracy measurez revealed no evidenhce to support this
gssertion. The interaction betweern the pair number and the
visual field of precentation was not significant in the analysis
of the four dependent variables in the blocked form task.

The third hypothesiz ztated that faster and more accurate
performsnce in the proceszing of number (the blocked number task?
uvould be shour with the ztimulus patterns presented to the right
visual field. The results demcnztrated that this prediction uas
partially true only for the manual and verbal accuracy measures.
Az shown in Figures 27 (pag; 112> and 29 <(page 120), a RVF
advantage waz found wher the number of dots in the second pattern
was =ix. Houwewer, when the number of dots was four, a LVF
advantage for the hlocked number task uwas found. In the ANOVA of
the response latency meacsure, nhonsignificant visual field
differencez uere naoted for number processing. Houever, the
simple main effectz tezting of the blocKed number task revealed
that subjects were significantly faster in the LVF for the 4 and
S dot secand pattern.

The fourth hypothesis indicated that when the form of dots
within a pair of patterns was dissimilar, slouwer and less
accurate processing of dot number (the blocked number taskK? uwould
be found with the stimulus pattern presented to the left visual
field. Baszed on the analysis of the manaul accuracy and latenhcy,

arnd the verbal accuracy measures, the fourth hypothesis uwas not



confirmed. The interaction between pgir form and the wvisual
field of presentation was not significant in the analysis of the
four dependent variables in the blocked number task.

Finally, the fifth hypothesis stated that faster and more
accurate performance in the processing of both form and number
(the mixed form and number task) would be obtained to the
stimulus pattern prezsented to the right visual field. As in the
blecked number taszk, this hypoathesis was true only for the six

daot pattern with the manual and verbal accuracy measures. As

shouwn in Figuresz 27 (page 1132 and 29 (page 128>, when the number

of doate in the second pattern uwas six, a right visual field

advantage was obtained. However, a significant left visual field

advantage was obtained when the number of dots in the second
pattern uwas four.

In addition to the above findings, a number of other
significant results were obtained. For example, the interaction
betuween the visual field of presentatien and pair form was noted
to he significant for response latency and confidence ratings.
Significantly greater speed and confidence uwere found in the LVF
compared to the RVF with equivalent-form pairs. Visual field
differences for speed and confidence were not significant for

notriequivalent-farm pairs (Figutres 28, page 118 & Figure 38, page
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Mariual Accuracy

As shown in Table 3 (page 63), significance at p<.85 or
better was cobtained in the S-way ANOVA of the nhumber of correct
manual responses for interaction betuween the visual field of
prezentation, the number of dots in the second pattern, and the
procedural taskK demands (YF ¥ 3 ¥ T>. Figure 27 describes the
relevant mean valuegsz. Ac can be seen, the highest accuracy
levels in both the blocked number and mixed form and number tasks
were associated with the LVF when the number of dots in the
cacond pattern was four and in the RVF when the number of dots in
the second pattern was zix. Visual field differences uwere not
cignificant batweern the tuwc tasks when the number of dots in the
second pattern was five. A different relationship was noted for
the blocked form task. The =ix dot pattern was associated with a
LYF adwvantage, and the four and five dot pattern was associated
with a RVYF advantage. On testing with the Shaffer-Welsch
procedure, houwaver, all mean differsnces between right and left
visual fields uwere found to be nonsignificant.

The d-uway ENOVE (Table 4, page 73> for each of the three
procedural tasks revealed significance of at least p<.83 only in
the mixed form and number taskKk. The significant finding was the
interaction betueen the viszual field of presentation and number
of dots in the second pattern (VF ¥ Q2. In both the bloccked form
and the blockKed number taske, however, the interaction betueen
the visual field and the number of dots was noted to approach
significance (p£.13) . Shaffer-llelsch testing of the interaction

betueen the vizual field and the number of dots in the mixed form



MEAN PERCEMNTAGE OF CORRECT MANUAL RESPONEES

Blocked form

Figure 27.

BlocKed number

NUMBER OF DOTS IN THE SECOND PATTERN

Mean percentage of correct manual responses for
the interaction betuween the task demands, the visual

field of presentation, and the number of dots in the
second pattern of a pair.

Mixed form and num.ﬁ
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and number taskK indicated a significant mean difference uwhen the
number of dots in the second pattern was six. Nonsignificant
visual field mean differencesz uere found when the number of dots
in the second pattern was four or five.

Table 7 summarizes the results of simple main effects
testing of the four dependent variables for visual field
differences when the number of dots in the second pattern uas
four , five, and six. fis indicated in the table, only one
cignificant finding was obtained with the manual accuracy
derpendent wvariable. In the blocked number task, a significant
LVF advantage waz noted when the number of dots in the second
pattern was four. Howewer, a RYF advantage in the blocked form
and a LVYF advantage in the blocked number task was found to
;pproach significance (p<{.12) when the number of dots in the

cecond pattern uwere six.
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Takle 7

Simple main effects

ty number of dots

accuracy , responcse latency,

verbal accuracy,

rating derpendent variables of the blacked number,

and mixed farm and number tasKs.

testing of the visual field of presentation
the second pattern of a pair for the manual
and confidence

blocked form,

Number of dats in
the second rpattern

RL
Four

VR

CR

MA

RL

Five

VR

CR

LVF >RVF
t=2.906% %%

LYF {RVF
t=2.319xxx

LVYF >RVYF
t=3.705%xx%

LYF >RVF
t=2.802%xx%

RVF >LVF
t=.475

LVF<(RVF
t=2.088%x %%

LVYF >RVF
t=.623

LVF >RVF
t=.263

RVF >LVF
t=.004

LVF<RVF
t=.752

RVF >LVF
t=2.427 k%%

LVF >RVF
t=.182

RVF >LVF
t=1.542

LYF<{RVF
t=2.385%xxx%

RVF >LVF
t=1.542

RVF M»LVF
t=.530

LVF >RVF
t=.532

LVF<RVF
t=.28€E

LVF >RVF
t=2.1839x%

LVF >RVF
t=.564

LVF >RVF
t=1.127

RYF {LVF
t=.352

RVF >LVF
t=.8835

RVYF >LVF
t=.2e2
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Table 7 (continued?

Simple main effects testing of the visual field of presentatiocon

by number of dots in the second pattern of a pair for the manual

accuracy, response latency, verbal accuracy, and confidence

rating deperiderit variables of the blocked number, blocked form,

and mixed form and humber tazks.

Task
BN BF MFM
MNumber of dots in
the second pattern
oy
MA RYF >LLVF LYF >RVF RYF >LVF
t=1.848 t=1.746 t=1.894
RL RYF <LVF RVYF<LVF RYFKLYF
t=.308 t=1.829 t=.838
Si»
VR RYF >LVF RYF >LVF RVF >LVF
t=2.811%%xx% t=.422 =.162
CR LYF >RVF RVF >LVF RVF >LVF
t=.558&2 t=.418 t+=.813

Key ta the Table

BN ! Blocked number

BF : Blocked form

MFMN ¢t Mixed form and number
MA ¢ Manual accuracy

RL : Rezponse latency

VR ! Verbal accuracy

CR t Confidence rating

LVF LLeft wisual field
RYF Right visual field
*Ek : Significant



Recpornice Latency

The results of the S-~way ANAVA of the latency to correct
responses revealed that only the interaction betueen the visual
field of presentation and pair form was significant (Table 3,
paae 689). As shown inn Figure 28, significantly faster correct
recponsecs were obtained in the left visual field compared to the
richt wisual field with equivalent-form pairs (Shaffer-lelsch
test?. Norsignificant differences uwere found between the right
and left visual-fields with nonequivalent-form pairs. Houwever,
the nonequivalent-form rairs were noted to be significantly
fazter in both tha right and left visual fields compared to the
ecuivalent-form pairsz.

Table 4 (page 73> presents the results of the 4-uay ANOVA of
the latericy to correct responses for the three procedural tasks.
Rz =zhoun in the table, the main effectz for visual field of
presantation and the interactions between the visual field of
preserntation and other factors were found to be nonsignificant.

Tre rezultz of the simple main effects testing of visual
field differences as a function of the number of dots in the
cecand pattern for the response latency dependent wvariable is
presented in Tahkle 7 {page 115> for each procedural task. AfAs
zhown in the tabkle, a LVF advantase was found in the blocKed
number task when the seccond pattern contained four and five dots,
and in the blocked form taskK when the second pattern contained

five dats.,
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MEAN RESPOMNSE LATEMCY (SECONDS)

® Right visual field

O Left visual field

! '
Equivalent Nonequivalent

PAIR FORM

Figure 28. Mean response latency for the interaction betueen
the pair form and the visual field of
presentation.



Yertal Accuracy

As in analysis of correct manual responses, the S-way ANOVA
of the number of correct verbal responses revealed that the
interaction betueen the visual field of presentation, the number
of dots in the second pattern, and the procedural taskK was
significant (Table 3, page B28). The interaction is illustrated
in Figure 23. In the blocked number tasK, a LVF advantage was
zzzaciated with the four dot stimulus pattern, no visual field
advantage waz asscciated with the five dot pattern, and a RVF
advantage waz asscciated with the six dot pattern. In the mixed
form and number taszkK, a LWVF aduan{age was found with the four dot
zeconhd pattern and no visual field advantages uere found with the

five anhd six dot secohid pattern. Finally, in the blocked form

i

taskK, a RYF advantage uwas chtained regardless of the number of

ih

dots in the second pattern. Az in the analysis of the manual
accuracy , Shaffer-lielzch tezting revealed that the visual field
difference rioted with the four dot second éaitern was significant
gnly in the blocKed number task.

The 4-way ANOVA (Table 4, page 72) for each of the three
. procedural taskz demonstrated that in the blocKed form task, the
main effect for visual field was significant. As shokn in Figure
23, significantly greater verbal accuracy was achieved with a RVF
presentation (6@X verzuz SBX) compared toc a LVF presentation.
Thiz zignificant main effect for wisual field of presentation uwas
not found in analysis of the manual accuracy. In the blocked
number taskK, only one factor uwas found to be significant. That

was the interaction Lbetween the visual field of presentation and
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MEAN FERCENTAGE OF CORRECT VERBAL RESPON

Blocked form

Figure

29.

Blocked number

NUMBER OF DOTS IN THE SECOND PATTERN

Meah percentase of correct verbal rezponses for
the interaction betuween the task demands, the wvisual

field of presentatiorn, and the number of dots in the
second pattern of a pair.

Mixed form and num.B

0zZ1
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number of dats in the zecond pattern (VF X @>. The relationship
is described in Figure 22. On testing with the Shaffer-Welsch
procedure, the LVF advantage for the four dot pattern was found
to be sigriificant. Irn the d4-way ANOVA of the mixed-form and
number discrimination {asK, no effects uwere significant,

Finally, the results of simple main effects testing of
vizual field differernces as & function of the number of dots in
the zecond pattern for the wverbal accuracy dependent variable are
cummarized in Table 7 (page 1153. As showh in the table, visual
field differencezs for the blocKed number, bhlocked form, and mixed
farm and number tasKz were found when the number of dots in the
second pattarn was four. In the blocked number and mixed form
and nhumber task, a LYF advantsage was obtained while in the
blacked form tazk, a RVF advantage was obtained.

Chance Corrected Accuracy

Table S (page 922 presents the results of the S-way ANOVA of
the chance corrected sccursacy measures. As in tﬁe ANOVA of the
number of correct verbal responses, the interaction betueen the
visual field of presentation and the number of dots in the second
pattern of a pair was found to be significant in the blocked
number taskK. The relationship between visual field and the
number of dots was similar to that described previously for the
verbal accuracy meazure of the blocKed number task. In addition,
findings approaching significance (p<.18> were also obtained for
the interaction of visuazal field by number of dots in both the

blocked form and mixed form and number tasks.
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Confidence Rating

e in the analyeis of the latency to correct responses, the
S-way interaction of the confidence ratings revealed that the
interacticn betuween the wisual field of presentation and pair
form did achieved significance at the .85 level (Table 3, page
€9). Figure 32 describes the interaction. Significantly greater
confidence uwas obtained in the LVYF compared to the RVF with
equivalent-form pairs. The nonequivalent-form pairs were not
azzociated with significant visual field differences (Shaffer-
Welsch tezt). In general, the findingz from both the confidence
ratings and the rezponse latency measure suggeszt that subjects
are fazter and more confident to equivalent form pairs in the LVF
than in the RVF.

In the 4-uay AMNOVA of the confidence ratings (Table 4, page
T332, the interactiaon between visual field and pair form was found
to reach significance only in the blockKed form task. The
interaction iz displayed in Figure 31. As shoun, sighificantly
greater confidence was indicated in the LVF with equivalent-form
pairs., The wisual field difference was not significant with the
nonequivalent-form pairs (Shaffer-lWelsch test).

Simple main effaects testing of the visual field differerices
as a functiocn of the number of dots in the second pattern for
each procedural task, rewvealed signhificantly higher confident
ratingz in the LYF for the bloccKed number task uwhen the number of
dots in the second pattern of a pair was four (Table 7, page

115). This finding is consistent with the greater accuracy and
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faster responses noted for the four dot pattern in the blocKed
humber task. The remaining simple main effects did not achieve

significance.



Signal DRetectian Analyszis

Sensitivity. Table € (page 181) present the summary of the four-

way ANOYA of sernsitivity for each of the three procedural tasks.
As shorn in the table, only the mixed form and number task
provided a significant finding. That finding was the interaction
betuween visual fields of presentation, the type of difference
betuweern the twc patternzs of a pair, and the number of dots in the
zecond pattern within pair WF X TD X @). The interaction is
dezcritked in Figure 32. Significantly greater sensitivity for
detecting & cifference in the form betuween tuwo pgtterns of & pair
waz noted in the LYF when the number of dots in the second
pattern was six. In detecting a difference in the number of dots
betuwaan tuwo patternz of & pair, significantly greater sensitivity
waz noted in the LYF when the number of dots in the second
pattern was four. Finally, in detecting a difference in both the
farm and number of dots between two patterns of a pair,

gnificantly greater sensitivity was demchstrated in the LVF

n
[¥H

whern the rnumber of dots in the second pattern wae four (Shaffer-
Welzch tezt).

Findings appraaching significance (p<.13) uere found in all
three procedural tasks (blocked form, blocked number, and mixed
form and number) for the interactior between visual field and
number of dots (YF ¥ Q). The relationship for each task was
consistent with the findings abtained in the ANOVA of the number
cf correct manusal responzes.

Deciszion Bias. Takle & presents the partial summary of the four-

way ANCYVA of decision bias for each of the three procedural
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SENSITIVITY

Figure 32.

MUMEER OF DOOTS 1IN THE SECOND PATTERN

Mean sensitivity from the mixed form and
number task for the interaction betueen
the visual field of presentation, the
number of dots in the second pattern of
a pair, and the type of difference
betweern two patterns of a pair.

form and number
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tazKs. As indicated in the table, there is no statistical
support for a conclusion of visual field differences in decision
bias.

Summary of the Laterality Rezults.

Two major findings were noted in the analysis of the four
dependent variables for hemispheric differences. First, a
significant interaction betuween visual field, number of dots in
the second pattern,. and the procedural taskK demands uas
demonstrated for both the manual and verbal report accuracy. In
the blocked number and the mixed form and number tasks, a LVF
advantage was associated with the four dot pattern, no visual
field advantages were associated with the five dot pattern, and a
RVYF advantage was associated with the six dot pattern. A
different relationship was obtained with the blocked form task.
For the manual accuracy measure, a four dot pattern uwas
associated with a RVF advantage, a five dot pattern was
associated with no visual field advantages, and a six dot pattern
was asscciated with a LVF advantage. For the werbal accuracy
measure, a RVF advantage for all three levels of dot number.
Second, a significant interaction between the visual field
of presentation and pair form was noted for response latency and
confidence ratings. Significantly greater speed and confidence
were found in the LVF compared to the RVF with equivalent-form
pairs. VYisual field differences for speed and confidence uere

not significant for nonequivalent-form pairs.

ta



CHAPTER 4

DISCUSSION

The Order of Visual Processing

The results of analysis of the data confirm the predictions
stated in the introduction: (1> in the blocked presentations,
form processing was faster and more accurate than number
processing with a manual response (pages 68 & 88)>; (2> in the
mixed presentation, the processirng of a form difference betuween
two patterns of a pair was faster and more accurate than
processing of a dot number difference (pages 76, 80 & 87>; (3
the processing of form in the blocked form taskK was more accurate
with equivalent-number pairs (Figure 14)>; and <4) the processing
of dot number in the blocked number taskK was more ﬁccurate with
equivalent~form pairs (Figures 6 & 13).

Overall, the results of this thesis can be interpreted as
being consistent with a "top-douwn® sequence of visual processing.
The finding of faster and more accurate form processing relative
to number processing only serves to reaffirm a well Knoun Gestalt
principle of visual perception: "the whole is more than the sum
of the parts” (Goldstein, 1888>. Houever, a close examination of
the obtained data reveals that the differences between form and
number processing uwere conhtingent upon the number of dots in the
second pattern of a stimulus pair. Significant differences
between form and number processing were only obtained when the

number of dots in the second pattern was five or six, suggesting



that the characteristics of the stimuli uwere an important factor
in the obtained order of visual processing. The order of visual
processing might have been different if two and three dot
patterns were used.

The importance of stimulus characteristics in the order of
visual processing has nhot been fully appreciated. Differences in
stimulus characteristics can account for the results of many
investigators (Hoffman; 158@: Miller, 19827 Navon, 1877; Ward,
1882> wuho have employved the Stroop-type letter task to
invesztigate the order of visual processing. In general, slouwer
and less accurate performance has been found in the
identification of the smaller letters. Navon (1877) contends
that the slouwer and less accurate performance with the smaller
letters is the result of a global to local order of wvisual
processing. He believes that the visual system extracts global
forms faster and more accurately than local forms. An
alternative explanation based on differences in stimulus
characteristics can alsc be made to account for the results. As
noted in the Introduction, the slower and less accurate
performance in the local letter processing task might be due to
the presence of response inhibition from the presentation of
multiple and identical local letters.

Navon (1977) has stated that stimulus characteristics are
not a factor in the difference betueen the global and local
processing tezt, but the notion of response inhibition makes this
conclusion more 1likely. In fact, there is evidence from Nawvon's

first study (1877 that is consistent with the above conclusion.



In a separate experiment, Navon demonstrated that equally fast
responses were obtained with the small letter compared to the
large letter when when the tuwo letters were presented
individually. Houwever, when the same small letters uere
precsented in a group of other small and identical letters, slouer
performance was hoted. Owerall Navon's 1877 results can be
interpreted as aevidence in support of a stimulus-task difficulty
factor <in this case mediated by response inhibition) that is
recponsible for the order of visual processing.

Those studies demonstrating the role of sparsity (Martin,
1879), visual angle size (Kinchla & lWolfe, 18739), and
conspicuousness (Hoffman, 1982) in the Stroop-type letter task
are also relevant to this present discussion because they have
indicated the importance of stimulus characteristics in the order
of visual processing. In general, they have shoun that the
manipulation of task difficulty through changes in stimulus
characteristics can determine whether a “top-down® or a "bottom-
up" order is found.

In conclusion, the results of this thesis argue against
Navon's general notion of a “top-doun” order of visual
processing. The results are consistent with other investigators
who have shoun that the order of visual processing is dependent
upoh the stimulus characteristics. Houwever, further research is
necessary if we are to understand the full implications of the
stimulus factors in the order of visual processing.

The second major finding of this thesis concerns the

processing of form and number in the mixed presentation
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condition. Stimulus pairs that differed in both form and number
cf dots (DFDN) uwere discriminated more accurately but equally
fast &as stimulus pairs that differed solely in form (DFSND.
Howewver , those pairs that differed solely in form were
discriminated both faster and more accurately than stimulus pairs
that differed solely in number (SFDN ; pages 80 & 87)>. Querall,
these results suggest that both form and number may be processed
within & similar time course. This conclusion is warranted by
the results showing the additive effects of a difference in form
and number on the accuracy but not processing cspeed. If form and
number uwere pracessed over a different time course, then an
increasze in accuracy would have been associated with a decrease
in proceszing speed whern the stimulus pairs differed inlboth form
and number.

The results from the mixed condition seem best explained in
termz of an attentional model <(Harvey, 1884; Hoffman, 138735:
Krueger & Shapirc, 1288: Prinzmetal, 19817 Santee & Egeth, 1388@>.
It iz poscsible that & limited pocl of attentional resources are
divided acrosz form and number processing, such that each type of
proacessing carn be monitored to enable discrimination of a
difference. When a difference is recognized on one channel or
anather , the chanrnel begins activating the approporiate decision.
Bw virtue of a lower lewvel of stimulus-task difficulty, the form
channel may activate decisions faster than the number channel.
khen differences exist along two dimensions, both channels may
mutually activate the appropriate decision. Since the decision

is being activated by tuwo sources simultanecusly, a greater level



of accuracy is achieved.

Miller (1980)> has discussed the results of his study with
the the Stroop-type letter task along similar lines. He found
that a smaller letter exerted a significant effect on a larger
letter. He contends that these findings imply that the smaller
letter becomes availible to the decision processes with a time
course similar tc that of the large letter. He suggest that the
effects previously attributed to the order in uwmhich different
levels of structure are recognized, may be the result of
differential ease of directing attention to those different
levels and selecting responses based on them.

Rdditional evidence in support of a conclusion that both the
form and the number of the dots are extracted over a similar time
course has been provided from the results of the analysis of the
interaction of irrelevant stimulus characteristics with the
processing of relevant ones. As noted in the results section,
the accuracy of form processing was found to be poorer but
equally fast with nonequivalent-number pairs (Figures 7, 11, &
17>, In addition, the accuracy of number processing uwas found to
be poorer but equally fast with nonequivalent-form pairs (Figures
11 & 145, In general, the results suggest that the irrelevant
variable of a stimulus can interfere with the accuracy of
processing for a relevant variable. Since the interference of
the irrelevant variable occurred only for accuracy and not
response latency wvariables, these findings are consistent with
the view that both-the form and the number of dots are processed

over a similar time course.



Dvkes (18978) contends that relevant and irrelevant
dimensions are processed by separate dimensional analyzers and
interfererce results from misallocation of attention to the
irrelevant dimensional analyzer. He notes that a difference in
the irrrelevant dimensions should compete with the ‘same’
responce such that the greater the amount of disparity betuween
the irrelevant and relevant dimensions, the greater the
competition. DyKes also predicts that the "different response"
should alsoc be graded in the opposite direction. That is,
increases in irrelevant disparity should result in faster
different responses. While DyKes' theoretical notions are
concsicstent with the results of studies using an accuracy measure
(Dykes, 1978; Egeth, 1966), those studies employing a reaction
time measure (Dixon & Just, 1878 have not been able to validate
his theory.

Some of the findings from the blocked number task of this
experiment appear to be consistent with DyKes' theory. The
analysis of the data for the blocked number task demonstrated
that the 'came' response:z were significantly less accurate when
the form between tuwo patterns was different (DFSN) compared to
when it was the same (SFSN)>. However, the accuracy to equivalent-
and nonequivalent-form pairs (SFDN & DFDN) was found to be
cimilar when a 'different' response uwas required (Figure 7).

Other reseachers have also failed to obtain differential
findings with the 'different' response (Kahn & Foster, 1881;
Millspaugh, 1978: Santee and Egeth, 198@). This has led some

researchers to assume that the selective effects of the
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irrelevant dizparity on the ’‘same' judgement s consistent with a
dual -process model in which it is assumed that 'same' and
'different' judgements are mediated by independent processes.
Specifically, several investigators have proposed that ‘same'’
judgements are determined by holisitic processes that are more
sensitive tc the configuration of a stimulus pair, whereas
'different' Jjudgements are determined by a more analytic process
that compares stimuli feature by feature.(Bamber, 18983, 1972:;
Bamber & Paine, 1873; Bamber, Herder, & Tidd, 187537 Donderi,
1983;: Egeth & BleckKer, 1871; Eriksen, 0'Hara, & Eriksen, 1982;
Kreuger , 1973, 1878; NicKersoh, 18637 Proctor & Rao, 1883).

The rezults of the present study for the blockKed number
tasKe appear to be very consistent with respect to predictions of
the dual -process model. The analysis of the data for the blocked
number task suggest that in the 'same' judgment, the form of the
dots plaved a role in the accuracy of the response. This uWas
most clearly seen in the lower accuracy of the nonequivalent-form
pairs (OFSN>. Houwever, the analysis of the ‘'different’' response
for the number processing revealed that a nonholisitic or
analytic strategy was employed. This was clearly evident by the
fact that the equivalent- and nonequivalent-form pairs (SFDN &
DFDMY produced essentially equal levels of accuracy (Figure 7).

It is possible that 'different' judgements are not affected
by the irrelevant disparity of the pair form if they are based on
an ordered comparison. According to this position, either the
relevant dimensions are examined prior to the irrelevant

dimensicns (Egeth’'s serial self terminating model? or both
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dimensions are processed in parallel but more capacity is
allocated to the analysis of the relevant dimension such that it
finishes first.

Treisman and Gellade (188@) have proposed a feature
integration theory that describes some of the characteristic of
this feature analysis. According to that theory, all of the
features are extracted in parallel with exactly the same time
course, and without the need for focal attention. Thus, the
features become availible for further processing at roughly the
same time. However, unlesc mediated by focal attention, the
separately extracted features may or may not be conjoined into a
perceptual object. Treisman and Gelade have proposed that
features that fall within focal attention or that fall ocutside
focal attention are likely to form conjunction, but that features
within focal attention are not likely to form conjunctions with
features from outside focal attention. This theory could explain
the present results if allocation of attention is affected by
same preattentive unit formation process, as proposed by
Kahnemann and Henr ik <1977).

Specifically, if attention is allocated to a particular
perceptual unit or group, then features within that unit are
likely to be integrated. For example, if in the number task, the
‘same’ judgement involved a holisitic approach in the processing
of number, then the lack of equivalency of form within the pair
of patterns uwould enter into focal attention and interfere with
number processing. Moreover, if the 'different' judgement was

directed to the number of dots without attention to form of the



dots, then the nonequivalency of dot form would have nho effect on
number processing because it would not enter into focal
attention.

To the extent that feature relations and feature number
aspects of a stimulus are objects for perception, and to the
extent that focal attention can be wvaried, the feature
intergration thecory can be applied to variety of findings. The
theory suggests that preattentive processes operate on elements
of a stimulus toc present to the feature integration process
groups of elements that can be easily and/or rapidly conjoined
into rperceptual objects for feature relation or feature number.
In such a model, the more conspicuious features have a temporal
precedence over the less conspicuious features. The precedence
waould be at the level of conjoining features into objects and not
at the level of feature extraction. With respect to this present
experiment, Treisman and Gelade 's prediction are consistent mwith
many of the obtained findings. For example, the difference in
accuracy betueen 'same' and ’'different' responses in thevblocked
number task for equivalent- and nonequivalent-form pairs may be
the result of a differential application of attention. In
addition, the slouwer and less accurate performance Wwith an
increased number of dots in the second pattern of a pair noted in
the blocked numbher task may be due to inefficent conjuncture of
the dots intc one total perception (Figure S5>. Finally, the
faster and mare accurate performance ih detecting a difference
between two patterns of a pair when both form and number of dots

differ in the mixed form and number taskKk may be the consequence
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of a conjuncture of both form and number information.

In conclusion, the asymmetrical interference effects on
accuracy in the blocked presentations suggest that feature
information is combined in perceptual discrimination within the
context of focal attention. More conspicuous features achieve a
temporal precedence at the level of conjunction but not at the
level of extraction.

An additional topic of this investigation was the differnce
betuween the manual and verbal accuracy dependent variables. The
results revealed that the verbal measure wWas more accurate than
the manual measure when the scores uwere corrected for chance.
The differences between the two accuracy measures Was probabiy
due to differences in processing time. Manual responses uere
provided within one to tuwc seconds after the presentation of the
second pattern. However, verbal responses uwere provided within
four to six seconds after the manual response. The longer
processing time in the werbal responses is believed to have
produced the greater accuracy uwith the verbal measure.

Moreaver , significant differences uwere noted between manual
and verbal accuracy for the 'same' and ‘'different' responses.

In general, the 'different' response uwas found to be faster and
more accurate relative to the 'same' response for the manual
accuracy and latency derendent variables in the blocked form,
blocked number, and mixed form and number tasks (Figure 6, 7, &
11>, Houever, higher accuracy levels were demonstrated to the
'same' stimulus pair with the verbal report (Figures 13 & 14).

The obtairied effects appear to be due to the stimulus qQualities.



Unlike most studies (Bamber, 1868; Egeth & Blecker, 1871:
Kreuger , 1873; NicKerson, 1369), the visuospatial stimuli
emploved in this present investigation lend themselves more
readily to a ‘'different' judgement (Hock, 18732 Garner & Sutliff,
1874). For example, the dot form of the second pattern uas
alwarsz a partial representation of the first pattern such that
when the tuwo patterns within a pair were the same for geometric
dat form (square, rectangle, etc.), they never looKed alike.

This fact may account for the greater manual accuracy for the
‘different’' judgement in the form task (Figure 6>. However, the
verbal report of form on those trials revealed that subjects were
more accurate with the 'same' form pairs (Figure 17)>. This
result is most likely due to the number of choices availible for
a verbal report after having made a 'same' judgment versus a
'different’' judgement. In the case of a 'same' judgment, there
was only one choice to say , and that was the form of the first
pattern seen. In the case of a 'different'® judgment, there uwere
three choices none of which represented the first pattern of the
pair, It is believed that the differences in probability betueen
the equivalent- and nonequivalent-form pairs for manual and
verbal report accuracy account for the different findings. The
same arguement ic alsc offered to explain the findings of the
blocked number and the mixed form and number tasks. In those
tasks, manual accuracy was found to be better with stimulus
patterns which required a 'different' response but verbal number
accuracy uwas found to be more efficient with stimulus patterns

which required a 'same' manual response.



The last major finding in this study concerns the nature of
form perceptiaon. The post hoc analysis of the blocked form task
revealed that the features of a visual form are not processed
cimilarly. For example, the types of feature difference between
two stimulus patterns uwere associated with different levels of
speed and accuracy to correct manual responses. In general, the
detection of an arngle difference (square to a rhombus) betueen
two patterns was discriminated faster (1.488 versus 1.7390
seconds > and more accurately (88 versus 57X) than the detection
cf a length of side difference (square to rectangle). The post
hoc results indicate that form perception is nonunitary. The
results suggest that the features of a form might be processed by
different channels, with more conspicuous features leading to
faster and more accurate discriminations compared to less
conspicuous features. These conclusions are consistent with the
findings of other researchers who have also described the
nonunitary nature of form perception (Hoffman, 18737 Norman,
1868; Treisman and Gelade, 198@). It is for future research to
discern how conspicuocus and nonconspicuous features are
integrated to create the impression of form in the central
nervous system.

In summary, the results of this experiment indicate that the
order of wvisual processing of stimuli with multiple levels is
determined by a number of factors, the most important of which is
the stimulus characteristics. In addition, the findings show
that the interaction of information about form and number of dots

within a pattern does take place and can produce interference



with the processing of form or number separately. The
interaction appears to be related to the focus of attention.
Finally, differences in probability uwere noted to produce
dizsimilar findings in the manual and verbal accuracy dependent
variabhles for both the form and the number tasks. The results
suggest that, in general, verbal responses were more accurate

than manual responses.

Hemispheric Differences in VYisual Proacessing

The major predictions of this thesis with respect to
differential hemispheric processing were not supported by the
results. General visual-field advantages for speed and accuracy
were not found in the blocked form, the blocked number, or the
mixed form and number tasks. In addition, visual-field advantages
were not demonstrated for the pair number factor in the blocked
form task or the pair form factor in the blocKed number task.
Instead, the results of the present study shouwed quite clearly
that hemispheric differences in wisual processing depend not only
on stimulus characteristice but also on the task demands. For
example, different lateralized findings uwere noted with changes
in the stimulus characteristics for the three tasks.

The shift in visual field advantage with different stimulus
charactericstics was clearly seen in the interaction betuween the
visual field of presentation and the number of dots in the second
pattern of a pair for the blocKed number, blocked form, and the
mixed form and numher tasks. This interaction was found to be
significant or approaching significance (p<.10> more than any

other laterality factor in the ANOVA and the testing of simple



main effects. In both the blocked number and the mixed form and
number tasks, a shift in visual field advantage from left to
right for both manual and verbal accuracy was found as the number
of dots in the second pattern increased from four to six (Figures
27 & 29>. On the other hand, in the blocked form task, a shift
in visual field advantage from right to left for manual accuracy
was noted as the number of dots in the secdnd pattern increased
from four to six.

The results of the blocked form task appear to be in
conflict with those obtained from the other two tasks. Houever
there is one common thread connecting these divergent findings.
The shift to a RVF advantage always occurred with the stimulus
pattern that was the most difficult for the given task. Based on
the accuracy, response latency, and confidence measures, the most
difficult patterns for the number and the form and number tasks
were thoszse in which the second pattern of the pair contained six
dots. For the form task, the most difficult patterns were the
onesz in which the second pattern of a pair contained four dots.
This latter finding is expected based on previous research of
form perception. Those forms that contain less relevant
information are more difficult to identify than those with more
information.

The analysis of the three different procedural tasks
indicate that the level of task difficulty in the processing of a
stimulus was an important variable in determining the direction
of the lateralized findings. Simple patterns were more likely to

be associated with a LVYF advantage while complex patterns were
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more lixkely to be associated with a RVYF advantage.

Support for the notion of a shift in visual field advantage
kith a change in stimulus-task difficulty is found throughout the
literature. Several experiments have demonstrated this shift
using stimuli that are traditionally considered to be processed
by the right hemisphere (visuospatial forms, faces, etc...). One
experiment was performed by Hellige (1878) in uwhich he presented
to the right and left visual field, 12 and 16 point Vanderplas
and Garvin figures in a mixed visual recognition task of forms
and words. He found a LYF advantage for the 12 point figures and
a RVF advantage for the 16 point figures. Hellige suggested that
the form complexity-visual field interaction may be the result of
differences in the codability of the two types of forms. He
noted that each complexity level could lead to use of a different
preparatory set or to a different pattern of selective perceptual
orientation.

Sergent (1984) and Paterson and Bradshaw (1875) have
demonstrated in a same-different paired comparison task of faces
that subjects are more accurate in the LVF when the faces differ
by three features. Howewver , if the faces differ by only one
feature, the subjects are more accurate in the RVF. Different
explanations have been offered by the respective researchers to
account for the right visual-field advantage for the processing
of faces at the higher level of difficulty. Paterson and
Bradshaw have argued that the findings demonstrate the left
hemisphere's superiority as an analytic processor. Sergent has

suggested that the findings are consistent with her notion of the



the greater capacity of the left hemisphere in the processing of
higher spatial frequencies. Regardless of theoretical models,
the findings are strong evidence for a shift in visual field
advantage from left to right with an increase in level of task
difficulty.

Visual search tasks have also provided findings consistent
with the current vieuw. In one variation of such tasks, the
subjects are tachistocopically presented a visual array of
elementz and and are asked to decide if all the elements are the
same or if one is different. In general for such tasks,, a RVF
advantage has been reported (Cohen, 1873, Polich, 198@; Polich,
1824), However, what is most interesting aont the research has
been the demoncstration of an increase in the difference betueen
the right and left visual fields in accuracy and response latency
as the number of elements to be searched increases. Again, these
findings are consistent with the view that an increase in the
level of task difficuty (as represented by an increase in the
number of elements) is associated with a left hemisphere
advantage.

Finally, the strongest support for the notion of a left to a
right visual field shift in superiority for the processing of
complex or difficult stimuli has come from the electrophysio-
logical recordings of brain waves. Galin, Johnstone, & Herron
(13978)> and McKee et al (1873) repart that there is greater
relative left hemisphere activation compared to right hemisphere
activation in both linguistic and spatial tasks as task

difficulty increases.
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If the left hemisphere is specialized for processing
stimulus complexity there must be some underlying factor
accounting for this advantage. One possibility is the left
hemisrhere's capacity for language and the use of verbal
processing to analyze the stimulus. RAll of the findings from
this study and the others reported in this discussion section
could be interpreted using the concept of a verbal processing
strategy. There is some empirical support for such as conclusion.
Faber-ClarkKk and Moore (1883) have demonstrated in an
electrophysiological study of brain activity, greater alpha
supression for a recall task as compared to a word recognition
task. Following the testing, they askKed the subjects to describe
the strategies they employved to remember the words. They noted
that the subjects who employed a verbal strategy showed greater
alpha suppression in the left hemisphere than those subjects uwho
used & visual imagery strategy.

A right visual field advantage for the processing of
complex or difficult stimuli is not universal. Numerous studies
(Gorden and Carmen, 18789; Hellige, 1973; Miller & Butler, 1398@&)
have shoun that novel stimuli are processed better in the LVF
initially. Followinhg some experience with the stimuli, there is
a shift towards a right visual field advantage. For example,
Gardon and Carmen (19739) have demonstrated an initial LVF
advantage for the verbal naming of unfamiliar visual symbols
(taken from the digit symbol subtest of the WAIS and modified
binary representation of digits). Following practice with the

same symbols, a right visual field advantage uwas obtéined. A
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similar left to right shift in wvisual field advantage in a same-
different judgement task of letter pairs following practice has
been reported by Hellige (1978). The results of the abowve
studiesz employing novel stimuli suggest that a descriptive system
is necessary for the development of a right visual-field
advantage.

The importance of a descriptive system for hemispheric
specialization is most apparent in those situations where a
descriptive system cannot be applied effectively. One example of
a situation where it cannoct be effectievely applied is an
evaluation of formal mathematical languages which represent a
doemain of nonverbal descriptive systems. Franco and Sperry
(1877) have studied hemispheric asymmetries in performance on
visuotactile tests involving apprehension of geometric relations
in Euclidean, affine, projective, and topological spaces. They
found a LVF superiority for all four sets of tasks. Houever,
they noted that the the degree of the superiority in the LVF
increased in the following ordert: Euclidean, affine, projective,
and topological. The greatest LVF advantage was associated with
the stimuli of the least structural input. This finding is
consistent with the concept that the left hemisphere's
performance is related to its capacity to encode the stimulus
with some descriptive svstem. There exists a positive
interaction between the degree of structure in the stimuli and
left hemisphere performance. One possible explanation for the
observed order of decremental performance is that it reflects the

relevance of different clacses of geometric objects to the



preexisting descriptive systems. For the average subject, the
descriptive system iz most liKely limited to Euclidean geometrics
{(square, circle, rectangle, etc...?. If this is the case, the
gradient of the LYF-RVYF advantagez that Franco and Sperry
cbtained, may reflect the gradient of descriptive systems that
the subjects have developed for the taskKs involued.

The Goldberg and Costa (1881) model of hemispheric
differencesz it important to this discussion. They have argued
that the left hemisphere superiority with many different stimuli
and tasks is the result of its utilization of different
descriptive systems which are fully formed in the individual's
cognitive repetoire. The descriptive systems are relevant to
specific classes of materials and tasKs, but do not imply wverbal
encoding in every case. These authors have described the right
hemisphere as crucial in the processing of material to uwhich none
of the deszcriptive systems exist (such as novel stimuli) or are
needed. The right hemisphere is involved in the development of a
riew descriptive system in the individual's cognitive repertoire.

An evaluation of the results of the present study in terms
of the Goldberg and Costa model suggests that the LVF advantage
obtained with the simpler stimuli for each of the task demands
was the result of the application of a nondescriptive processing
mode in the right hemisphere. Moreover, the RVF advantage
obtained to the more complex stimuli for the three task demands
was the result of the application of a descriptive processing
mode in the left hemisphere. Ewvidence in favor of such a

conclusion exists in this study. The analysis of the subject's



summary report of the strategies they employed to process form
and number, obtained following completion of testing, revealed
consistent findings. For simple stimuli, most subjects used a
“sparsity of dote" strategy to process number and a "global" form
strategy to process the geometric figure of the pattern. Both
strategies involwve minimal use of verbal encoding. Houever, for
the procezsing of more complex stimuli, the subject relied more
heavily on verbalization. In the processing of number, most
subjects emploved a "grouping strategy” whereby the dots uere
aerganized as groups and the number of dots within each group uwere
then counted. In the processing of form, the majority of the
subjects ultilized an "analytic" strategy where they assessed
individual feature relations separately before combining them
into a judgement of dot form.

The Goldberg-Costa model is also applicable to an
explanation of the individual differences that occur in
laterality studies. One finding that was noted throughout this
investigation was the variance between subjects for processing
strategies. While the majority of subjects adopted similar
strategies, there were some who were quite divergent. The lack
of consistency among subjects for the congitive strategies is an
important factor in accounting for the same of the nonsignificant
factors of the ANOVA. An interpretation of the obtained
individual variance consistent with the Goldberg Costa Model is
that subjects who were markKedly different in the form and number
processing taskK were dissimilar in their use of a descriptive

processing mode. This might have been the result of individual



differences in learning.

There is a long history of attempts to classify people
according to a particular perceptual or cognitive styles
(Hellige, 18975). Despite the wide variety of individual
clascification schemes, experimental tasks used, and explanations
advanced, there appears to be consistent results that
characterize all of these studies. A1l of the classification
schemes involve one group that is hypothesized to be more
efficient at some aspect of verbal processing or more likKely to
use s sponhtanecus verbal strategy relative to another group. 1¥f
people vary systematically in the way they process particular
stimuli using a verbal strategy, and if the manner of processing
affects laterality, then individual differences become of
critical import in studies of laterality. It is proposed that in
future reasearch, greater attempts be made to determine the
manher by which subjects arrive at a perceptual judgement. Minor
attempts at this problem were carried out in this study using a
debriefing session following the conclusion of the testing.
However , the attempts at thizs level are nhot rigorous enocugh to
provide ansuers to the questions regarding individual differences
in lateralized findings.

The last major issue that this study raises concerns the
dependent variable. Many investigators in lateralized research
(Beaumont, 1882; Bryden, 1882) have reported the advantage of
using cne dependent varijable over another. Reaction time
relative to accuracy is sometimes suggested as the more sensitive

measure (Beaumant, 1982>. With respect to this study, the most



effective dependent variable was the verbal accuracy measure.
This measure produced more significant findings than any other
measure in the ANOYA and the simple main effects testing. One
pocscible explanation relates to the use of verbal processing to
arrive at a judgement. Unfortunately, feuw studies have
investigated lateralized findings with respect to the dependent
variable used, thus makKing interpretation of the obtained
findings difficult. Additional research concerning dependent
measures in laterality research is necessary if uwe are to fully
understand cerebral hemispheric differences.

In summary, the results of this investigation have
demanstrated that hemsipheric differences in the visual
processing of stimuli are dependent upon many factors. The most
important are the stimulus characteristics and the task demands.
The results alsoc suggest that the differential application of a
verbal deszcriptive system in the processing of visual stimuli may
account for the shift in lateralized findings with changes in the
level of stimulus-task difficulty. Two areas of future reseach
that this study has revealed as necessary, are (1), an
investigation of the role of individual differences in processing
stratagies and their effects on the laterality outcome, and (2>,
an investigation of the role of the dependent variable in the

praduction of cerebral specialization.



APPENDIX A: Handedness Questionaire

This inventory is designed to determine which hand you use
in the following manual activities.

1) Indicate 'left' if you perform the task with your left
hand.

2) Indicate ‘'right' if vou perform the taskKk with your right
hand.

3> Indicate 'both' if you perform the task equally well with
both hands.

Assume that your hands are empty (except as indicated?
before considering each task. If you have no experience with a

given task, do not mark a preference.

A. Are you right handed or left handed? R L B

B. With which hand or hands do you:

12 write”? R L B
2) drau? R L B
3) use a tennis raquet? R L B

4) use a screwdriver? R L B



5S> throw a ball? R L B

6 use a hammer? R L B
7> light a match? R L B
8) use a toothbrush? R L B
8> hold a Knife when carving meat? R L B
18> use a bottle opener? R L B
11) use scissors? R L B
12) stir a liquid? ) R L B
13> carry your booKs or booK bags? R L B
14> pick up the salt or pepper shaker? R L B
15> hold a filled cup uwhen drinking? R L B
16> with which foot do you Kick a ball? R L B

C. Are there any one-handed actions for which vou use the other

hand?

1§ ‘'ves', what are they:

D. Is their anvone in your family who is left handed?



APPENDIX B
Instructions read to subjects

Introduction

This is an experiment investigating form and number
discrimination in the left and right visual field. You Hill see
pairs of dot patterns of either 4, 5, or 6 dots that can make one
of four geometric figures (square, rectangle, rhombus, or
parallelogram). The first pattern of a pair will be presented
for a second, followed by a three second blank interval, and then
a very brief presentation of the second pattern in either the
left or right visual field. Your task will be to determine if
the geometric form or the number of dots presented is the same or
different in the two patterns of a pair.

The first member of a pair always consists of a figure
presented in the center of the card with dots in all four extreme
corners. Observe the figures and their names on the cards in
front of you. These cards are typical of the tvpe of figures
presented first in a paired presentation.

The second member of the pair always consists of a figure
presented to the left or right of the center of fixation.

Observe the figures and their names on the cards in front of vou.

The second figure is constructed with only three dots in the
four possible extreme corners. There is always one dot missing
from either the upper or louwer outer corner of the figure. As a
rezult, the second pattern is a partial representation of one of
the four geometric figures (square, rectangle, rhombus, and

parallelogram). You will be required to determine the overall
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gecmetric figure that the dots make from this partial
representation. Study these figures in front of you carefully.
Are there any questions?
The position of the dots within a figure will vary randomly.
It will be your task toc determine either the form that the dots
make or the number that are presented for both patterns within a
paired presentation. You will respond in one of two ways--same
or different depending upon whether vou are discriminating to the
form or the number of dots presented within a pair.
Blccked Form
In this part of the experiment, yvour task is to compare the
form or shape of the second pattern with that of the first, and
decide whether it is same or different. When you have decided,
move the levers on the tuwo switches in front of you in either the
foruard or backKuard direction. 1f the second pattern forms the
same geometric figure (square, rectangle, rhombus, or
parallelogram?, move the levers forward <(bacKward) to indicate
sameness. If the second pattern is different in geometric form
from the first, move the levers bacKkuwards (forward) to indicate
difference. Same or different trials will occur randomly and
with equal probability. Your are only to make a comparison on
the basis of the shape or form created by the dot configuration.
Remember that the presentation of the second stimulus pattern
will occur in either the right or left visual field. You are to
fixate on the dot in the middle of the screen at all times during
each paired presentation. In addition, respond as quicKly as

possible without error. Pre there any questions?
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After each response, please indicate your confidence on a
scale of one to three, where a 'one' inidicates no confidence or
guessing, a 'tuo’' indicates neutral confidence, and a ‘'three’
inidicates most confidence. Try to use an equal number of all
three categories. Moreover, after each confidence rating
please indicate the geometric figure of the second pattern within
a pair. Indicate verbally: square, rectangle, rhombus, or
parallelogram. Are there any questions?

Blaocked Number

In this part of the experiment, vour taskKk is to compare the
number of dots in the second pattern with that of the first
pattern. You are to decide as quickKly as possible if thé number
of dots presented in the second pattern is the same as that of
the first pattern. I1f they are the same, move the levers on the
console in front of you forward (bacKuwards)> to inidicate
sameness. I1f they are different, move the levers bacKuwards
(foruward) to indicate difference. Same or different trials will
occur randomly with equal probability. Only respond to the
number of dots within each pair. Remember that the presentation
of the second stimulus will occur in either the left or right
visual field. You are to fixate on the dot in the middle of the
screen at all times during each paired presentation. In
addition, respond as quicKly as possible without error. Are
there any questions?

After each response, please indicate your confidence rating
on a scale of one to three, where a 'one' inidicates no
confidence, a 'two’' indicates nuetral confidence, and a ‘'three’

indicates most confidence. Try to use an equal number of all



three categories.

After each confidence rating, please indicate the number of
dots presented in the second pattern. All that is required of
vou is to say: four, five, or six dots.

Mixed Form and Number

In this part of the experiment, you task is to compare the
second pattern with that of the first and decide if it is same or
differert.The second pattern is the same only if it is of the
same humber of dots and the geometric form that it makes is
identical with that of the first pattern. If it is the same,
move the levers forward (backuwards) to indicate sameness. If
there is a differernce in the second pattern, in either the number
of dots or the form they makKe (square, rectangle, rhombus, or
parallelogram) move the levers backuard (foruward) to indicate
difference. Same or different trials will occur randomly with
same trials occuring 25% of the time and different trials
occuring ?5¥% of the time. Again, the second pattern is presented
to the left or right visual field randomly. Remember to fixate
at all times ori the dot in the middle of the screen in front of
you.

After each response, please indicate vour confidence rating
oh a scale of one to three where a ‘'one' represents uncertainty.
a 'two' represents neutral confidence, and a 'three' represents
most confidence. Try to use an equal number of all three
categories.

After each confidence rating, please indicate verbally the
number of dots and the geometric figure of the second pattern

within a pair.
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APPENDIX C: ANOVA tables



Table &

S-way ANOVA of mean number of correct manual responses

Socurce of VWariance S8/ SSe

T 78.717 48.7@
N Q77 77.89
F 287.53s 21.75
Q 17@.37/152.21
T X N 32.01/114.73
T X F 358.€8. 57.07
T X Q 324.42.-3039.83
NXF 1e.83~ 11.59
NXGQa 18.6877 43.41
F X Q 7.72/7 74.83
TR NHXKF 3.88~ 68.32
THNXQ 68.84.~ BE.74
THF X Q@ 86.51/ 88.58
NXF XQ 17.88~7 37.26
THEXNXF XQ 31.88 88.18
VF .17/ 15.96
VF 8 T .81/ 39.60
VF X N .83 8.86
VF X F .11/ 8.23
VF X @ 7.93~ 38.71
VF X T X N .34/ 48.86
VF W TXF 3.737 22.78
VF X T X Q £28.42/ 68.686
VF " N X F 1.78/ 21.86
VF ¥ N X @ 3.949, 32.83
VF » F X @ 1.817 30,51
VF X T X NXF 1.48~ 17.82
VF X T X NXRGQ 1.7/ 63.12
VF X T X F X @ 12.58/ 72.88
VF X NXF X @ .87/ 34.25
VF X TX NXF X Q@ .e1s ve.52

35.35/2.78
.87/8.65
287.33/2.491
85.18/8.45
16.08/6.37
175.34/3.17
81.11/8.60
18a.823/1.28
8.83-2.41
3.86/9.11
1.84/3.86
17.46/2.40
21.682,2.46
8.398/2.87
7.9772.45
L17/71.77
.4l/2.20
.83/0.88
117182
3.77/2.15
.17s2.72
2.8771.2886
7.11/1.68
1.7e/2.492
1.86/1.77
.58/1.68
.7470.98
S27/1.92
3.14/2.82
1.44/1.80
.00.71.85

13.087%%x%
.81
18.99%xx%
1. 07 %xxx%

2.51
55.30%x%x
8.42%%x%
T.79%kKRK
4.88%x%
.84
.50
T.25%%%
8.79%x%x
4.34%%%
2.25%%xx%
.09
.18
.84
.11
1.75
.86
2.286
3.73%kxx%
.70
1.11
.30
g
.14
1.55
.76
.89

Kew to the Tahle
T ! TaskK demand

N : Pair number

F : Pair form

Q : Number of dots
VF :

in the second pattern
Visual field of presentation

of a pair

[
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Table 8

S-way ANOVAR of mean latency for correct responses

Source of VYariance §S./5Se df./dfe MS./MSe F

T .38/.20 ~18 .187.81 15.4 1 %%x%
N .837.07 1/ .B83/.81 3.12

F .16.7.14 178 . 167,882 8.82%%x%»
Q .085.7.15 2718 .B37.81 2.78

T ¥ N .00.7,82 2718 . 007,80 2.51

T X F .217.83 2/18 -.10/.01 18.31xxx
T X Q . 197,23 4./36 .857.81 6.51%x%xx
N XF Qa7 , 88 178 .800.7.01 .08

N X Q Q7.7 .86 27,18 .083.7.83 8.94%x%
F X Q 007,087 2,18 .00./.84 .11
THNRXF .80.7.83 2718 007,02 .26
THEXNXQ 11,14 - Wac] = .837.66 6.39%xx
T X F ®BQ Q1. 11 4./3€ .28./.080Q .88
MXF XQ .00.7.05 2718 .00/ .0 .29
TXNRXF XAQ .aa.7. 12 4,36 .88/.008 .23

VF .Q2.7.84 1/8 .02/7.80 3.78

VF X T .80.7.88 2718 .08.7.81 » 37

VF ¥ N 817,87 179 .017.81 1.88

VF X F .83.7.04 178 .837.80 S5.84%%x%
YF X @ .86/.0886 s18 .00/.88 .35

YF K T X N .08/.083 2718 .08 .00 .44

VF X T KX F 08.7.02 2,718 .00/.08 .92

YVF X T X Q 817,12 4,36 .0a/.04 .35

YVF ¥ NHF .00.7.82 17 . 007,008 .18

VE XK N X Q@ .81/.8€E 2,18 .817.00 2.e7

YF X F » Q .00./.84 2718 .00.7.08 .21

VF M THKXNXF .0as.82 7168 .00/.8a .64

VE X T ¥ N X Q Q1712 4,/36 .00.7.68 .63

VF X TXF XQ .082/.18 4./2€ .00/ .68 1.31

VF A NX F X @ .08.7.84 2718 .00.7.68 .68

VF X TR NXFX .81/7.088 4,/36 .00.7.00 .99
Key to the Table

T t Task demand

N ¢t Pair number

F t Pair form

Number of dots in the second pattern of a pair

Visual field of presentation

Xe)

wr
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Table 1@

S~way ANOVA of mean number of correct verbal responses

Source of ¥Yariance SS8./8Se df/dfe MS/MSe F

T 1529.e7-187 .62 2/18 764.54, 5.88 127.88x %%
N 130.007 32.42 178 180.007 3.60 49.97 k%%
F 228.94., 23.87 1/8 228.84 2.65 86.33%xxx
] 313.85./414.,17 2718 156.93/23.80 6.82%xx%
T XN 47 .43 87.48 2,18 23.727 4.86 4.88%%xx%
T X F 44,847 62.18 2718 22.427 3.4S 6.49% %%
T X Q 223.81.7944 .22 4./36 80.75.712.368 6.54%xx%
N X F 85.42.- 18.44 173 85.427 2.16 33.55%%x%
N X Q 9.88. 38.72 2718 4.837 2.15 2.28

F X Q 22.377113.66 718 11.187 6.31 1.77

T X NXF 17.817 35.23 2718 8.86~ 1.95 q4.58%%xx%
TXHX MNXQ 25.237 8€.95 4./36 6.34/ 2.41 2.63%xx%%
THF X Q 16.727 83.17 4./3€ 4.18~ 2.58 1.62

N X F X Q@ 7.01~7 62.12 2/18 3.51/ 3.45 1.82
THENXF ¥ Q 16.22.7 78.89 4/36 4.86/ 2.22 1.83

VF 057 27.81 1738 .85, 3.88 .02

VFE X T 12.43./ 83.53 2718 8.22~7 2.53 2.61

VF X N .80 26.23 1789 .80 2.91 .27

VF X F .45/ 24.41 1./9 8.45~7 2.71 3.12

VF ¥ Q 16.86.”7 64.28 2718 8.43~ 3.57 2.36

YF X T X N 3.83~ 69.84 2718 1.52/7 3.88 .38

VF B T X F .43/ 24.20 2718 227 1.34 .16

VF X T ¥ Q 35.58~ 896.18 <36 8.88~ 2.67 3.33%%x
VF X N X F 8.87.7 14.60 173 1.897 1.62 .67

VF X N X @ 1.80. 55.66 2718 .88/ 3.88 .23

UYF ¥ F X @ 3.777 42.83 2/18 1.887 2.33 .81

VF K T X NXF 3.14~ 13.43 2,18 1.577 .75 2.1a

VF ¥ T ¥ N X Q 1.89837 60.7 4/36 .90 1.68 .28

VF X TXF X Q@ 13.886.7 44.57 4,28 3.467 1.24 2.8e

YVF ¥ N X F X Q 2.4/ 27.17 2-18 1.317 1.51 .87

YVF ¥ T X N X F XE13.26.7 359.et€ 4/38 3.26/ 1.64 1.88

Kew to the Table

T : Taszk demand
N : Pair number
F : Pair form

Q : Number of dots in the second pattern of a pair
VF Visual field of prezentation
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Tatble 11

S-uway ANOVA of mean confidence rating

Source of Variance §&-7¢Se df/dfe MS./MSe F

T 562.589-71@.582 18 281.29.,38.47 T.13%k%x%
N 154.017 73.91 179 154.81, 8.21 18.75% %%
F 12.477178.47 1/8 13.077198.83 .66

Q 282.20/220.46 2718 141.60/12.249 11.56%x%xx%
T X N 44 .72/ 35.8%5 2,18 22.36~ 1.94 11.48x%xxx%
T X F 11.887 78.53 718 5.8/ 4.36 1.35

T X Q B7E.28-215.88 4./36 169.87.7 5.98 28.18%xx¥%
N X F 16.507 22.583 1./3a 16.56~ 4.28 3.85

N X @ 58.107124 .50 2,18 29.85/ 5.8 S5.00%xx%
F ¥ Q 4.227 62.28 2718 2.11/7 3.46 .61
TXMNXF 37.28~ 53.889 2718 18.84/ 3.33 S5.58%%x%
THXNRXQ 167.84-111.21 <36 41.967 3.83 13.58%%x%
TXF ¥ Q@ a.58-168.4@ 4./3€ 2.487 4.70 .51

N XF ®Q 22.777104 .67 2/18 11.387 5.81 1.96
THXNXF XQ 77.88-11€.57 4/36 18.439.7 3.24 6.02%kx%xx%
vF 12.527132.5€ 1./8 12.53,/14.951 .86

VF X T 12.85.7131.09 2718 6.83.7 7.288 .95

VF X N 5.86~7 11.88 178 5.86” 1.32 4.44

YF B F 22.40.-7142.84 1./8 22.40.- 7.84 5.32%%x%
VEF X R 20.77/142.84 2.718 18,387 7.83 1.31

VF ¥ T X N £2.687 64.17 2/18 1.38/ 3.56 . 37

VWF X TXF 4.60.7 895.84 718 2.38r 5.32 .43

VF X T R @ 12.43-151.789 4.,/36 4.617 4.22 i.88

YVF X N X F .17/ 38.864 1/8 .17/ 4.40 .70

VF X N X @ 2.127 74,89 2,18 1.867 4.17 25

VF ¥ F X @ 12.727 80.73 2./18 6.36/ 4.43 1.42

VF ¥ T X NXF 2.59.-7127.14 Z18 1.287 7.0€ .18

VF ¥ T X NXGQ 19.65/214.57 q4,./3€ 4,927 5,96 .82

VF X T X F ¥ Q e.11-/200.24 4736 2.837 5.58 .36

YVF M NXF M@ 4.237 73.05 2./18 2.177 4.17 .52

VEF X TX NXF X Q 2.4/ 82.549 4./36 2.357 2.51 .83

T ¢ Task demand

N : Pair number

F ¢t Pair farm

8] : Mumber of dots in the second pattern of a pair

VF t Visual field of presentation



Table 12

5-way ANOVA of chance corrected accuracy measures for the blocked

number task.

Source of VYariance 88./SSe df/dfe MS./MSe F

Cc 2.247 .1@ 179 2.24/ .81 197.36%x %%
N .99.-32.89 1/89 .98/ .43 2.3a

F .827 .56 1./3 .82/ .86 13.83%x%x
Q 2e.59.718. 11 2,18 19.28/1.08 180.23%xx%
C ¥ N .31/ .87 2713 .30/ .03 3.17

C X F 81 011 178 D1/ .01 .45

C X Q .25~ .28 2,18 127 .01 T.74%%x%
N R® F .49, .38 17 .49/ .06 8.05%xx%
N X Q .58.-1.82 2718 .28/ .10 2.90

F ¥ Q .80/2.84 218 .90/ .11 3.55%xx%
C X NHF B3 .11 1/ .83/ .81 2.249
CHXNRKCQC .14 .28 2718 .7/ .81 4.37%x%xx%
CHF XY@ 137 .28 2,18 .06/ .01 4.00%xkx%
NXF ®Q .12/ .28 ~18 .08/ .82 2.649
CHMNXFXAQ B8/ .31 2,18 .83/ .02 1.64

VF .1271.55 178 127 .17 .72

VF X C .80 .16 1/3 .08/ .82 .08

YF X N .31/ .87 179 .31/ .08 3.17

VF % F .13 .36 1/8 .13/ .04 3.2S5

YF X @ 1.84.2.80 /18 .58 .15 3.22

VF R C ¥ N .03 .03 172 .03/ .81 3.86

YVF R C X F .37 .12 17 .03 .01 2.23

VF ¥ C ¥ @ .86, .23 2718 .03/ .82 1.81

VF X N X F .81/ .46 1/8 .81/ .85 .19

VF ¥ N ¥ @ .B68/1.17 2-18 .03/ .86 .44

VF X F X @ 187 .58 2718 .88/ .03 2.64

VF X C X NXF .80 .13 1/8 .00, .01 .03

VF X C X NXQ .81/ .30 e /18 .0, .82 / .27

VF X C X F X 0@ .81 .31 2/18 .04, .82 .26

VF M NX F X 0Q .2571.21 2/18 .13/ .87 1.88

VF X CKXNXF XQ@ .e2” .26 2718 017 .01 .74

c ! Chance corrected accuracy measure

N t Pair number
F : Pair form
Q : Number of dots in the second pattern of a pair

Visual field of presentation

<
J

NS



Table 12

5-uway ANOVA of chance corrected accuracy measures for the blocked

form task.

Source aof Variance S5/ S5Se df/dfe MS/ MSe F

C .08, .58 179 .88/ .@6 1.486

N 247 .72 1.7 .247 .48 3.01

F .393/1.29 1/39 .83/ .14 6.72%x%xx
Q .79 .84 es/18 .39 .85 8.62%xxx%
C HN 837 .23 178 .83 .83 .97

C R F 4.1687 .66 1/ 4,167 .07 S6.0894 % %%
C X Qa L3137 .84 2718 .86/ .03 e.13

N X F .38/ .78 178 .38/ .09 4.47

N X Q .33/ .67 2/18 . 177 .84 4.29xkx%
F X @Q .8772.84 2718 .43/ .11 3.83%%x%
C X NXF 87 W17 179 .87/ .02 3.77

C X NXRGQ .1e” .66 2,18 057 .84 1.32
CXF ¥ @ .14 .25 2718 .87/ .81 S.17x%x
N XF XQ 187 .82 718 .85/ .05 .98
CHXMNXFRXRQ .83/ .87 2718 827 .85 .47

VF .87, .37 1/8 .07/ .06 1.21

VF X C 87, 17 1/9 877 .02 3.74

VF ¥ N .08/ .51 1/8 .08/ .06 .06

VF X F .88/ .28 178 .08, .83 .10

VF X @ .28 .63 2/18 .10/ .04 2.78

VF ¥ C ¥ N .80 .24 1./ .00 .83 .87

VF X C X F .87, .29 1/9 .07, .83 2.35

VF X C X @ .88/ .35 2718 .84s .83 1.28

YVF X N X F 187 .28 179 107 .83 2.97

YF ¥ N X Q D17 .76 ~18 .08/ .04 .12

YVF X F X @ .82/1.22 c2s/18 .81/ .87 .14

YF X C X N XF 817 .18 1/8 .81/ .82 .31

VF X C X NXRGQ .087 .41 718 .04/ .82 1.689

VF X C X F XQ .84, .37 2/18 B2s .82 .87

VF X NXF X Q .04, .87 2718 .02/7, A9 .47

VF X C X NRXF H®XQ .04 .45 718 .82/ .83 rard

c t Chance corrected accuracy measure

N ¢ Pair number

F : Pair form

Q : Number of dots in the second pattern of a pair

Visual field of presentation

)
L



Table 1

S-way

4

form and number task.

ANOYA of chance corrected accuracy

measures for the mixed

Source of Variance

S8 S58Se

X

X

MMZZoOTMO T Z

XXX XX

0OZOO0O0OMZzZO0000TMTZO0O
Moo

(X XX XXX XX

N

-
o

e
Bt 3 B e e e £ B |

< <<
MmMT M

< <<
i m
XXX AXAAXAXAAXAAXAXXXXXX

NDOZOO0OOMZZO0000 T Z0

<
]

VF

2.83~ .50
.86 .52
£2.53s .31
1.85/3.280
1.837 .31
11.62~ .28
.84 .97
.44, .66
1.20 .94
.58/1.67
.20/ .74
.44/ .63
.84/ .36
.98 .8@
.32 .65
.80/ .32
817 .11
.82/, .39
.82/ .14
.22/ .43
.80 .38
027 .14
.13/ .44
.00 .18
.03/ .88
.33/ .78
.00, .19
.00/ .60
.86/ .72
.30/
@ .87/

S50.60%x*
1.04
73.72%%%
2.97
47 .25% %%
464 .54 k% *
.39
6.10%%x%
11.49%%x%
3.17
2.43
6.32%%xx
16.87%*xx%
9.53%x%x
4.40%%kx%
.87
1.86
.41
1.55
q.72%%kx%
.00
1.85
2.61
.00
.23
3.77%k%x%
.41
-85
.76
4.49%%xx%
1.15

Chance corrected accuracy
Pair number
Pair form
Number of dots

measure

in the second pattern of a pair
Yisual field of presentation

164



Takle

d-way

1

ANCYA of mean number of correct manual responses.

=)

Blocked form:

Ve
vF
VF
VF
VF
VF
VF

X X

<

MmO a9

<

-
-

X

XXX
Mmoo

X

\CX

-
X 2

< X
ZMZZomZz

X

-
o

X X

XX X

LA

X X X

N

M
M

N

XXX

XXX X
Mo

-
o

MO

X

<

4.54/151.75

22.28/

18.21

445.66./357.82

11.787
18.427
21.537
6.36.7
.84/
.84.7
4.0/
18.52/
. 187
2.8687
.86

v.7es
165.807
28.23/
1.587
12.18~7
30.56/7
2.768/

. B0
.00/
1.84
8.25”7
3.077
2.36-
.82

- SE//

17.58
53.65
€2.35
48.72
26.35
23.72
15.95
61.066
16.68
34.06
16.85
38.a2

13.17
46.04
30.44
18.20
31.34
52.27
36.90
19.04
16.7

18.35
28.57
11.17
25.30
39.74
26.54

1.79
18
2718
178
/18
2-/18
2s18
1/8
178
19
218
173
2,18
2/18
2718

19
179
e/18
173
2/9
2/18
£18
1789
179
18
718
178
e2/18
18
2718

4.54/16.86
22.20 2.14
222.83.19.88
11.787 1.85
9.71/7 2.98
18.77/7 3.46
3.187 2.70
.84/ 2.93
.84, 2.64
4.8/ 1.77
8.23~ 3.39
.10/ 1.85
1.83~ 1.89
.43 B8.88
1.937 2.17

7.78/1.46
185.88-5.11
14.11.71.88
1.58r2.82
6.08.71.74
15.27/2.88
1.38/2.85
.686/2.11
.28.71.85
1.84.1.15
4.1371.64
3.8771.249
1.18.1.40
.47/2.28

. 31.71.47

.27
10.38%%x%
11.21%%x%

S5.98%%kx%
3.26
3.11
1.17
.32
.81
2.26
2.73

.86

.54

.48

.88

S5.26x%x%x
32.26x%xx
8.34%xx%xx
.74
3.49%%x%
S.26%x%xx%
.87
. 0B
.20
1.58
2.51
2.45
.84
.21
.21



Takle

4-way

15 dcantinued?

AMNOVAR of mean

number of correct manual responses.

Source of VYariance S8./5885e dfs/dfe MS/MSe F

Mixed form and number?

N 19.84, 27V.702 1/8 18.84-2.87 E.44xxx%
F 451.00~- 132.53 179 451.00-1.56 288.84%%x%
Q 20.81s 73.687 2.718 18.45,/4.88 2.585

N XF .70 45,33 178 . 70./35.83 .19

N X @ S7.957 45,16 2718 28.968./2.50 11.54x%x%
F ¥ @ 4z.11~7 47.87 2/18 21.05/2.66 7 .00 % %%
NXFXQ 4@.757 38.82 27,18 2e.38/2.21 S.21%x%x
VF .84 12.17 1./9 .04/1.13 .83

VF ¥ N .34, 17.37 1789 .34.71.83 .17

VF ® F .80 S5.70 17 .28./0.63 .01

VF X @ 8.177 16.74 2718 4.358./6.893 4,33%%kx%
VF M N X F .84~ 11.88 178 .04.71.31 .03

VF X N ¥ @ .B2” 41.78 2/18 .31/2.32 .13

VF X F X Q 11.80” 47.60 2718 5.986/2.64 2.23

VF X N X F ¥ @ 12.22~ 38.82 2,18 6.11.72.1€6 2.82
Key to the Table

N : Pair number

F ¢ Pair form

Q : Number of dots in the second pattern of a pair
VF ! Yisual field of presentation
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Tatkle 1E

4-way AMNOVA of mean latency for correct responses.

T T T R ke

Blocked number:

N .17.71.47 178 L7017 1.85
F .08-1.57 179 .08.7.17 .45
Q 4.47/5.60 2/18 2.23/7.31 Tol7%x%
N X F .82/ .€6 1738 .82..87 .23
N X @ 1.8571.82 2,18 .877.18 9.52%%x%
F ¥ Q 217 (63 2/18 .817.83 .18
NX®XFXAQ .1471.85 2718 .87.7.86 1.21
VF .15/1.268 1-/9 .157.14 1.83
VF X N .33/ .88 178 .33.7.88 3.33
VF X F .82, .32 179 .09.7.10@ .86
VF X 0 . 18-2.40 2718 .28/.13 .66
VF X NKXKF .8271.35 18 .02-.87 .43
VF X N X @ .51/1.68 2718 .26/7.088 2.73
VF ¥ F X @ .87.71.35 2,18 .83-.87 .43
VF X NX F x @ .13.71.23 2,18 .86.7.@7 .82

Blacked form:

N .15/ .47 1/8 .15-.15 2.83

F .57/ .95 1.78 .57/.18 S.48%kxx
Q .30.,71.83 2/18 157,18 1.48

N X F .847 .43 178 .84.7.05 .75

N ® Q .83-1.11 /18 .82.7.086 .24

F X @ 877112 2718 .03.7.86 .52
NXF XQ .24 .0€& 2718 Jd27.83 3.63%x%
VF 817 .25 1./3 .81/.83 .18

VF 8 N .81/ .36 178 827,84 .37

VF X F .87/ .38 179 .07.7.84 1.86

VF X @ .aes T3 2718 247,084 -84

VF X N XF .82/ .24 178 .B2./.03 .E1

VF X N X @ .88, .40 2718 .84,.82 1.7

VF ¥ F X @ .03 .67 2718 027,84 .48

VF X NXF X Q@ .84/, .51 2/18 .B2.7.82 .71



Takle

168 (continued?

d-way ANCOVA of mean latency for correct responses.

Mixed form

and number:

.05 .ES 1/8 .057.07
12.21./23.0S 1789 1¢.21/.34
.1271.68 2718 .86/.088
127 .87 178 .127.01
.18-1.64 2718 .83/.@9
.18, .82 2718 .88.7.85
.4a/2.a4 2718 .20/.11
.08, .61 1789 .08.7.87
.83~ .45 1/8 .03/.85
.09 .41 1789 .@9.7.05
.08.71.11 /18 .24.7.08
.80 .27 17 .80.7.83
.05.71.86 2s/18 .03/.11
.83-1.249 27,18 .82/,.87
.16 .88 2/18 .08/.86

.64
30.087Vx%x%
.68
1.13
.88
1.849
1.75
.86
.53
1.85
.66
.88
.24

N

F

Q

N X F

N X Q

F X Q

NMX¥F Xa

VF

YF X N

VF X F

VF X @

YVF X N X F

VF X N ¥ @

VEF X F X Q

VF ¥ N X F ¥ @
Key to the Takle
N

F

Q

vF

Pair number

Pair form

Numbetr of dots in the second pattern
Visual field of presentation

of a pair



Table 17

d-way ANOVA of mean number of correct verbal responses.

Blocked form:

ZMmMZZamnz
X XXX
Moo

X

2

XX XX XXX

b i A i i i i 4
ZMzZomMmzZz
XXX X
Mmoo m

x

=]

X XXX

Moo
x

g81.6ev”
24.87/

58.85
12.69

5948.23.554.43

7.357
1e.e3”
21.237
7.3087
3.277
1.35~
2.e1rs
4Q.83/
1.87v/
1.387
8.23-
8.23/

5.187
49.50.”
14.437
24.78/
1@.23/
11.683/
4.43/
1z2.687

. 787
2.28/
4.237
2.608.7
1.437
2.43/
1.43.7

3.56
44 .38
44 .76
20.83
55.88
41.86

8.90
75.86

7.81
24.83
23.81
31.43

47 .88
53.80
39.88
23.92
7.35
75.78
58.81
17.ee
21.73
23.285
33.01
12.35
4@.988
37.48
34.88

1/"8
1/8
2718
178
21/1 8
2/18
27,18
179
1789
1/89
e2./18
1/8
2,18
2718
2,18

1/9
1/9
2718
179
£/18
2/18
2718
178
1/8
179
1,18
178
/18
2/18
2718

81.67/
a24.av/s

6.47
1.49@

274.12/30.8@

7.357
S.e2/s
18.617
3.657
3.2877
1.35/
2.01/
2e.02/
1.e7v/
.65
4.11/
4.127

S5.107
49.58.
T.22/7
24.78/
5.127
5.817
2.e27s
12.607
.7as
e2.ees
2.127
2.608.
- ?all
t.227
a4

1.6
2.46
2.48
1.66
6.a2
4.56
0.88
4.22
8.78
1.34
1.28
1.74

5.28
5.889
2.22
3.76
2.8v
4.21
3.26
1.89
2.41
2.58
1.83
1.37
2.27v7
2.88
1.84

12.62%%xx%
17.08%%%
8.90%xxx%
6.91%kxx
£.049
q.27%%%
2.18
.53
.38
c.09
4.7d4%%%
1.37
.43
3.21
2.36

.96
8.26%xx%
3.25
6.55%kx%
2.47
1.38
.68
E.66%%x%
.28
.85
1.15
1.90
.31
.58
.37



Table

q4~way

17 {continued?

ANOVA of mean number of correct verbal responses.

Mixed form and number:

N
F’
Q
N
N
F
N
VF
VF X
VF ¥

L A G
MO N

-~
o

13g.827 12.908 173 138.027
1ss.@2/ 21.23 18 188.82/
67.890/260.85 2718 33.95/1
72.607 15.43 179 72.607
14,237 42.85 £-/18 7.127
4.83~ 85.31 2718 2.467
11.2a7 51.@5 2718 S.68/
1.67~ 18.7S5 178 1.67/
1.357 36.56 178 1.357
4.817 15.353 1-9 4.81/
1@8.43/7 48.65 2,18 S.2ars
.68 8.15 18 .68/
.72- 5@.38 718 « 357
2.13” 27.11 2718 4.0868/
4.808” 21.45 2718 2.48.”

1.549
2.36
4.48
1.71
2.43
4.74
.83
£.08
4.06
1.71
2.75
a.9e
2.78
1.50
1.189

89.36% %%
83.93% %%
2.39
58.60% %%
2.82
.52
1.87
.80
.33
2.81
1.88
.66
.13
2.70
2.81

. ey aw e

Pair number
Pair form

Number of dots in the second pattern of a pair

Visual field of presentation
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Table 18

d-pway ANOVA of mean confidence rating.

Blocked number:

N 155.287 50.67 1/8 155.28/ 5.63 27 .57V %%%
F 207 28.87 178 .28/ 3.18 .88
a 787.687./200.07 2,18 393.84.711.11 35.43% %%
N XF 'S.70. 306.04 178 S5.7¢” 3.33 1.71
N X Q 1gg2.@5~ 82.18 ~18 84.@83/ 4.85 18.98% %%
F X Q Z2.907 85.34 2718 1.957 4.74 .41
NXF XxXa@ 17.267 53.15 2-18 8.63~ 3.28 2.63
VF 24.78/ 84.00 1/8 24.78/ 9.33 2.85
VF B M .70/ 13.83 1/8 .78, 1.53 .46
VF ¥ F 1.5a/ 49.37 178 1.850/ 5.48 .27
VF X @ £2.60./133.80 2,18 11.38~ 7.43 1.582
VF X N X F .84/ 68.10@ 178 .84/ 7.67 .12
VF ¥ N X @ .10/ 84.52 2-/18 2.53/ 4.69 .54
VF » F X @ 5.187 98.14 2/18 2.35~ 5.45 .47
VF K NX F ¥ Q .52/ 45.56 es18 .26~ 2.53 .10

Blocked form:

N 11.277 15.48 178 11.277 1.72 B.55%xx%
F 5.48.7182. 18 1/8 5.48.711.35 .48
Q 85.10/ 86.897 2,18 42.557 4.83 8.81x%%x
N X F 36.82~ 46.33 1/9 36.827 5.21 7.06%%x%
N»Q 32.25~ 88.99 2,18 16. 13/ 4.84 3.86
F R @ 7.277 85.14 2718 3.64/ 4.73 77
N®F ~®xQ 45.@67 76.19 718 22.537 4.23 S.32%xxk
VF 1.67.” 48.41 178 1.687~ 5.48 .38
VF X M 7.287 41.56 178 7.357 4.61 1.58
VF ¥ F 18.157 28.83 178 18.15/ 3.21 S.65%%x%
VF X @ 6.86/120.55 2718 3.43, 6.68 .51
VF X N X F 1.6877 24.25 173 1.E?/ .89 .62
VF M N X 0@ 4.57/101.@0 2,18 2.28~ 5.61 .41
VF X F X @ 12.82-104.329 2,18 6.81 5.78 1.04
VF X N X F » Q 1@.51~ 67.@7 2/18 5.28497 3.72 1.41



Table

4-uay

18 (cantinued)

AMOYA of mean confidence rating.

Mixed farm and number:

N
F
Q
N
M
F
M
vF
vF
VF
VF
VF
VF
VF

hid
M9

X
Q

X

< X

-
o

XX
mz

¢ X X X X
mZzZ

<
5
ped

32.277 42.81
18.27/126. 15
86.72.7149. 232
11.277 21.65
5.63/ 37.53
£2.637 61.20
38.43~ 85.8a
.B2/128.83
.42~ 28.66
7.35~ 54.06
9.737 48.26
12.1371@24.@3
.15~ 73.43
3.70” 79.13
2.78” 52.8€

32.277 4.75
12.2v/14.01
43.357 8.28
11.287~7 2.46
1.357 2.08
1.327 3.480
18.227 4.77
.82/14.24
.42/ 2.29
7.35/ 6.07
4.87/ 2.283
6.87/ 5.77
.15/ 8.15
1.857 4.39
1.357 2.94

E6.78%%x%
1.37
S.23%k%%
q4.68%%*
1.35
.39
q.03%%%
. 8@
.18
1.22
2.18
1.05
.82
.42
.46

the Table

Pair number
Pair form
Number of dots
Vizual field of presenation

in the second pattern of a pair



Table 1@

3-uay ANOVA of mean sensitivity (PCI)

Blocked number:

F .88 .07 178 .08-.81 11.58%%x%

Q 1.7271.89 27,18 .86/.807 11.93%x%xx%

Fxa .88, .21 2718 .84,/.01 3.53%%%

VF 8007 .11 179 .00.7.01 .89
F®F .81/ .85 178 .a17.081 1.76

VF X Q .88 .24 2/18 83/.81 2.26

VF X F X @ .00 .88 2s18 .80.7.83 .48

Blocked form:

M .03 .84 1.7/8 .83.7.008 T.09%%kx
@ .89/ .1@ ~18 .84/.01 7.38%x%xx%
NXQa .85 .11 e/18 .82-.81 4.38x%kx%
VF .80/ .06 1/8 .00/.01 .04
VF X N .80/ .05 179 .08/.81 .11
VF B Q .83/ .18 2/18 .02/.01 3.18
VF X F X @ 817 .11 2718 .00.7.01 .76

Mixed form and number:

TD .55~ .88 2/,18 .27/7.80 58.81%x%x
Q .13~ .53 2/18 L87/.83 2.28
T X @ 227 .12 4./36 .85/.00 15.78%x%
VF .86/ .14 179 .00./.01 .84
VF X TD .88/ .82 2/18 .82/.080 21
VF ¥ Q Q77 .20 2718 -04./.81 3.18
VF X @ ¥ TR .86~ .18 4/36 027,80 3.08%x%x%

ey to the Table

N t Pair number

F : Pair form

Q ¢! Number of dots in the second pattern of a pair

TD ! Tvpe of differnce between tuwo patterns of a
pair

W t Vizual field of presentation

o
o



Tabkle 26

R-way ANOVA of mean decision bias (B'')D

Saurce of VYariance £8,/88e
BlocKed numbert

F 247 .88
Q L 72/2.18
F X @ .31/2.61
VF .B85/1.77
VF ¥ F .24 .86
VF X @ . 13/1.52
YF X F X @ .0172.41
Bloccked form:

N .14/ ,8S
Q .54,/1.82
F ¥ Q .82.71.25
vF .80 .61
VF X N .08/ .51
VF ¥ Q .Q2/2. 06
YVF X F X @ .47 .98

Misxed form and number?

TD 3.42-2.47
Q .1871.686
T X Q 1.39-1.88
VF .80 .21
VF ¥ TD 127 .58
VF ¥ @ .51/1.685
VFE ¥ Q@ X T0 .48,/3. 38

1/8
2718
2/18
178
178
2/18
2-/18

178
2/18
c/18
179
178
2/18
2-18

.247.09
.387.12
.16/.14
.857.19
.04/.889
.07/.88
.81/.13

.14/.86
27/ 11
.81/.87
.88/.07
.88/.086
817,11
.827.85

1.71/.13
.88/.88
.357.85
.00./.03
.1287.83
.257.838
.12-.89

2.91
3.22
1.87v
.26
.38
.78

.85

£.38
£.53
.11
.83
1.37
.18
.38

12.48% %%
.97
E.27%%%
.85
1.87
£.80
1.29

Key to the Table

N t Pair number
F : Pair form
Q : Number of dots in the second pattern
TO : Tvepe of differnce betueen tuc
pair
VF : VWiswal field of presentation

of a pair

patterns of =&
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